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Abstrakt (SVENSKA)

Foriandringar i horkénslighet 6ver tio ar inom en kohort av dldre vuxna fran Goteborg:
en longitudinell analys av tonaudiometriska resultat vid 70 och 80 ars alder.
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Niva: Grundniva

Termin/ar: VT/2026
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Examinator: Sofie Fredriksson

Bakgrund: Aldersrelaterad hérselnedsittning i den 4ldre population i Goteborg fodda 1944.

Syfte: Att undersoka fordndringar i horkédnslighet inom en fodelsekohort (fodda 1944) fran
Goteborgs H70-studie.

Material & Metod: Deskriptiv analys, tvdrsnittligt och longitudinellt, av audiometriska data
fran deltagare 1 Goteborgs H70-studie, kohort 1944, vid aldern 70 och 80. Urvalen bestar av
1116 deltagare vid 70 ars alder, 617 vid 80 ars alder och 541 deltagare som har datapunkter 1
bada dldrarna dér longitudinell jamforelse kan utforas. Statistiska tester som anvénds ar
Student’s t-test, independent och paired.

Resultat: Statistiskt signifikanta skillnader mellan kénen och 6ronen fanns 1 tonmedelvérden
och hortrosklar 1 kohorten 1944 vid 80 ars alder.

Statistiskt signifikanta longitudinella skillnader fanns 1 férédndringen av vissa hortrosklar och
oron mellan och inom koénen dver tid, medan inga statistiska longitudinella skillnader
uppticktes mellan konen 1 fordndringen 1 tonmedelvirden dver tidsspannet.

Slutsatser: Vid 80 ars dlder hade mén statistiskt simre resultat for alla tonmedelvéarden
forutom hoger oras tonmedelvérde for fyra frekvenser (TMV4) dir ingen signifikant skillnad
fanns mellan konen. Mén uppvisade sdmre resultat for bada 6rons tontrosklar 6ver 1000 Hz,
medan kvinnor uppvisade sdmre resultat for tontrosklar under 1000 Hz.

Longitudinellt uppvisade kvinnor och mén en likvirdig forsdmring bade for fyrfrekvens-
tonmedelvirdet (TMV4) och for diskanttonmedelvéardet (DTMV).

Vid alla signifikanta fynd dir 6ron jamfordes var vénster 6ra simre dn hoger, detta tyder pa en
skillnad i1 graden av forsdmring mellan 6ron inom kohorten fodda 1944.

Nyckelord: Presbyacusis, dldersrelaterad horselnedsittning, Goteborg, longitudinell



Abstract (ENGLISH)

Changes in hearing sensitivity over ten years within a cohort of older adults from
Gothenburg Sweden: A longitudinal analysis of pure-tone audiometric results at the age
of 70 and 80 years.

Bachelor thesis: 15 ECTS

Program: Audiology

Course: Bachelor thesis in Audiology - AU6020
Level: First-cycle

Term/year: Spring/2026

Supervisor: André Sadeghi and Maria Hoff
Examiner: Sofie Fredriksson

Background: Age-related hearing loss in the elderly population of Gothenburg born in 1944.

Aims: To investigate changes in hearing sensitivity within a birth cohort (born in 1944) from
the Gothenburg H70 study.

Methods and materials: Descriptive analysis, cross-sectional and longitudinal, of
audiometric data of participants at the age of 70 and 80 collected from the Gothenburg H70
study cohort of 1944. Samples included 1116 participants at the age of 70, 617 participants at
the age of 80 and 541 participants longitudinally who had data points in both age samples.
Statistical tests used are Student’s t-tests, independent and paired.

Results: Statistically significant differences were found between genders in pure-tone
averages 4 and high, test-frequency thresholds and ears in the 1944 cohort at the age of 80.

Statistically significant longitudinal differences were found in some test-frequency thresholds
and ears between and within genders over time, while no significant longitudinal differences
were found in pure-tone averages 4 or high over the time span between genders.

Conclusions: At the age of 80 within the cohort of 1944 men had statistically worse results
for every pure-tone average except for the right ear pure-tone average across four frequencies
(0.5-4 kHz), where no significant difference was found between genders. Men showed worse
results than women in thresholds for test-frequencies over 1000 Hz in both ears, while women
showed worse results than men in test-frequencies below 1000 Hz.

Longitudinally the women and men showed a similar amount of decline in both pure-tone
averages (PTA4 and PTA-HI).

In all findings of significance within this study where ears were compared, the left came out
on bottom, pointing to the left ear seeing a greater amount of degradation over the time frame
than the right within the cohort of 1944.

Keywords: Presbyacusis, age-related hearing loss, Gothenburg, longitudinal.
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1. Introduction

In this study, secondary pure-tone audiometric data gathered from the participants within
Gothenburg’s H-70 study, cohort of 1944, at the age of 80 were digitized and compared to the
same group and individuals ten years earlier. The goal of this paper is to explore and analyze
audiometric data from the cohort of 1944 at the age of 80 and the amount of decline between
the ages of 70 and 80. The audiometric data explored is part of a larger multidisciplinary
epidemiological study known as the Gothenburg H-70 study. A total of 1839 randomly
selected individuals born in 1944 at the age of 70 residing in the Gothenburg area were
invited to take part in this longitudinal study in 2014. 1203 of these agreed to participate in a
series of tests, repeated every five years. In 2025 a new round of audiometric tests of 618,
now 80-year-olds, produced new data to be analyzed. The information yielded from the H-70
studies aims to provide a broader understanding of biological aging and inform future

improvements in elderly care.

2.Background

2.1 An aging population

Across the world population demographics are experiencing a tilt as more people live longer
than before. The world health organization (WHO) reports (2025) that by the year 2030 1 in 6
people in the world will be 60 years or older and between the years 2015-2050 the population
over 60 will go from 12% to 22%, almost doubling in the span of 35 years. This not only
poses an economic problem but also increases the pressure on social systems. For the majority
of people, hearing is an intrinsic part of communication and socialization, and any loss of
hearing has a ripple effect, affecting aspects of daily life. If left unaddressed a loss of hearing
can lead to avoidance, loneliness, social isolation, depression, distress and a lower quality of
life. As the age of individuals rise, hearing capabilities decline, thus one of the services facing
a rise in demand is going to be the field of audiology. WHO anticipates that by the year 2050
1 in 4 people worldwide will experience some degree of hearing loss and that 7% of the

global population will be in need of audiological care (World health organization, 2021).



2.2 Age-related hearing loss

The term age-related hearing loss is interchangeably used with presbyacusis, literally
meaning “old man hearing”. It is a general term encompassing a “lifetime of insults to the
auditory system” (Gates & Mills, 2005). Presbyacusis is the result of internal factors such as
genetics and external factors, such as ototoxic substances, noise exposure, head trauma etc.,
accumulating over time. Meaning, age is not the only, nor a monolithic, culprit; though the
name would suggest so. Presbyacusis refers to a progressive, bilateral, symmetrical sensory-
neural hearing loss with thresholds increasing (worsening) mainly at higher frequencies
(Zarandy & Rutka, 2010); this type of hearing loss is multi-factorial and varies widely
between individuals, exact causes are difficult to pin down but factoring for age on a group
level is a strong denominator. Research done by Lin et al. (2011) showed that regardless of
analytic approach, age and race (there appears to be a protective factor in ‘black race’)
remained significantly associated with hearing loss. More evidence of this can be found in the
median values of expected hearing threshold deviations for ages 30, 40, 50, 60, 70, males and
females in ISO 7029:2017(e), showing a general degradation of all thresholds with age, and
higher acceleration of degradation as frequencies increase (Appendix 1.) These findings
correspond with the prevalence of hearing loss of moderate or higher grade increases globally
as the factor of age increases; 5.6% in people aged 50-54 and 51.8% in people aged 85-89
(World health organization, 2021).

2.3 Hearing differences between genders

Repeatedly, studies have shown differences between genders as it relates to age-related
hearing loss. A paper by Rosenhall and Mao-li (2007) reviewed the pure-tone threshold levels
for the frequencies 2, 4 and 8 kHz of elderly men and women from 7 different
epidemiological studies (Appendix 2.), showing men’s hearing being worse than women’s for
all test-frequencies and ages. Findings that men’s hearing tend to be slightly worse than
women’s, are echoed in the international standard ISO 7029:2017(e). A difference in noise
exposure has been seen as the factor responsible for the difference between genders, however
in a study by Cruickshanks et al. (1998), after controlling for occupation, noise exposure,
education and income the difference remained, suggesting that exposure to other risk factors
may be at hand. Another difference-maker is thought to be hormonal. A review by Delhez et
al. (2020) concluded that the female sex hormone estrogen seemed to play a large role in the
maintenance of cochlear function, acting as a protective agent. Their findings also showed

that estrogen’s level and absence could lend further support to it influencing hearing.
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Audiological testing during different ovular phases showed that during the peri-ovular phase,
when the estrogen level is at its highest, resulted in stronger responses for both tests as
compared to the luteal and follicular phases, while post-menopausal women experience a

higher rate of decline in hearing.

2.4 Measuring hearing loss

2.4.2 Pure tone audiometry

Pure-tone audiometry is a psychoacoustic method that measures an individual’s ability to
detect pure tones, i.e. sine waves, at different frequencies and intensities; this method is the
industry gold standard, the bread and butter to most audiologists and is the foundation of the
audiological test battery as any further audiological test is crosschecked against the
audiometric results (Swanepoel & Laurent, 2025). By methodically (ISO 2010) presenting
tones via either air or bone conduction in decreasing sound levels across specific frequencies
(0.125,0.25,0.5,0.75, 1, 1.5, 2, 3, 4, 6 and 8 kHz), looking to find the quietest sound
intensity (stretching from -10 to 110 dB HL in increments of 5) that the individual can audibly
detect 3 out 5 times presented; this level is assigned as a hearing threshold. When hearing
thresholds have been acquired for the different frequencies across both ears, a pattern emerges
showing what pitches of sound and at what levels can be, and can’t be, heard by the patient.
This does not only give the examiner and examined a bird’s eye view of an individual’s
hearing capability but also gives information about etiology and, if applicable, the frequency

specific amplification needed for hearing aids.

By conducting pure tones via different mediums, air or bone, the examiner can differentiate
the plausible cause/s, or type, of hearing loss. Using headphones (supra-aural, circum-aural or
insert headphones) or free field speakers, sound is conducted via air, passing through the outer
ear, middle ear and into the inner ear where the actual sound detection takes place. However,
when using bone conducted sound, a vibrator is placed on the mastoid located behind the ear,
bypassing the outer and middle ear, conducting sound directly to the inner ear via vibrations
in the skull. If bone conducted thresholds end up significantly better than that of the air
conducted, one can deduce that the cause of, or part of, the hearing loss is located in the outer
or middle ear; this is known as conductive hearing loss. If there is a combination of
conductive and sensory factors it is known as mixed hearing loss. If air and bone thresholds

correlate with each other, the cause can be assumed to not have any conductive factors, thus



be of sensory descent, neural or both. One cause does not exclude the other, any combination
of sensory, conductive and neural hearing loss occurs and may be present in one ear

(unilateral hearing loss), both ears (bilateral hearing loss) or both ears but differing in degree
(asymmetrical hearing loss). All results are recorded on an audiogram displaying grade, type

and configuration of hearing loss.

2.4.3 Grade of hearing loss

The gradation and nomenclature of hearing loss internationally and in scientific literature
tends to be the classifications set up by the World Health Organization (World health
organization, 2021). The use of these guidelines allows for uniform classification and
estimation, enabling comparability on a global scale. (Swanepoel and Laurent, 2025) The
average of the thresholds for frequencies 0.5, 1, 2 and 4 kHz, also known as pure-tone average
4 (PTA4), in the better ear is used as the point of measurement for determining an individual’s
grade of hearing loss. WHO divides their scale into seven degrees with accompanying
descriptions of hearing experience in quiet and noisy environments (Appendix 3). The scale
ranges from “Normal hearing”, being a PTA4 below 20 dB, to “Complete or total hearing
loss/deafness” where PTA4 is 95 dB or above. Worth noting is that this type of gradation
using a pure-tone average for the frequencies 0.5, 1, 2 and 4 kHz is neither absolute nor the
only determinate of a person’s hearing capabilities. Often a diminution in thresholds occurs in
higher frequencies, especially with age, which might not be accurately reflected within PTA4.
Supplementary averages may be used to provide a wider context of hearing ability such as a
threshold average for the higher frequencies, 3, 4 and 6 kHz, also known as high-frequency
average or PTA-HI; this, however, is yet to have a globally accepted and used grading
framework like PTA4 as put forward by WHO.

2.4.4 Type of hearing loss

The cause of a loss of hearing can be of different genesis or a combination of several, these
types are commonly divided into three categories: conductive, sensory or neural hearing loss.
A hearing loss caused by a problem with the mechanical transference of sound, preventing it
from passing through uninhibited inner ear is referred to as conductive hearing loss. This, for
example, could be due to middle ear infection, cerumen impaction, perforated tympanic
membrane or issues with the ear ossicles like otosclerosis; many of these conditions are
reversable. Sensory hearing loss refers to a diminished function of the hair cells within the

inner ear’s ability to detect and convert sound mechanically into electrical impulses. Sensory



hearing loss is caused by a deterioration/destruction of the hair cells found in the organ of
Corti located in the cochlea, reducing their sensitivity resulting in higher intensities needed
for a certain pitch to be detected. Causations of sensory hearing loss are numerous, ototoxic
substances, noise exposure, genetic, nutrition, infections both acquired and congenital, and
general histological degradation as a result of aging, among others. In the process of diagnosis
based on the thresholds established during pure-ton audiometry, one cannot deduce a more
detailed topical causation with the information at hand without further testing, a sensory
hearing loss is therefore often branded as “sensory-neural”. Hearing loss due to a neural
pathology means that there is something inhibiting the transfer of electrical impulses along the
ascending auditory pathways to the primary auditory cortex. Neural causes of hearing loss,
commonly referred to under the umbrella terms auditory neuropathy or auditory neuropathy
spectrum disorder. This can be caused by tumors, inflammation, deterioration and/or
atrophying of the acoustic nerve to name a few. This type of hearing typically presents with a
sensory hearing loss and speech perception not correlating to the degree of hearing loss.

(Swanepoel and Laurent, 2025)

2.4.5 Configuration of hearing loss

The thresholds achieved during the pure-tone audiometry are mapped on the audiogram
showing the frequency on the X-axis and the intensity descending on the Y-axis.

When mapped, the thresholds create a configuration with different shapes being associated
with different etiologies; the shape associated with presbyacusis for example, sees the line

increasingly slope down towards higher frequencies.

2.5 The Gothenburg H-70 study (cohort of 1944)

The Gothenburg H-70 study is a multidisciplinary, epidemiological, longitudinal study
examining aging within different age-cohorts in Gothenburg Sweden. Several birth-cohorts at
the age of 70 have been initiated; in this paper the longitudinal pure-tone audiological data of
birth-cohort 1944 that was initiated in 2014 is being analyzed. Participants endured 8h of tests
(Appendix 4.) consisting of “sampling of blood and cerebrospinal fluid, psychiatric,
cognitive, and physical health examinations, examinations of genetics and family history, use
of medications, social factors, functional ability and disability, physical fitness and activity,
body composition, lung function, audiological and ophthalmological examinations, diet, brain

imaging, as well as a close informant interview, and qualitative studies.” These tests have



been repeated again at the age of 75 and the latest 2025, at the age of 80.

The information gained from these studies aims to expand knowledge about aging,
pathogenesis, identifying early markers for disease and early diagnosis, prognosis, experience
of illness, protective factors and may lay the ground for improvements within elderly care.

(Rydberg Sterner et al., 2019).

2.6 Previous research

Audiological research within the H-70 study comparing hearing between and within different
cohorts, gender, prevalence, pathologies and more have previously been done. In Hearing in
early old age: current perspectives (2021), Hoff compiles results from four papers
investigating different cohorts within the H-70 study (Hoff et al., 2018; Hoff et al., 2020; Hoff
et al., 2023; Hoff et al., 2024). They found, among other things, that the prevalence of any
hearing loss (bilateral and unilateral) in Gothenburg at 70 is 50%. Compared to earlier born
cohorts the 1944 group shows a notably lower prevalence of hearing loss, especially the men,
dropping from 53% in cohort 1901-1907 to 28% in the cohort of 1944. Findings showed the
chief underlying cause of age-related hearing loss to be cochlear pathology, occurrence of
conductive pathologies has seen a decline compared to earlier born cohorts, and use of
automated air conducted pure-tone audiometry yields reliable thresholds for both the younger

old (referring to 70-year-olds) and older old (referring to 85-year-olds).

A study by Sixt and Rosenhall (1997) using two cohorts from Gothenburg, one aged 70 (born
1906-1907) and one followed longitudinally from 70 to 88 years old (born 1901-1902),
investigated the relationship between social economic status, health and hearing. They found
a slight tendency for those who had received lower education to have an insignificantly worse
hearing than the participants of higher education. However, after 85 both men and women
with higher education, observable across all frequencies, had better hearing thresholds than
those with lower education. A tendency was also found between health status and hearing
where participants showing signs of illness, either previously known or discovered during the
study, achieved worse audiometric results than healthy participants with no known diseases.
Patients who died within 4-5 years after the audiometric tests, at the time tended to have

inferior results to the surviving individuals.



3. Aim

This paper intends to make a cross-sectional analysis of participation data at 80 years old and
investigate longitudinal changes in hearing within the Gothenburg H70 study-cohort of 1944
between the ages of 70 and 80. In both cases, comparing differences between sexes, and ears

within genders and for the sample as a whole.

3.1 Research questions

1. What is the hearing sensitivity profile at 80 years of age in the 1944 cohort, as
measured by individual pure-tone thresholds, PTA4 and PTA-HI?

2. How does hearing sensitivity change longitudinally between 70 and 80 years of age in
the 1944 cohort, based on individual pure-tone thresholds, PTA4 and PTA-HI?

3. Are there gender differences in hearing sensitivity at the age of 80 years and in the
longitudinal change between 70 and 80 years?

4. Are there differences between left and right ears in hearing sensitivity at the age of 80
years and in the longitudinal change between 70 and 80 years, within and between

genders?

4. Materials & methods

4.1 Study design

This study is an exploratory data analysis into audiometric hearing data collected within a
population-based survey calculating, comparing and reporting descriptive statistics for pure-
tone averages as well as at individual frequencies, thresholds by test-frequency, ear and

gender at the age of 80 and longitudinal change in variables between ages 70 and 80.

4.2 Sample

The sample used for this study was derived from the baseline investigation and the 10-year-

follow-up investigation of the Gothenburg H70 Study (1944 Cohort).

The baseline investigation was conducted during 2014-2016 and the selection procedures
have been described in detail previously (see Rydberg Sterner et al., 2019). Briefly, in the
year of 2014, 1839 randomly selected 70 year old individuals living Gothenburg and
surrounding area were invited to participate in the study, 172 were excluded (n=29 died

before examination, n=32 not living in Gothenburg, n=53 could not speak Swedish, n=58
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could not be traced) leaving an effective sample of 1667, of these, 464 declined participation
leaving a total sample size of 1203. Of these 1116 (women n=593 and men n=523) completed
the audiological examinations (92.8% of the total sample N=1203).

The 10-year follow-up investigation was conducted during 2024-2025 using similar selection
procedures (not yet in any publication). In addition to those already enrolled in the study at
baseline, new 80-year-olds were added (total sample size not yet published). The audiological
data consists of 617 participants (women 55.8% n=344, men 44.2% n=273). Only one
exclusion (n=1) was made in the sample data analysis, this was due to technical issues during

testing resulting in no data.

Longitudinal analysis could be performed on n=541 participants who had data points in both

testing opportunities (men 43.9% n=242, women 56.1% n=3009).

4.3 Data collection

At both testing opportunities automated air-conducted pure-tone audiometry was done in a
quiet environment using the Interacoustics Equinox AC440 audiometer and Supra-aural
headphones (Sennheiser HDA?200) in accordance with ISO-standard 8253-1:2010(E) (Private
conversation with Hoff 2/4-2026). Brief aural history, otoscopy and instructions were
performed by research nurses. Both ears were tested at the following frequencies: 0.25, 0.5, 1,
2, 3,4, 6 and 8 kHz between levels 0 to 90 dB HL. If a participant did not respond at the
highest level, i.e. 90 dB HL, the threshold at that frequency and that ear was marked as
unobtained. Any unobtained threshold was given the value of 90 instead of excluding the
datapoint. Since a threshold for 90 was not met, the actual hearing threshold can be said to be
>95; the same method was applied when digitizing the 2025 data to enable comparisons

between the two data sets.

Raw audiometric data collected from the Gothenburg H70 study, 1944 Cohort, at the age of
80 that was collected in 2025-26 and was manually digitized by the author in Microsoft Excel
for Windows between the 16" of January 2026 and the 23™ of February 2026. The digitization
consisted of inputting audiometric threshold values from physical audiograms into a spread
sheet, organized by ear and test frequency. Raw data information included pseudonymization
number, gender (male/female), bilateral thresholds, if instructions were understood (Y/N),
visibility of tympanic membrane (right/left — Y/N) and otoscopic findings in free text. Spot-
checks comparing digitized values and audiograms were performed by paper supervisor

André Sadeghi by randomly picking audiograms from folders and comparing raw hearing
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threshold values to the digitized values; no errors were found.
No raw data was collected by the author, secondary data containing threshold values from

initial tests in 2014 printed audiograms from 2015 were provided by supervisors.
4.4 Analysis of data

The descriptive statistics included arithmetic means and standard deviations. Independent
Student’s t-test was used to compare means of pure-tone thresholds and/or pure-tone
averages, between genders. The paired Student’s t-test was used when comparing left and

right ears within genders; the alpha level was set to 0,05.

The parametric Student’s t-test was used in the present study, in spite of some skewness in the
data (especially at certain frequencies). This was done due to the relatively large sample sizes,

meaning the central limit theory applies assuming normal distribution.

Quantitative research methods were implemented using IBM Statistical Package for the Social

Sciences (SPSS) version 30.0.0.0 (172).

4.4.1 Sample variables
Variables used within this study:

e At 80 years old
o Right and left ear PTA4 (Pure-tone average for frequencies 0.5, 1, 2, and 4
kHz)
o Right and left ear PTA-HI (Pure-tone average for frequencies 3, 4 and 6 kHz)
o Right and left ear pure-tone thresholds at individual frequencies (0.5-8 kHz)

e Longitudinal change between the ages 70 and 80 in:
o Right and left ear PTA4 (Pure-tone average for frequencies 0.5, 1, 2, and 4
kHz)
o Right and left ear PTA-HI (Pure-tone average for frequencies 3, 4 and 6 kHz)
o Right and left ear pure-tone thresholds at individual frequencies (0.5-8 kHz)

Change was calculated as variables at 70 years old minus variables at 80.

4.5 Ethical considerations

All participants in the H70 study received written information about the purpose and
procedures of the study and gave their written consent. To ensure anonymity all names and
social security numbers are replaced with pseudonymization numbers; the author does not
have access to un-pseudonymization- enabling keycodes. Due to the consent given by the

participants, handling of this sensitive information for the scientific purposes of this study



does not need an individual ethical review even though no specific written consent was given

to the author.

The Audiometric data constitutes by Swedish law sensitive material (kénsliga uppgifter) and
was therefore kept under lock and key at the university of Gothenburg. The one and only key
was in possession of the author only during the digitization process. A document was kept
detailing what folder containing data was retrieved, when it was retrieved and when it was

returned.

4.5.1 Ethics approval for the H-70 study.

“The H70 study was approved by the Regional Ethical Review Board in Gothenburg (Approval
Numbers: 869-13, T076-14, T166-14, 976-13, 127-14, T936-15, 006-14, T703-14, 006-14,
T201-17, T915-14, 959-15, T139-15), and by the Radiation Protection Committee (Approval
Number: 13-64). Before the general and additional examinations, the study participants
provided written informed consent. All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or

comparable ethical standards.” (Rydberg Sterner et al., 2019)

5. Results

5.1 Cross-sectional analysis of hearing sensitivity at 80 years

5.1.1 Pure-tone averages by gender

The distribution of hearing thresholds (PTA4 and PTA-HI) at age 80 years are presented as
box plots in figure 1. Descriptive statistics for left and right ear PTA4s as well as PTA-HIs are

displayed by gender in table 1. P-values are shown for gender comparisons.
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Table 1. Descriptive statistics and comparison of PTAs between genders and ears within the
cohort 1944 at 80 years.

Pure-tone Gender Mean Median Min/max Std. P-value
average (dB) (dB) (dB) Deviation

RPTAY —iomen 3000 588 s7sns i %1%
LPTAY e —per s agsmsor aar 0%
w6 ST R
P TARl a5 ieTooo o 00T

*=Statistically significant
R=right ear. L=Left ear. PTA4=Pure-tone average, frequencies 0.5, 1, 2, and 4 kHz
PTAHI=Pure-tone average, frequencies 3, 4 and 6 kHz

Statistically significant differences between men and women were found for all comparisons,
except for in the right ear PTA4. In all instances, men showed higher (worse) mean PTAs

than women (Table 1.).

5.1.2 Pure-tone averages by test ear

Descriptive statistics and corresponding P-values for comparisons of left and right ear PTAs

are displayed in table 2, for men and women separately and for the total sample.

Table 2. Comparison of right vs. left ear pure-tone averages by gender and group, cohort of
1944 at 80 years.

Gender Pure-tone Mean Median Min/max Std. Pvalue
average (dB) (dB) (dB) Deviation
RPTA4 31.80 30 2.50/82.50 14.63 <0.001*
Men LPTA4 36.33 36.5 3.75/86.25 14.15
RPTAHI 53.46 56.7 0.00/90.00 17.79 <0.001*
LPTAHI 60.56 61.7 13.33/90.00 16.31 ’
RPTA4 30.10 28.8 3.75/75.00 13.72 <0.001*
Women LPTA4 32.64 32.5 3.75/85.00 14.41
RPTAHI 43.39 45 3.33/90.00 17.08 <0.001*
LPTAHI 47.84 48.5 11.67/90.00 17.75 ’
RPTA4 30.85 30 2.50/82.50 14.14 <0.001*
Total LPTA4 34.27 33.8 3.75/86.25 14.40 '
sample RPTAHI 47.84 50 0.00/90.00 18.09
<0.001*

LPTAHI 53.47 55 11.67/90.00 18.25
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*=Statistically significant
R= right ear. L=Left ear. PTA4=Pure-tone average, frequencies 0.5, 1, 2, and 4 kHz

PTAHI=Pure-tone average, frequencies 3, 4 and 6 kHz
Comparisons between the ears showed that the left ear PTAs had significantly higher mean
hearing threshold. This was true for both genders and in the sample as a whole (Table 2.)

Median PTA4 and HI by ear and gender, cohort af 1944 at 80 years.
Men Women

100,00

80,00

60,00
=
:
= 000

20,00

°
00 ®
RPTA4 LPTA4 RPTAHI  LPTAHI RPTA4 LPTA4 RPTAHI LPTAHI

Figure 1. Boxplot of median PTA4 and PTA-HI, right and left ear by gender, cohort 1944 at
80 years. R= right ear. L=Left ear. PTA4=Pure-tone average, frequencies 0.5, 1, 2, and 4
kHz. PTAHI=Pure-tone average, frequencies 3, 4 and 6 kHz
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5.1.3 Individual test-frequencies by gender

Mean pure-tone thresholds by ear and test-frequency are shown in Table 3. P-values are given

for gender comparisons.

Table 3. Comparisons of means by test-frequency and ear between genders within the cohort

of 1944 at the age of 80.
Hz 250 500
Men 15.60 17.97
Women 17.03 21.21
P-value | 0.171 | 0.005*
Hz 250 500
Men 15.04 18.65
Women 17.34 | 21.99
P-value | 0.024* | 0.004*

*=Statistically significant

Right means (dB)

1000 2000 3000
22.34 | 32.60 46.14
2445 | 32.17 36.95
0.104 | 0.763 | <0.001*
Left means (dB)
1000 2000 3000
23.53 | 41.52 54.30
24.07 | 37.81 41.56
0.687 | 0.013* | <0.001*

4000

54.29

42.54
<0.001*

4000

61.61

46.69
<0.001*

6000

59.95

50.67
<0.001*

6000

65.75

55.28
<0.001*

8000

75.02

67.72
<0.001*

8000

78.88

71.48
<0.001*

When comparing by test-frequency, the findings showed higher mean thresholds among men

at all test frequencies above 2000 Hz in the right ear and at all frequencies above 1000 Hz in

the left ear. On the other hand, at lower test-frequencies women demonstrated significantly

higher thresholds; specifically at 500 Hz in the right ear and at 250 and 500 Hz in the left ear

(Table 3.)

5.1.4 Individual test-frequencies by test ear

Threshold difference between left and right ear by test-frequency within genders at the age of

80 and P-values are shown in Table 4.

Table 4. Comparisons of left minus right ear by gender and test-frequency within the cohort

of 1944 at the age of 80.
Hz 250 500 1000 2000 3000 4000 6000 8000
Mean
difference -0.57 0.68 1.19 8.92 8.17 7.33 5.81 3.86
Men
(dB)
P-value 0427 0404 0.166 <0.001* <0.001* <0.001* <0.001* <0.001%*
Mean
difference (.31 0.78 -0.38 5.64 4.61 4.14 4.61 3.76
Women
(dB)
P-value 0.597 0.222 0.524 <0.001* <0.001* <0.001* <0.001* <0.001%*

*=Statistically significant. Positive number = Left worse. Negative number = Right worse.
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Comparison between ears found statistical significance in both genders for all test-frequencies

above 1000 Hz, each to the left side’s detriment. (Table 4.)

5.2 10-year longitudinal decline in hearing (70-80 years)

The distribution of differences in PTA4, PTA-HI and at individual thresholds by test-
frequency and ear between the ages of 70 and 80 years, are presented in tables 4 through 7.
The tables contain descriptive statistics and P-values. Moreover, the decline in pure-tone

averages over the 10-year study period is visualized in figure 2.

5.2.1 Decline in pure-tone averages by gender

Descriptive statistics and P-values comparing men and women’s mean differences in pure-
tone averages (PTA4 and PTA-HI) are displayed in Table 5.

Table 5. Longitudinal comparisons between men and women’s mean differences in left and
right pure-tone averages between the ages of 70 and 80 within the cohort of 1944.

Pure-ton Mean Median
;Veerao ee Gender difference difference Std. Deviation P-value
8 (dB) (dB)
Men 10.14 10 8.65
L8l s Women 10.5 10 7.34 e
Men 11.78 11.25 8.23
EISIE, Women 12.30 11.25 7.38 ik
Men 13.67 13.33 13.29
201
RPTAHI Women 15.06 15 11.91 0.20
Men 15.35 15 10.73
LPTAHI Women 16.74 16.67 9.83 0-116

*=Statistically significant
R= right ear. L=Left ear. PTA4=Pure-tone average, frequencies 0.5, 1, 2, and 4 kHz
PTAHI=Pure-tone average, frequencies 3, 4 and 6 kHz

No significant gender differences were seen in the amount of decline in PTA4 and PTA-HI

over the ten-year period (Table 5.)
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5.2.2 Decline in pure-tone averages by test ear

Descriptive statistics and P-values for comparisons of left and right ear mean differences in
PTAs over time - within genders and in the total sample - are displayed in Table 6.

Table 6. Longitudinal comparisons of right vs. left ear mean differences in pure-tone
averages by gender and total sample between the ages of 70 and 80 within the cohort of 1944.

Pure-tone Mean Median Std.
Gender average difference difference Deviation P-value
& (dB) (dB)
RPTA4 10.14 10 8.65 0.003*
M LPTA4 11.78 11.25 8.23
n RPTAHI 13.67 13.33 13.29 0.061
LPTAHI 15.35 15 10.73 ’
RPTA4 10.75 10 7.34 <0.001*
W LPTA4 12.30 11.25 7.38
omel T RPTAHI 15.06 15 11.91 0.010%
LPTAHI 16.74 16.67 9.83 ’
RPTA4 10.48 10 7.94 0.002*
Total LPTA4 12.08 11.25 7.76
sample RPTAHI 14.45 13.33 12.54 <0.001*
LPTAHI 16.13 16.67 10.25

*=Statistically significant
R= right ear. L=Left ear. PTA4=Pure-tone average, frequencies 0.5, 1, 2, and 4 kHz
PTAHI=Pure-tone average, frequencies 3, 4 and 6 kHz

In all instances of statistical significance, the left ear was found to be worse compared to the
right. Both men and women showed significantly greater decline in left-ear PTA4 values,
while only women demonstrated a statistically significant difference between left and right
PTA-HI. Comparing left and right ear PTAs for the entire sample found statistically
significant differences in both PTA4 and PTA-HI over the timespan (Table 6).

The decline in PTAs between 70 and 80 for each gender and ear is visualized in figure 2.
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Age

70 80
15
19,1419
20 20,3878 —8—\\/R PTA4
20,7405
25 23,8075 —8—\\V/L PTA4
29,996
- 28,3058 ’ —@—\\VR PTA-HI
31,2211 31,0899
a5 32,7104 ==L PTA-HI
35,594 =8—MR PTA4
@ 40 38,3263
4 | 43,9888 43,3711 e MLPTAY
. 47,672 —=@— MR PTA-HI
52,1419 —=@— ML PTA-HI
55
60 59,3044
65

Figure 2. Longitudinal means of PTA4 and HI for right and left ear by gender and age,
cohort 1944. R= right ear. L=Left ear. W=women. M=Men. PTA4=Pure-tone average for
frequencies 0.5, 1, 2, and 4 kHz. PTAHI=Pure-tone average for frequencies 3, 4 and 6 kHz

5.2.3 Decline at individual frequencies by gender

Mean threshold differences by ear and test-frequency and p-value comparing genders between

the ages of 70 and 80 are shown in Table 7.

Table 7. Longitudinal comparison between genders’ mean differences in thresholds by test-
frequency between the ages 70 and 80 within the cohort of 1944.

Right means (dB)

Hz 250 500 1000 2000 3000 4000 6000 8000
Men 5,61 6,58 8,87 12,23 13,30 12,90 14,81 16,18
Women 5,56 7,16 8,71 11,63 13,38 15,50 16,30 16,14
P-value 0,95 0,441 | 0,855 | 0,554 0,941 0,032* 0,290 0,979
Left means (dB)
Hz 250 500 1000 2000 3000 4000 6000 8000
Men 5,69 7,64 10,19 | 14,39 14,41 14,96 16,67 16,92
Women 6,91 9,80 9,26 13,25 14,93 16,88 18,42 18,96
P-value 0,8 0,04* | 0,276 | 0,256 0,6 0,62 0,121 0,115

*=Statistically significant

Women showed statistically significantly worse thresholds in the right ear at 4000 Hz and in
the left ear at 500 Hz, while no significant differences were found for the other variables

(Table 7).



At all test frequencies, hearing thresholds were significantly higher at age 80 than at age 70 in
both men and women. (p<0.001).
5.2.4 Decline at individual frequencies by test ear

Comparisons of left vs. right ear difference in test-frequency thresholds over time within

genders are shown in Table 8.

Table 8. Longitudinal comparison of left minus right mean differences in thresholds by test-
frequency between 70 and 80 years by gender, cohort 1944.

Hz 250 500 1000 2000 3000 4000 6000 8000

Mean

difference  0.08 1.05 1.34 2.12 1.18 2.16 1.87 0.78
en

(dB)

P-value 0.896 0.119 0.053 0.017* 0.235 0.044* 0.137 0.539

Mean

difference  1.35 2.64 0.54 1.62 1.55 1.39 2.11 2.82
Women (dB)

P-value 0.004* <0.001* 0.315 0.016* 0.044* 0.061 0.022* 0.002*
*=Statistically significant. Positive number = Left worse. Negative number = Right worse.
The results showed men having statistically significantly greater longitudinal differences in
the left ear at 2000 Hz and 4000 Hz compared to the right ear. Women showed statistically
significantly worse mean differences in the left ear at all test-frequencies except 1000 Hz and

4000 Hz.

No test-frequency showed worse mean thresholds in the right ear compared to the left ear in

either gender (table 8).

6. Discussion

6.1 Introduction

The aim of this paper was to investigate longitudinal audiometric data of a single cohort of
older adults aged 70 years at baseline and 80 years at follow-up, born in 1944 and from the
Gothenburg area. The analysis consisted of describing hearing at age 80, and to evaluate
changes in hearing thresholds across the 10-year study period, at discrete test frequencies as
well as for pure-tone averages (PTA4 and HI). Additionally, the study sought to clarify
whether there are any differences between genders and/or ears for these variables. The data
that was digitized and analyzed in this paper is part of a larger multidisciplinary study which

aims to expand our knowledge of the aging individual.
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Findings that were statistically significant showed, with few exceptions, that hearing loss
within the cohort is greater in men than women and that greater hearing loss is seen in the left
ear than in the right, in fact, in no compared variable was the right ear worse off than the left.
The few instances in which women came out at a disadvantage were for some of the lower
frequencies at age 80, and when comparing the rate of change between ears, in which case

women displayed greater ear asymmetry at more frequencies than men.
6.2 Methodological discussion

6.2.1 Strengths and limitations

The strength of the results in this paper lies in its sample size and its longitudinal nature.
Although audiometric thresholds were measured in increments of 5 dB, and the distribution of
hearing thresholds being slightly skewed, the large sample size allowed for the use of means
and parametric statistics, thus making the statistical analysis more robust and less influenced
by outliers. The skewness in the data reflects the generally good hearing levels in the general
population, especially at frequencies below 3 kHz. The longitudinal nature of this study
allows for higher validity in the results mapping change over time as opposed to comparing
two different samples of different ages. The use of secondary data comes with both strength
and limitation, on the one hand it is quick, removing the arduous task of collecting primary
data and adding a layer of objectivity by removing the observer from the subjects, while on

the other hand giving the observer very little insight into the data-collection process.

One weakness lies in the secondary data of the original sample from 2014 where unobtained
thresholds were digitized as 90 dB HL with no way to differentiate an unobtained threshold
from an obtained threshold at 90 dB HL. For more accurate results these should have been
differentiated, an unobtained threshold should be marked to 95 dB HL instead; Since we can’t
measure the actual value of the threshold, we don’t know if it’s 95 or above, but what we can
say is that it’s at least >95. Marking these thresholds to 95 would allow us to accurately state
the lowest possible result. The reason for not testing at higher levels are twofold, firstly due to
the tests being automated, a potentially uncomfortable level being presented sans professional
supervision and execution is to be avoided, secondly expedience. To be able to aptly compare
the two data sets, the sample of 2025 had to mimic these parameters. Importantly this means
that all values containing an unobtained threshold are going to be lower than its lowest
possible value, this especially affects the results of the PTA-HI where an unobtained threshold
is not uncommon for these frequencies at the age of 70 and 80. In the 2014 data the threshold
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of 90 is assigned 367 times accounting for 2.05% of all thresholds for that sample, while the
80 year old sample had 445 instances of 90, accounting for 9,01% of all thresholds.

Another weakness lies in the opacity of the possible effect of cerumen impaction on the pure-
tone audiometric results. It was not uncommon for nurses to comment on large amounts of
cerumen in participants ear canals and since no bone conducted audiometry was done during
the testing, discerning a conductive factor was impossible. An effort was made to try and
compare possible cases of cerumen impaction to previous results to possibly be excluded, but
since one cannot say with certainty if the degradation in hearing was natural or affected by
cerumen, these efforts were abandoned. This is also true for the inverse, results in 2014 could
be affected by cerumen, showing an inaccurate difference between ages, even resulting in
numerically negative differences, which between the span of ten years, 70 to 80, would be
highly unlikely to be a naturally occurring phenomenon. A potential source of mal-influence
on the raw data to be considered could lie in the test-scheduling (Appendix 4.). Since the
audiological examinations are positioned towards the end of a full day of testing, fatigue
could have some influence on the audiometric results. In future testing, a change in test-
scheduling where tests requiring active participation are placed earlier in the day could be of

influence on the test results reliability.

6.2.2 Weaknesses in statistical analysis

The statistical analysis used for all comparisons in this study is the parametric Student’s t-test,
however, since hearing thresholds are discrete and not limitless, Mann Whitney-U would
perhaps have been a more apt tool for analysis. Furthermore, a phenomenon that this study
runs in to is the “multiple comparisons problem”, where the number of statistical tests
performed on a dataset snowballs the chance of type I errors, or family-wise error rate
(FWER). A way of preempting this would have been to set a lower alpha using the
“Bonferroni correction” where the alpha level (0.05) is divided by the number of tests run on

the dataset to create a more conservative alpha level, minimizing the FWER.

6.2.3 Digitization of audiogram thresholds

Manual digitization brings with it the possibility of random errors occurring in the data
throughout its transference. Minimizing errors, random and/or systematic, is imperative in
retaining data integrity. In this paper, in order to decrease instances of random errors due to

operator fatigue, digitization was limited to 1 hour followed by a break.
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6.2.4 Sample selection and representativity

There are many factors to consider in the representativeness of the sample selection. It is
possible that for some people at the age of 70 or 80, a task like this could be an impossibility
due to health issues or severe hearing loss, causing a selection bias towards healthier citizens.
This is possibly especially true for the data collected at 80. Between the initial testing in 2014
and the latest in 2025 the world experienced the COVID19-pandemic, in Sweden age groups
70 and above was most effected, representing 88% of all deaths in the country
(Socialstyrelsen, 2024.); it would be difficult to argue that this had no influence on the
composition of the sample. A presumption could be made that the remaining participating
sample in 2025 would be non-representatively healthy among their peers. Another factor is
self-selection bias. In The Oslo Health Study (Segaard et al., 2004), it was shown that
response rates were positively associated with, among other things, education, total income,
living in the outer city residential regions and not receiving disability benefits. As shown by
Sixt and Rosenhall (1997), this factor could further bias samples toward better hearing
citizens. Even though the two samples included in the present study are large, any
generalizability of the results to populations in general would require even larger sample sizes

and possibly statistical weighting to ensure accurate representation.

6.2.5 Ethical considerations

One of the foundational research ethical prerequisites put forth by the Swedish council of

science is the prerequisite of confidentiality that states (translated from Swedish):

“All records concerning identifyable individuals shall be noted, stored and debriefed in a way
that singular individuals are not able to be identified by an external party. This pertaines
especially to information that could be considered ethically sensitive. This means that it should

be practically impossible for a third party to access the information” (Vetenskapsradet, 2002).

To ensure third party anonymity in the participants, personal information tying tests to the
individual were replaced with pseudonymization numbers. Pseudonymity differs from
anonymity in that it can be reversed, the key to allowing this reversal is kept at Gothenburg

university; the author has no access to this key.
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6.3 Results discussion

6.3.1 Descriptive statistics and comparisons of the follow-up at 80 years

Asking the question, are there gender differences in thresholds, PTA4 and HI at the age of 80
in the cohort of 1944 and are there differences between the left and right ear, findings showed,
for almost all variables, the left ear to fare worse than the right and men being affected to a
larger extent than women by high frequency hearing loss at this age. This could be due to a
multitude of factors, such as different effects of gender-hormones on hearing, differences in
noise exposure between genders, gender-specific prevalence of smoking etc. (Helzner et al.,
2005). Is also important to note that the analyses conducted in the present study were purely
descriptive, not adjusting for any potential confounding factors. Therefore, the observed
differences should be interpreted cautiously. Previous research by Hoff et al. (2018) on this
cohort found that the prevalence of hearing loss at 70 over four decades had decreased,
women dropped from 37 to 23 percent while the prevalence of hearing for men had dropped
from 53 to 28 percent over the same time span, this could be due to a diminished exposure to
occupational noise. Simply put, men’s hearing being worse than women’s is not a new

phenomenon unearthed in this thesis.

6.3.2 Longitudinal results comparing cohort 1944 at 70 vs. 80.

Asking the question, are there gender differences in changes in thresholds, PTA4 and HI
between the ages of 70 and 80 and are there differences between the left and right ear, results
in this study showed no significant difference in mean changes between genders for any of the
PTAs, meaning, even though men in general had worse test results than women, between the
ten year span they seem to be degrading at an equal rate. Comparing longitudinal differences
in mean changes between left and right ear PTAs showed the left at a disadvantage for both
PTAs in all categories, men, women and group, meaning left ears saw a larger degradation
than the right. This is a reoccurring theme that as a clinician could be important to keep in
mind when it comes to findings of asymmetrical hearing in elderly patients and referrals to
ENT as mentioned by Hoff et al. (2020). Perhaps deeper analysis of left-ear disadvantages
could inform changes in future referral guidelines concerning left-sided asymmetries,

preventing unnecessary referral and workload of ENTs.

A comparison of left vs. right mean threshold change by test frequency, showed women with
a significant difference in all but one test frequency to the left side’s detriment, whereas men

only saw a significant left-side disadvantage for 2k and 4k Hz. Overall threshold differences
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between 70 and 80 for both genders saw a quicker degradation as test test-frequencies rose.
The reasons for this are complex and multi factorial, but one factor is the deterioration/loss of
hair cells in the basal region of the basilar membrane where hair cells responsible for high
frequency sound are located. Findings in postmortem cochlea showed a deterioration of hair
cells at the basal part of the basilar membrane in individuals whose audiogram comports to
sloping, high frequency hearing loss consistent with the configuration of presbyacusis. (Gacek
& Schuknecht, 1969)

A significant difference was found in the lower frequencies when comparing mean thresholds
by test frequency between sexes, finding women at a disadvantage. This echoes previous
research by Pedersen et al. (1989), where older women in an earlier cohort (born 1902)
followed through ages 70, 75, 79 and 81 had numerically worse left median thresholds
(significance comparing gender not reported) in lower frequencies until somewhere around
the 1000 Hz mark, men’s thresholds surpasses the women’s; a comparison of means from
Pedersen et al. those of the 80 year olds of cohort 1944 was made highlighting this in Table 8.

Table 8. Side by side comparison of left ear test-frequency threshold means at ages 79 and 81
in cohort 1902 and age 80 in cohort of 1944 by gender.

Left ear frequencies (Hz)

Age 250 500 1000 2000 4000 8000
(born)
79 (1902) | 24.1 21.1 235 42.5 65.4 783
Men | 80(2025) | 15,0 18,5 235 41,5 61,6 78,9
81(1902) | 232 23.1 33.4 50.6 69.8 83.6
79 (1902) | 269 24.9 24.1 397 54.8 65.8
Women | 80 (2025) | 1734 | 2199 | 24,07 3781 46,69 71,48
81(1902) | 254 28.9 313 37.8 55.4 702

Red shading marks instances of women’s means being numerically worse than their male
counterparts. Blue shading marks instances of men’s means being numerically worse than
their female counterparts. Means for cohort of 1902 taken from 50™ percentile results of table
1. Pedersen et al. (1989)

6.4 Standard deviation and age-related hearing loss

The highly individual nature of age-related hearing loss can be seen reflected in the result’s
large standard deviations. In order to put the results in perspective, any mean value should be
read with large standard deviations in mind to ground it in reality as it pertains to individual
generalizability; this is not a bug but a feature, reflecting the width of the effects of factors

other than chronological age on age-related hearing loss.
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6.5 Sustainability through prevention

Globally the number of individuals with hearing loss is on the rise as population
demographics shift towards an increasingly large elderly composition. Governments are faced
with addressing an ever-rising demand for audiological rehabilitation with prognoses showing
1 in every 14" person living with hearing loss, moderate or greater, by 2050 (World health
organization, 2021). The impact and demand on tertiary prevention, such as audiological
rehabilitation, and its cost on societies are going to be directly influenced by secondary
prevention. Age-related hearing loss is multifactorial and cumulative, as Gates and Mills
(2005) put it, “a lifetime of insults to the auditory system”, meaning preventative measures is
vital in reducing the impact of hearing loss on a societal level. An example of this can be seen
in the introduction of a Hearing conservation program (HCP) within the Swedish army in
2002 which saw incidence rate of threshold shifts of 15 dB or more during military service go
from 7,9% to 2,3% (Mubhr et al., 2016). Similar results were found by Johansson and Arlinger
(2001) when comparing male hearing loss over time in occupations with high noise exposure
and use of hearing protectors at work. And, as previously mentioned, findings by Hoff et al.
(2018) showing a decrease in prevalence of hearing loss (especially men) in the birth cohort
of 1944 as compared to earlier born cohorts. In a press release (Horselskadades Riksforbund,
2025) by the Swedish national association of the hearing impaired (Horselskadades
Riksforbund, HRF), its president Jonas Sahlberg said (translated from Swedish) “Every crown
spent today on hearing care contributes to a decrease in health costs tomorrow.” Since the
findings of untreated hearing loss, meaning loss without the use of hearing aids, was found to
be a risk factor in developing dementia (Livingston et al., 2020), HRF proposes preventive
measures in the form of a national screening program for everyone at the age of 50 in order to

identify hearing loss’s in individuals early, reducing the risk of developing dementia.

WHO has designed a hearing care package, a guide for governments to adapt, aptly named
H.E.A.R.ILN.G, which stands for Hearing screening and intervention, Ear disease and
management, Access to technologies, Rehabilitation services, Improved communication,
Noise reduction, Greater community engagement. If 50% of this intervention package was to
be implemented globally, WHO projects that for every dollar spent would bring a return of
15,8 dollars. (World health organization, 2021.)
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7. Conclusions

7.1 Are there gender differences in thresholds, PTA4 and HI at the age of
80 in the cohort of 1944 and are there differences between the left and right
ear?

Statistical significance was found in all PTAs except PTA4 for the right ear, in all cases men
fared worse than women. Comparing test-frequency threshold by gender showed men worse
in the right ear for 3, 4, 6 and 8 kHz and 2, 3, 4, 6 and 8 kHz in the left, while women’s
thresholds were worse for 0.5 kHz in the right ear and 0.25 and 0.5 kHz in the left.
Comparison of left and right ear showed left ear significantly worse for test-frequencies 2, 3,
4, 6 and 8 kHz in both men and women. Left PTA4 and HI were found to be worse than right
in both genders.

7.2 Are there gender differences in changes in thresholds, PTA4 and HI
between the ages of 70 and 80 and are there differences between the left and
right ear?

No significance was found between genders when comparing changes in PTAs over the time
frame. Comparing by test-frequency thresholds changes over time showed men worse for 4
kHz and women worse in 0,5 kHz. When comparing left vs. right ear over time saw the left

ear worse for 2 and 4 kHz in men, and women’s left ears was found worse than for

frequencies 0.25, 0.5, 2, 6 and 8 kHz.

7.3 Summation of conclusions

The findings in this study showed no significant difference in PTA change between the ages
of 70 and 80 across genders, meaning they are seemingly degrading at an equal tempo;
however, men’s hearing was worse from the outset. In all instances of significance comparing
ears, the results of the left ear were found worse and interestingly, the left ear of women had
more instances of significance in change over time compared to men, meaning, for most

frequencies women'’s left ear are degrading quicker than the right.

These results can widen understanding of differentiating hearing factors between genders and
between left and right ear in an elderly population, perhaps informing amendments to current

guidelines about referral in findings of asymmetric hearing in the elderly.

24



7.4 Further research

The wide range in results depicted in its large standard of deviation is tell-tale of factors other
than chronological age and gender factoring into age-related hearing loss. Further research
comparing the results of this paper, grouping cases by results and cross-referencing other
factors, perhaps within the H-70 study data set, could expand knowledge as to the effects of
specific factors on age-related hearing loss, further mapping comorbidities, inform
preventative measures and more. For instance, are there correlations between certain

comorbidities and an accelerated age-related hearing loss and, to what effect?

In this paper findings showed that a left-ear disadvantage was apparent. What appears to be an
untapped vein is the causality of this. Furter research on why the left ear sees a larger

deterioration than its counterpart is needed.
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9. Appendix

Appendix 1. Figure C.1 — Median values of expected hearing threshold deviation for males
(upper panel) and females (lower panel). From ISO 7029:2017(E)
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Appendix 2. Table 2. Approximate pure tone levels in dB HL at 2, 4, and 8 kHz, collected
from seven epidemiological studies, at 70 - 80 years of age, and 80+ years. From Rosenhall

and Mao-1i (2007)

Table 2. Approximate pure tone levels in dB HL at 2, 4, and 8 kHz, collected from seven epidemiological
studies, at 70 — 80 years of age, and 80+ years

2 kHz, dB HL 4 kHz, dB HL 8 kHz, dB HL
Men 35-40 60 - 65 70-175
70 — 80 years
Women 30 40-45 60 - 65
Men 50-55 T0-75 80 -85
80+ years
Women 40-45 55 - 60 75 -80

30



Hearing threshold: in
better hearing ear in

Report on Hearing (World Health Organization, 2021.)

Hearing experience in a
quiet environment for

Appendix 3. Table 1.3 Grades of hearing loss and related hearing experience. From World

Hearing experience in a
noisy environment for

Grade decibels (dB) meost adults most adults
MNormal hearing Less than 20 dB Mo problem hearing No or minimal problem
sounds hearing sounds
Mild hearing loss 20 to = 35 dB Does not have problems May have difficulty hearing
hearing conversational conversational speech
speech
Moderate 35to<=50dB May have difficulty hearing  Difficulty hearing and taking
hearing loss conversational speech part in corversation
Moderately 50to =65 dB Difficulty hearing Difficulty hearing most
severe hearing conversational speech; can  speech and taking partin
loss hear raised voices without  conversation
difficulty
Severe hearing 65 to < B0 dB Does not hear most Extremne difficulty hearing
loss conversational speech; speech and taking partin
may have difficulty hearing  conversation
and understanding raised
voices
Profound 80 to < 95dB Extreme difficulty hearing Conversational speech
hearing loss raised voices cannot be heard
Complete or 95 dB or greater Cannot hear speech Cannot hear speech and
total hearing and most environmental most environmental sounds
loss/deafness sounds
Unilateral = 20 dB in the better May not have problem May have difficulty hearing

ear, 35 dB or greater in

the worse ear

unless sound is near the
poorer hearing ear. May
have difficulty in locating
sounds

speech and taking partin
conversation, and in locating
sounds

The classification and grades are for epidemiological use and applicable to adults. The following points must be kept in mind while applying

this classification:

= While audiometric descriptors (c.g. category, pure-tone average) provide a useful summary of an individual's hearing thresholds, they
should not be used as the sale determinant in the assessment of disability or the provision of intervention(s) including hearing aids or

cochlear implants.

= The ability to detect pure tones using earphones in a guict environment is not, in itself, a reliable indicator of hearing disability.

Audiometric descriptors alone should not be used as the measure of difficulty experienced with communication in background noise, the
primary complaint of individuals with hearing loss.

Unilateral hearing loss can pase a significant challenge for an individual at any level of asymmetry. It therefare requires suitable attention
and intervention based on the difficulty experienced by the person.

“Hearing threshold® refers to the minimum sound intensity that an ear can detect as an average of values at 500, 1000, 2000, 4000 Hz in
the better ear (148, 156, 157
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Appendix 4. Study protocol for the H70-study 2014-16 (Rydberg Sterner, 2019)

| PROTOCOL |
General e Additional
examinations examinations
Blood sampling 00| cocmmooo | 4[ Close informant interview ]
Weight and length measure i .
I 1
- |\i Breakfast i —[ Dietary examination l
Interview | b
General health ST —
Medications [ Body composition ]
\ Functional ahl]]t}]-’ and disability PO —— ]
¢~ Examination and tests ™ [
Blood pressure
ECG | Ophthalmic cxamination |
Lung function :
Body cam_pvumtmn_ i Brain imaging examination
‘_Ophthalmic t:xa.rTlmatlon S (CT/MRI)
(" Interview and tests R |
Social factors and family history [ Cerebrospinal fluid (CSF) 1
Psychiatric examination [mm————————— o sampling
Clinical cognitive examination | |
e : A 1
r.J ! Lunch i —[ Qualitative studies ]
i Self-rating questionnaires® o i
ettt sttt ettt el A SR ]
Interview and tests
Fitness and physical activity
|
Test : ———————————— 1
Audiological examinati 1
= | Coffec |
I H . ?
Interview and tesis 0ol with “Ska i
Psychometric cognitive R !
examination P,

*Could be filled out during breaks or al home
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