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Abstract

Introduction: Hearing loss has been shown to be associated with both negative health outcomes
and low socioeconomic position, including lower income. Despite this, a thorough review of the
existing literature on this relationship has not yet been performed.

Objective: To evaluate available literature on the possible association between income and
adult-onset hearing loss.

Design: A search was conducted in eight databases for all relevant literature using terms focused
on hearing loss and income. Manuscripts reporting the presence or absence of an association
between income and hearing loss; full-text English-language access; and a predominantly adult
population (=18 years old) were eligible. The Newcastle-Ottawa quality assessment scale was used
to assess risk of bias.

Results: The initial literature search yielded 2,994 references with 3 additional sources added
through citation searching. After duplicate removal, 2,355 articles underwent title and abstract
screening. This yielded 161 articles eligible for full-text review resulting in 46 articles that were
included in qualitative synthesis. Of the included studies, 41 out of 46 articles found an association
between income and adult-onset hearing loss. Due to heterogeneity among study designs, a
meta-analysis was not performed.
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Conclusions: The available literature consistently supports an association between income and
adult-onset hearing loss but is limited entirely to cross-sectional studies with the directionality
remaining unknown. An aging population and the negative health outcomes associated with
hearing loss, emphasize the importance of understanding and addressing the role of social
determinants of health in the prevention and management of hearing loss.

INTRODUCTION

Over 1.5 billion people globally experience some degree of hearing loss (World report on
hearing. Geneva: World Health Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.).
Adult-onset hearing loss, including age-related, make up the majority of hearing loss. The
prevalence of hearing loss increases with age. Approximately two in three people in the
United States aged 70 years and older have hearing loss, and this increases to more than
80% among individuals aged 80 years and older (Lin et al., 2011). Moreover, with an aging
global population, the number of persons experiencing hearing loss of at least a mild severity
is estimated to increase to nearly 2.5 billion people by 2050 (World report on hearing.
Geneva: World Health Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.). Considering
a life course perspective, hearing loss is independently associated with a variety of negative
health outcomes (Genther et al., 2013; Genther et al., 2015; Shukla et al., 2021; Uhlmann

et al., 1989), including increased incident of dementia (Uhlmann et al., 1989), increased
mortality risk (Genther et al., 2015), increased risk of hospitalization (Genther et al., 2013),
depression (Li et al., 2014; Shukla et al., 2021) and accelerated cognitive decline (Lin et al.,
2013). Hearing loss has also been associated with reduced school performance (Le Clercq et
al., 2019), increased risk of unemployment or underemployment (Emmett & Francis, 2015),
lower wages (He et al., 2018), and earlier retirement (Anne-Sofie Helvik et al., 2013).

Beyond hearing loss, multiple factors contribute to the health status of individuals. The
Centers for Disease Control and Prevention (CDC) organizes determinants of health into
five broad categories: genetics, behavior, environmental and physical influences as well
as medical care and social factors. Importantly, these five categories often interconnect.
Social determinants of health references the economic and social conditions that influence
the health status of individuals and groups, including socioeconomic position (Social
Determinants of Health | NCHHSTP | CDC). Factors that influence an individual’s
socioeconomic position include, but are not limited to, such individual-level factors as
education, occupation, and income (Social Determinants of Health | NCHHSTP | CDC).
Broadly, lower income, in particular, is associated with worse access to, utilization of,
and quality of health care, which correlates to poorer health status (Andersen et al., 2002;
National Academies of Sciences, Engineering, and Medicine et al., 2018; Schoen et al.,
2013).

Similar to overall health, hearing health has also been associated with socioeconomic
position. Hearing loss has been shown to be independently associated with unemployment
and underemployment (Emmett & Francis, 2015), increased odds of lower occupation class
(He et al., 2018), and increased odds of disability pension (Anne-Sofie Helvik et al., 2013).
Current literature uses diverse methodologies and demonstrates varying results. Therefore,
we sought to examine the potential association between hearing loss and income among
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individuals with adult-onset hearing loss to determine if there was a consensus among the
literature.

This systematic review follows reporting guidelines suggested by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Two informationists
constructed and performed the search strategy in consultation with the research team. A
pilot search through a total of eight databases (PubMed (NCBI), Embase (Elsevier), The
Cochrane Library (Wiley), AB/INFORM Collection (EBSCO), Business Source Ultimate
(EBSCO), Web of Science (Clarivate), Scopus (Elsevier), and PsycINFO (EBSCQ)) was
run utilizing controlled vocabulary, such as MeSH and Emtree, where appropriate, in
combination with the keyword terms related to the concepts of income and hearing loss.
The searches were limited to the English language only. No date range limit was applied
to the results. The original literature search was conducted on October 15, 2018 and an
updated search was run on February 8, 2021. A complete search strategy is available in
Supplemental Table 1.

The literature search yielded 5,334 references, and 3 additional sources were added
through reference review. Using Covidence (EMK Capital; London, United Kingdom)
2,982 duplicates were removed, 2,355 publications underwent title and abstract screening,
resulting in 161 articles eligible for full text-review, including 3 records obtained from
reference review. During the screening process, two independent reviewers screened the
title and abstract of each article according to the inclusion and exclusion criteria. Inclusion
criteria aimed to include papers, 1) that examined the association between adult-onset
hearing loss in relation to income or socioeconomic position, 2) focused on an adult
population (defined as 18 years of age or older), 3) written in English, and 4) with

full-text available. Exclusion criteria included 1) written in a non-English language 2) a
predominantly pediatric population focus (<18 years old), 3) a focus on congenital hearing
loss, and 4) unavailable full texts. Each record was assigned a “Yes”, “No”, or “Maybe”
response by both reviewers. Any conflicts between responses were resolved by a third team
member. All “Yes” and “Maybe” articles (n=161) underwent full-text review, and all records
assigned “No” responses were excluded.

The full-text review was conducted by the same two reviewers using the same inclusion
and exclusion criteria as the title and abstract screening process. The remaining records
were subject to a rigorous full-text review to assess the record for eligibility. Records were
assigned a status of ineligible and excluded due to reasons including 1) wrong outcomes,
2) wrong comparator, 3) not a full-text article (i.e., conference posters or abstracts), 4)
wrong study design, and 5) focus on a pediatric population. Wrong outcomes were defined
as outcomes that did not evaluate income. Wrong comparators were defined as studies that
did not compare adults with adult-onset hearing loss to those without hearing loss. Wrong
study design was defined as studies that were descriptive and did not include a comparison
of income between adults with adult-onset hearing loss and those without hearing loss. The
remaining records were included in this systematic review on adult-onset hearing loss and
income, and extraction was performed by the two independent reviewers. During extraction,
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the two reviewers rated the study quality using the Newcastle-Ottawa Quality Assessment
Scale adapted for cross-sectional studies (PA Modesti et al, 2016). Points were assigned
according to the checklist. A third reviewer resolved discrepancies until consensus was
obtained. Due to heterogeneity among study designs, a meta-analysis was not performed.

RESULTS

After full-text review, 46 total articles met the inclusion criteria (Figure 1). Of the included
articles, 42 measured the association between income and hearing loss as their primary
focus, while for four other papers the association between hearing loss and income was a
secondary outcome.

The way in which hearing loss and income were measured and defined varied across

studies. Hearing loss was measured through either audiometric testing of pure-tone averages
(n=24) or via subjective measures, including self-report (n=22). Among studies that included
audiometric data, the definition of hearing loss varied between studies. Income was
measured via self-reported measures across all studies but was defined in a variety of ways.
Some studies presented income as a categorical variable and others presented income as a
continuous variable.

We examined the setting of the included studies, where 31 countries were represented
across the 46 manuscripts, some of which can be found in Supplemental Table 2. A total

of 36 studies were performed in high-income countries as determined by 7he World Bank
(World Bank Country and Lending Groups. 2021), 7 studies were located in countries
classified as upper-middle income countries and 2 studies were performed in lower middle-
income countries. Specifically, in North America, the majority of studies were based in the
United States (n=19) and Canada (n=2). The remainder of articles included 8 located in
Europe (with England/UK [n=4], Sweden [n=1], Netherlands [n=1], Germany [n=1], and
multi-country European locations [n=1]). Another 2 articles came from the Oceania region,
with Australia being the sole location. In Asia, 1 study was performed in the Philippines,
another in Bangladesh, 1 in Japan, another in Malaysia, 4 in South Korea, and 4 in China. In
Central and South America, a total of 3 studies were performed in Guatemala (n=1), Brazil
(n=1), and Chile (n=1).

Data regarding ethnicity varied greatly across all studies with only nine studies reporting
data on the self-identified ethnicity of participants. Of the nine studies that reported data on
ethnicity, 8 of these studies were based in the United States and inclusion of participants
who self-identify as racial or ethnic minorities was limited. Regarding sex, study cohorts
ranged from 30% to 63% of participants who self-identified as female.

All studies were cross-sectional in design, and all analyzed large population-based data sets
(n>1000) with the exception of single study by Spreckley et al (Spreckley et al., 2020)
(n=441). Of the included studies, 41 found an association between income and hearing loss,
and 5 found there was no association between hearing loss and income.

The Newcastle-Ottawa Scale Assessment was used to assess the quality of the included
studies, where possible scores ranged 0 — 9. The scores for the included studies ranged
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from the lowest score of 5 to the highest score of 9. For the purposes of this review, a

score of 5 or less was classified as low quality, 67 as medium quality, and 8 or higher

as high quality (Smithson & Mitchell, 2018). Four studies were determined to be low
quality, with a score of 5. Twenty-six studies were determined to be of medium quality

with scores of 6 or 7. Sixteen studies were determined to be of high quality with eleven

of these receiving a quality score of 8 and five studies receiving a score of 9. The highest
quality studies are highlighted in Supplemental Table 2. All studies adjusted for age which
is a known non-modifiable risk factor for hearing loss (Daniel, 2007). Nearly half of the
included studies (twenty out of forty-six, 43.5%) adjusted for education, which is a known
confounding variable for income (Michael Grossman, 1972). Out of the studies that adjusted
for education, only seven were nationally representative with the primary focus being on
hearing loss and income (Table 1). Six out of the seven of these studies found an association
between income and hearing loss. Among the highest quality studies (Newcastle-Ottawa
Scale Assessment =8), eleven studies included audiometric testing and nine of the eleven
found an association between lower income and audiometric hearing loss (Table 2).

Of the 41 studies that found an association between income and adult-onset hearing loss,
nine of those studies examined differences in the association of adult-onset hearing loss and
income by sex or gender (Table 3). Of the nine studies analyzing sex or gender differences,
six found significant differences. Of these nine, four studies found the association between
income and hearing loss was greater for men or males (Fukui et al., 2018; Lee et al.,

2015; Scholes et al., 2018; Tsimpida et al., 2019). In contrast, in Hasson et al, the authors
looked at gender differences and found that among non-working respondents, the association
between socioeconomic position (including income in their measure) and hearing difficulty
is significant only among women after adjusting for age (Hasson et al., 2010). Barnartt and
Altman examined gender differences and found that both men and women with hearing
loss had higher wages than did men in the general population (Barnartt & Altman, 1997).
However, between men and women, women with hearing loss earned less than men with
hearing loss (Barnartt & Altman, 1997). The remaining two studies examined gender
differences in the association between income and hearing loss but found no significant
difference.

DISCUSSION

To our knowledge, this is the first systematic review to characterize the association

between income and adult-onset hearing loss. The available literature is limited in study
design with all included studies cross-sectional in nature. The literature, however, varied

in demographics, definitions, and statistical methodology as reflected by the adapted
Newecastle-Ottawa Scores. Of the included studies, almost all studies (41/46) supported

an association between income and hearing loss. Of the sixteen most rigorous studies
(Newcastle-Ottawa score =8), fourteen out of sixteen demonstrated an association between
lower income and hearing loss. Among the highest quality studies that included audiometric
testing, nine of eleven studies found an association between lower income and hearing

loss. There was a total of seven studies that were nationally representative, controlled for
education and had a primary focus on hearing loss and income. Six out of the seven of these
highest-quality studies found an association between lower income and hearing loss. The
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observed relationship remained significant after adjusting for a variety of sociodemographic
variables, including age and sex, which were adjusted for across all seven studies. All
studies included a large sample size of >1000 participants.

In this systematic review, we found a preponderance of studies with results demonstrating
that lower income is associated with hearing loss. We are unable to infer causality due to

the cross-sectional nature of the available studies, and the directionality of the association
between income and hearing loss is unknown. There are several possible mechanisms
underlying the association between hearing loss and income. One potential mechanism

is those of lower income are more likely to live and work in areas with greater noise
exposure (Cruickshanks et al., 2010). Previous study findings show that workers of low
socioeconomic position are more likely to be employed in dangerous jobs and less likely

to have access to safety equipment and other industrial protection (Verma et al., 2011).
Alternatively, those with low incomes may be at increased risk of exposure to environmental
factors contributing to hearing loss, such as greater recreational noise exposure (Feder et

al., 2017; John H. Mills & Jacquelyn A. Going, 1982), ototoxic drugs (John H. Mills &
Jacquelyn A. Going, 1982), and/or viral and bacterial infections (John H. Mills & Jacquelyn
A. Going, 1982) resulting in increased rates of hearing loss. Another potential mechanism of
the relationship between income and hearing loss, in this direction, is a potential lack and/or
delay in hearing care among individuals of lower socioeconomic position due to cost barriers
(Mcmaughan et al., 2020).

Alternatively, it is possible the relationship between income and hearing loss is related
primarily to hearing loss. Individuals with hearing loss may have greater difficulty and/or

do not receive proper accommodations in the workplace resulting in lost wages (Kramer et
al., 2006). Individuals with hearing loss report significantly less “control” in the workplace,
higher effort required during listening, and more frequent sick leave due to distress than
colleagues without hearing loss (Kramer et al., 2006). More research in this area is critical to
understanding the mechanisms by which income is related to hearing loss.

Importantly, while there were a wide variety of countries represented in this review, there
was notable absence of sufficient data on ethnicity. Only nine of the included 46 studies
reported the ethnicity of participants. A previous systematic review that examined racial and
ethnic representation in clinical trials related to hearing loss management in adults found a
similar paucity (Pittman et al., 2021). The lack of data on ethnicity in the included studies
highlights the ongoing need for hearing-related research that represents the diversity of
populations.

Gender and/or sex may also play a role in the association between income and hearing loss.
Nine studies examined these differences with eight focusing on what the authors labeled
either gender or sex differences. Five studies found an association between lower income
and hearing loss among men but not among women or that the association was greater

for men rather than women. As a potential mechanism, men may take more “gendered
jobs”, such as factory, military, or construction jobs, which continue to be primarily male-
dominated occupations in addition to being some of the loudest (2019 Demographics:
Profile of the Military Community.2019; Labor Force Statistics from the Current Population
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Survey. 2021; Laughlin & Christnacht, 2017). Furthermore, there is an overrepresentation
of women in professions that are at the lower end of the pay scale, of the 15 million
low-wage workers more than two-thirds are women even though women are less than

half of the overall workforce(Morrison & Gallagher Robbins, 2015). Alternatively, it may
be the case that sex-based differences may be attributable to the protective nature of
estrogens (Caruso et al., 2003; Sohrabyji et al., 1995). One major effect of estrogens on

the central nervous system is to protect against cell death by itself or by interacting with
neutrophils or neurotransmitters (Sohrabji et al., 1995). It has also been demonstrated that
estradiol plays a role in regulating hearing sensitivity and perception in females, specifically
changes in auditory perception and auditory latencies are susceptible to the menstrual cycle
(Caruso et al., 2003). Sex-based differences may aid in understanding the directionality

of the association between hearing loss and income. Importantly, however, there was
inconsistency in the language employed regarding what the authors meant to encompass
with their terminology surrounding sex or gender differences. Four studies found no gender
differences. Hasson et al. found among non-working respondents, the association between
socioeconomic position and hearing problems is significant only in women when adjusting
for age. With mixed results on gender and sex differences, further investigation is needed.
Importantly, sex and gender were often used interchangeably among included studies. Due
to this, many of these papers lacked clarity in whether they were actually measuring sex

or gender differences and highlight the need for greater precision in examining sex and/or
gender-based differences.

Within the available literature, hearing loss was not uniformly defined across all studies,
being a mixture of utilizing the World Health Organization (WHO) criteria of pure tone
average of > 25 dB or using self-reported measures. Self-report for hearing data can

be influenced by recall, social desirability biases, or differing interpretation of questions
due to current disability status and experience with disability as well as by demographic
factors (Coyle et al., 2017; El-Gasim et al., 2012; Schwartz et al., 2007). Several studies
show that self-report may not be a direct measure of health status (Coyle et al., 2017;
El-Gasim et al., 2012; Schwartz et al., 2007), because of this it may be beneficial for future
studies to preferentially consider audiometric testing. Furthermore, there was variability

in how income was defined. While income was self-reported across all studies, some

used categorical definitions of low, middle, and high income, some used classifications

of socioeconomic position that included income, and others used poverty-to-income ratios.
Based on self-reported data, there is the risk of recall or reporting bias (Althubaiti, 2016).
Future studies may benefit from combining administrative data with survey data to measure
income, particularly among nationally representative studies. For example, income could be
measured using statistical records derived from tax returns at the Statistics of Income (SOI)
Division of the Internal Revenue Service in conjunction with survey responses for income
classification (Bricker et al., 2015).

Notably, though there were high, upper middle, and lower middle-income countries
represented, the included studies lacked data from countries considered to be low income.
The lack of studies in low-income countries may be due to our review limiting itself
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to income, rather than socioeconomic position more broadly, and leaving out literature
that may originate in settings where measures of wealth depend on other aspects, such

as assets, social exchanges, and other livelihood activities (Braithwaite & Mont, 2009).
Future research may be more inclusive by examining the association between socioeconomic
position and hearing loss and incorporating broader measures that consider additional
aspects beyond income, such as housing or access to running water. Regardless, more
research is needed in low-income country settings to examine the relationship between
income and hearing loss across the spectrum of countries. Additionally, since all the
studies examined used cross-sectional data, we are unable to draw conclusions related to
causality or underlying mechanisms. More longitudinal studies are necessary to examine
directionality and better characterize the relationship between income and hearing status.

Additional research is also needed to determine ways to reduce or eliminate the potential
socioeconomic effects of hearing loss, whether through policy interventions, clinical
approaches, or behavior-modifying interventions. It is paramount that income, as a social
determinant to hearing health which is also in turn associated with many other negative
health outcomes (Genther et al., 2013; Genther et al., 2015; Li et al., 2014; Lin et al., 2013;
Uhlmann et al., 1989), be addressed. The recent COVID-19 pandemic has not only exposed
health inequities but exacerbated them (Jensen et al., 2021). Reducing or eliminating the
socioeconomic effects of hearing loss would only help in working toward greater health
equity. With the expected rise in hearing loss due to the growing and aging world population
(World report on hearing. Geneva: World Health Organization; 2021. Licence: CC BY-NC-
SA 3.0 IGO.), it is especially urgent.

Conclusions and Implications

Overall, current literature on the association between adult-onset hearing loss and income
consistently supports an association. Due to its prevalence and association with negative
health outcomes, hearing loss is increasingly recognized as a public health priority. Income
influences health (Angus S. Deaton & Christina H. Paxson, 1998) and the existing literature
suggests another example of income acting as a social determinant with another aspect

of health - hearing. With a growing and aging population, the urgency in addressing this

is high. Ultimately, more research is needed in 1) gathering longitudinal data, including
studies based within low-income countries in order to better understand the mechanisms
underlying this relationship and 2) in determining ways to reduce or eliminate the potential
socioeconomic effects of hearing loss.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

GRANT SUPPORT:

This study was supported in part by the National Institutes of Health (K23AG059900 to C.N.).

The funders had no role in interpreting the findings.

Ear Hear. Author manuscript; available in PMC 2024 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mossman et al.

Page 9

CONFLICTS OF INTEREST:

C. L. Nieman reports serving as a volunteer nonprofit board member for the Hearing Loss Association of America
and Access HEARS. N.S. Reed reports grants from the National Institute on Aging (K23AG065443), consulting
fees from Helen of Troy, and being a scientific advisory board member (no financial relationship) of Good Machine
Studio.

References

2019 Demographics: Profile of the Military Community. (2019). ().Office of the Deputy Assistant
Secretary of Defense for Military Community and Family Policy.

Althubaiti A. (2016). Information bias in health research: definition, pitfalls, and adjustment methods.
Journal of Multidisciplinary Healthcare, 9(1), 211-217. 10.2147/JMDH.S104807 [PubMed:
27217764]

Andersen RM, Yu H, Wyn R, Davidson PL, Brown ER, & Teleki S. (2002). Access to Medical Care
for Low-Income Persons: How do Communities Make a Difference? Medical Care Research and
Review, 59(4), 384-411. 10.1177/107755802237808 [PubMed: 12508702]

Deaton Angus S., & Paxson Christina H.. (1998). Aging and Inequality in Income and Health. The
American Economic Review, 88(2), 248-253. https://www.jstor.org/stable/116928

Helvik Anne-Sofie, Krokstad Steinar, & Tambs Kristian. (2013). Hearing loss and the risk of disability
pension in Norway: The Hunt Study. Scandinavian Journal of Public Health, 41(8), 818-824.
10.1177/1403494813498004 [PubMed: 23868491]

Barnartt SN, & Altman BM (1997). Predictors of Wages: Comparisons by Gender
and Type of Impairment. Journal of Disability and Policy Studies, 8(1-2), 51-73.
doi:10.1177/104420739700800204

Braithwaite J, & Mont D. (2009). Disability and poverty: A survey of World Bank Poverty
Assessments and implications. Alter, 3(3), 219-232. 10.1016/j.alter.2008.10.002

Bricker J, Henriques AM, Krimmel JA, & Sabelhaus JE (2015). Measuring Income and Wealth at the
Top Using Administrative and Survey Data. Finance and Economics Discussion Series, 2015(30),
1-63. 10.17016/FEDS.2015.030

Caruso S, Maiolino L, Rugolo S, Intelisano G, Farina M, Cocuzza S, & Serra A. (2003). Auditory
brainstem response in premenopausal women taking oral contraceptives. Human Reproduction
(Oxford), 18(1), 85-89. 10.1093/humrep/deg003

Coyle CE, Steinman BA, & Chen J. (2017). Visual Acuity and Self-Reported Vision Status. Journal of
Aging and Health, 29(1), 128-148. 10.1177/0898264315624909 [PubMed: 26762396]

Cruickshanks KJ, Nondahl DM, Tweed TS, Wiley TL, Klein BEK, Klein R, Chappell R, Dalton
DS, & Nash SD (2010). Education, occupation, noise exposure history and the 10-yr cumulative
incidence of hearing impairment in older adults. Hearing Research, 264(1), 3-9. 10.1016/
j.heares.2009.10.008 [PubMed: 19853647]

Daniel E. (2007). Noise and Hearing Loss: A Review. The Journal of School Health, 77(5), 225-231.
10.1111/j.1746-1561.2007.00197.x [PubMed: 17430434]

El-Gasim M, Munoz B, West MS, K. S, PhD, & Scott AW, MD (2012). Discrepancies in the
Concordance of Self-Reported Vision Status and Visual Acuity in the Salisbury Eye Evaluation
Study. Ophthalmology (Rochester, Minn.), 119(1), 106-111. 10.1016/j.ophtha.2011.07.005

Emmett SD, & Francis HW (2015). The Socioeconomic Impact of Hearing Loss in U.S. Adults.
Otology & Neurotology, 36(3), 545-550. 10.1097/ma0.0000000000000562 [PubMed: 25158616]

Feder K, Michaud D, McNamee J, Fitzpatrick E, Davies H, & Leroux T. (2017). Prevalence of
Hazardous Occupational Noise Exposure, Hearing Loss, and Hearing Protection Usage Among
a Representative Sample of Working Canadians. Journal of Occupational and Environmental
Medicine, 59(1), 92-113. 10.1097/jom.0000000000000920 [PubMed: 28045804]

Fukui J, Nobutoh C, Okada M, Takagi D, Tanaka K, Senba H, Teraoka M, Yamada H, Matsuura B,
Hato N, & Miyake Y. (2018). Association of household income and education with prevalence
of hearing impairment in Japan. The Laryngoscope, 129(9), 2153-2157. 10.1002/lary.27758
[PubMed: 30569557]

Ear Hear. Author manuscript; available in PMC 2024 July 06.


https://www.jstor.org/stable/116928

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mossman et al.

Page 10

Genther DJ, Betz J, Pratt S, Kritchevsky SB, Martin KR, Harris TB, Helzner E, Satterfield S, Xue Q,
Yaffe K, Simonsick EM, & Lin FR (2015). Association of Hearing Impairment and Mortality in
Older Adults. The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences,
70(1), 85-90. 10.1093/gerona/glu094 [PubMed: 25024235]

Genther DJ, Frick KD, Chen D, Betz J, & Lin FR (2013). Association of Hearing Loss With
Hospitalization and Burden of Disease in Older Adults. JAMA : The Journal of the American
Medical Association, 309(22), 2322-2324. 10.1001/jama.2013.5912 [PubMed: 23757078]

Hasson D, Theorell T, Westerlund H, & Canlon B. (2010). Prevalence and characteristics of hearing
problems in a working and non-working Swedish population. Journal of Epidemiology and
Community Health (1979), 64(5), 453-460. 10.1136/jech.2009.095430 [PubMed: 19692714]

He P, Luo Y, Hu X, Gong R, Wen X, & Zheng X. (2018). Association of socioeconomic status
with hearing loss in Chinese working-aged adults: A population-based study. PloS One, 13(3),
€0195227. 10.1371/journal.pone.0195227

Jensen N, Kelly AH, & Avendano M. (2021). The COVID-19 pandemic underscores the need for an
equity-focused global health agenda. Humanities & Social Sciences Communications, 8(1), 1-6.
10.1057/s41599-020-00700-x

Mills John H., & Going Jacquelyn A.. (1982). Review of Environmental Factors Affecting Hearing.
Environmental Health Perspectives, 44, 119-127. 10.1289/ehp.8244119 [PubMed: 7044773]

Kramer SE, Kapteyn TS, & Houtgast T. (2006). Occupational performance: Comparing normally-
hearing and hearing-impaired employees using the Amsterdam Checklist for Hearing and Work.
International Journal of Audiology, 45(9), 503-512. 10.1080/14992020600754583 [PubMed:
17005493]

Labor Force Statistics from the Current Population Survey. (2021). US Bureau of Labor Statistics.
Retrieved July 5, 2021, from https://www.hls.gov/cps/cpsaat18.htm

Laughlin L, & Christnacht C. (2017). Women in Manufacturing. United States Census Bureau.
Retrieved July 6, 2021, from https://www.census.gov/newsroom/blogs/random-samplings/2017/10/
women-manufacturing.html

Le Clercq CMP, Labuschagne LJE, Franken MJP, Baatenburg de Jong RJ, Luijk MPCM, Jansen PW,
& van der Schroeff MP (2019). Association of Slight to Mild Hearing Loss With Behavioral
Problems and School Performance in Children. Archives of Otolaryngology--Head & Neck
Surgery, 146(2), 113-120.10.1001/jamaoto.2019.3585

Lee JS, Choi HG, Jang JH, Sim S, Hong SK, Lee H, Park B, & Kim H. (2015). Analysis of
Predisposing Factors for Hearing Loss in Adults. Journal of Korean Medical Science, 30(8), 1175—
1182. 10.3346/jkms.2015.30.8.1175 [PubMed: 26240497]

Li C, Zhang X, Hoffman HJ, Cotch MF, Themann CL, & Wilson MR (2014). Hearing Impairment
Associated With Depression in US Adults, National Health and Nutrition Examination
Survey 2005-2010. JAMA Otolaryngology-- Head & Neck Surgery, 140(4), 293-302. 10.1001/
jamaoto.2014.42 [PubMed: 24604103]

Lin FR, Thorpe R, Gordon-Salant S, & Ferrucci L. (2011). Hearing Loss Prevalence and Risk Factors
Among Older Adults in the United States. The Journals of Gerontology. Series A, Biological
Sciences and Medical Sciences, 66(5), 582-590. 10.1093/gerona/glr002 [PubMed: 21357188]

Lin FR, Yaffe K, Xia J, Xue Q, Harris TB, Purchase-Helzner E, Satterfield S, Ayonayon HN, Ferrucci
L, & Simonsick EM (2013). Hearing Loss and Cognitive Decline in Older Adults. JAMA Internal
Medicine, 173(4), 293-299. 10.1001/jamainternmed.2013.1868 [PubMed: 23337978]

Mcmaughan DJ, Oloruntoba O, & Smith ML (2020). Socioeconomic Status and Access to Healthcare:
Interrelated Drivers for Healthy Aging. Frontiers Media SA. 10.3389/fpubh.2020.00231

Grossman Michael. (1972). On the Concept of Health Capital and the Demand for Health. The Journal
of Political Economy, 80(2), 223-255. 10.1086/259880

Morrison A, & Gallagher Robbins K. (2015). Women'’s overrepresentation in low-wage jobs. National
Women’s Law Center.

National Academies of Sciences, Engineering, and Medicine, Division, H. a. M., Services, B. 0. H.
C., & Disabilities, Committee on Health Care Utilization and Adults with. (2018). Health-Care
Utilization as a Proxy in Disability Determination. National Academies Press. 10.17226/24969

Ear Hear. Author manuscript; available in PMC 2024 July 06.


https://www.bls.gov/cps/cpsaat18.htm
https://www.census.gov/newsroom/blogs/random-samplings/2017/10/women-manufacturing.html
https://www.census.gov/newsroom/blogs/random-samplings/2017/10/women-manufacturing.html

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mossman et al.

Page 11

Modesti PA et al. (2016). NEWCASTLE -OTTAWA QUALITY ASSESSMENT SCALE (adapted for
cross sectional studies)

Pittman CA, Roura R, Price C, Lin FR, Marrone N, & Nieman CL (2021). Racial/Ethnic and
Sex Representation in US-Based Clinical Trials of Hearing Loss Management in Adults: A
Systematic Review. JAMA Otolaryngology-- Head & Neck Surgery, 147(7), 656-662.10.1001/
jamaoto.2021.0550 [PubMed: 33885733]

Schoen C, Radley DC, Riley P, Lippa JA, Berenson C, Dermody C. & Shih A.

(2013). Health Care in the Two Americas: Findings from the Scorecard on State

Health System Performance for Low-Income Populations. The Commonwealth Fund.

Retrieved 07/29/2021, from https://www.commonwealthfund.org/publications/scorecard/2013/sep/
health-care-two-americas-findings-scorecard-state-health-system

Scholes S, Biddulph J, Davis A, & Mindell JS (2018). Socioeconomic differences in hearing among
middle-aged and older adults: cross-sectional analyses using the Health Survey for England. BMJ
Open, 8(2), e019615. 10.1136/bmjopen-2017-019615

Schwartz CEAndresen EMNosek MA& Krahn Gloria L. (2007). Response Shift Theory: Important
Implications for Measuring Quality of Life in People With Disability. Archives of Physical
Medicine and Rehabilitation, 88(4), 529-536. 10.1016/j.apmr.2006.12.032 [PubMed: 17398257]

Shukla A, Reed NS, Armstrong NM, Lin FR, Deal JA, & Goman AM (2021). Hearing Loss,

Hearing Aid Use, and Depressive Symptoms in Older Adults-Findings from the Atherosclerosis
Risk in Communities Neurocognitive Study (ARIC-NCS). The Journals of Gerontology.Series
B, Psychological Sciences and Social Sciences, 76(3), 518-523. 10.1093/geronb/ghz128 [doi]
[PubMed: 31628485]

Smithson J, & Mitchell PB (2018). Chapter 2 - Antidepressants. Side Effects of Drugs Annual, 40,
11-20. 10.1016/bs.seda.2018.08.009

Social Determinants of Health | NCHHSTP | CDC

Sohrabji F, Miranda RCG, & Dominique Toran-Allerandt C. (1995). Identification of a putative
estrogen response element in the gene encoding brain-derived neurotrophic factor (cerebral cortex/
olfactory bulb/estrogen replacement)

Spreckley M, Macleod D, Gonzélez Trampe B, Smith A, & Kuper H. (2020). Impact of Hearing
Aids on Poverty, Quality of Life and Mental Health in Guatemala: Results of a before and after
Study. International Journal of Environmental Research and Public Health, 17(10), 3470. 10.3390/
ijerph17103470 [PubMed: 32429252]

Tsimpida D, Kontopantelis E, Ashcroft D, & Panagioti M. (2019). Socioeconomic and lifestyle factors
associated with hearing loss in older adults: a cross-sectional study of the English Longitudinal
Study of Ageing (ELSA). BMJ Open, 9(9), e031030. 10.1136/bmjopen-2019-031030

Uhlmann RF, Larson EB, Rees TS, Koepsell TD, Duckert LG, Larson Uhlmann, Uhlmann D,

Larson K, Otolaryngology, Rees D, & Duckert, ). (1989). Relationship of Hearing Impairment
to Dementia and Cognitive Dysfunction in Older Adults Cases who fulfilled eligibility criteria
and consented to participate were selected consecutively. Cases met crite— ria from the National
Institute of Neu- rological Disorders and Stroke/Alz- From the Departments of Medicine (Drs
Geriatric Medicine, Harborview Medical Center ( ZA\ x=r eg-\. AMA.

Verma A, Schulz MR, Quandt SA, Robinson EN, Grzywacz JG, Chen H, & Arcury TA (2011).

Eye Health and Safety Among Latino Farmworkers. Journal of Agromedicine, 16(2), 143-152.
10.1080/1059924X.2011.554772 [PubMed: 21462026]

World Bank Country and Lending Groups. (2021). worldbank.org. Retrieved 03/15/2021,
from https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-
lending-groups

World report on hearing. Geneva: World Health Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.

Ear Hear. Author manuscript; available in PMC 2024 July 06.


https://www.commonwealthfund.org/publications/scorecard/2013/sep/health-care-two-americas-findings-scorecard-state-health-system
https://www.commonwealthfund.org/publications/scorecard/2013/sep/health-care-two-americas-findings-scorecard-state-health-system
https://worldbank.org
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Mossman et al.

Page 12

)
- Records identified through database Additional records identified
ks searching through other sources
= (n=5,334) (n=23)
3}
b=
N
(=}
[}
o
Ll
v h 4
— Records after duplicates removed
(n=2,355)
)
v
an
K= Records screened o Records excluded
5, (n=2355) N (n=2,194)
o
-
5}
9]
—
)
A 4
Full-text articles Full-text articles excluded
assessed for eligibility > with reasons
2 (n=161) (n=115)
= Wrong Outcomes: 35
= Wrong Comparator: 26
é[) Not a full-text article: 15
8a] Wrong study design: 14
Written in Non-English
Language: 6
Duplicates: 8
S— Unable to Locate: 7
Wrong Patient Population: 4
)
A 4
= Studies included in
[} A :
) qualitative synthesis
= (n= 46)
o
=}
L
e —
Figure 1:

PRISMA Flow Diagram

Ear Hear. Author manuscript; available in PMC 2024 July 06.



Page 13

Mossman et al.

"(8L°0'9°0 110 %56 '89'0=40) Auliqestp Buriesy
1O Salel JaMO] YIIM pale1oosse sI awodul jeuosiad ybiH

"WINNd S.uosiad e 1o} Ajifenbaul
aWoaUl pue “YINNd S.uostad e 1oy
aWOoU! UBaW) S10}9B) IIWOUOIA0II0S
J1aY10 pue ‘adel ‘xas ‘abe 1o} paisnlpy

a|qeLIeA SNONUNUOD
‘paniodal-}|os

paniodal-4|as

sajels
panun

(8102) 1218 0185

(LL°0-77°0 11D %S6
‘¥/°0=40 ‘82T0°0=d) Jueipenb saddn ay} ui syuedionted
Buowre Jamo| sem ssoj Bulieay Jo asuajensid ay L

10308} parejal yijeay Jaylo pue
‘ainsodxa-asiou ‘xas ‘abe 1oy parsnipy

a|qeLeA
paziio0ba)ed
‘panodal-y|as

Jea asiom ul Aouanbaly
-yoaads Ul gp Gg< Uoionpuod
-11e [eJale]iq o [esdrejiun

©3103] YINOS

(L102) e 18 X1ed

"(000¥$SN<) swodul Ajyruow

ybiy e yum ssoys o3 paredwod (100°0>d ‘T’z '28L°0 110
9%G6) spunos Aousnbauy-ybiy pue (T00°0>d ‘S¥S'Z ‘96€'T
1D %G6) spunos Aouanbalj-mo| 104 pjoysalyl Jaybiy e
pey (000Z$SN ) swodul Ajyuow Mo| yim sjuedioned

10108} palejal Yjeay
1310 pue ‘abe ‘xas 104 paisnipy

a|qeLIeA
paziiobaled
‘paniodal-}|os

spjoysaiyy
abeiane Aouanbaiy-ybiy
JAouanbal)-mo| 1e paxoo]

©3103 YIN0S

(5T02) 1218 897

"(T00°0>d ‘909 ¥ 'SA ¥T8 ¥) wawiredw! Burteay Inoyum
9S0Y) UBY) BLLIOJUI PJOYasnoy Jamo| aney 01 A|ax1] aJow
Apueayiubis ase uswuredwi Burteay yym sjenpiaipul

"9zIs pjoyasnoy pue ‘abe
‘UaJp]1yo Juspuadap 40 Jaquinu ‘snyels
lelew ‘A191UYI8 ‘X3S 10y parsnipy

a|qeLI_A SNONUINU0D
‘paniodal-y|as

pauodai-y|as

wopbury
pauun

(8T02) 1238 Wiy

"(100°0>d ‘T6.'2$ 40 BOUBIBYIP 18U) SSO| BulIesy INoyuMm
asoy} ay1 Jo abem ueaw ay} uey) ssa| sem abem ueaw
sso| Burreay yum synpe ‘awodul abem 01 19adsal YNAA

Xapul AJIp1gJowod uosjieyd
pue ‘snyels [ejJew ‘uoibal ‘aaueInsul
‘A101uy1e ‘a0l ‘xas ‘abe 1oy paisnipy

9|geLIBA SNONUIUOD
‘paniodal-}|as

sso| Buureay

01 Bunejal/buipuodsaliod
S9P0J UORIPUOI [BIIPBW €
Buissedwoous abexul| pioday

salels
panun

(z102)
‘N ‘eAAseyoeneyqg
pue ‘q ‘bunp

(7T '60) T'T :4O) Swuswisnipe
Jaye sso| Burreay yim pajerdosse Apuediiubis | ON sem
awooul ‘synpe abe BuIIOM 104 Seale [ein) pue uegin uj

dnoub abe pue ‘snieis
JelJew ‘xas ‘uoirednago Joy paisnipy

a|qeLIeA
paziiobaled
‘paniodal-}|as

Jea Burieay
-18113q 8Ly Ul gp G¢< V.Ld

BUIYD

(8102) 1218 8H

"(101$> 'sA

MGL$ 104 €2°0 '62°0 = 1D %S6 ‘95 0=HO) BWI0dU] JS9MO]
ayl yum ajdoad ueyy Juawiredw Buiieay aney 01 Ajaxi|
ssa] Appueaiiubis aiam [ans] awoaul 3saybiy syl Yim asoy |

punoifxoeq oune]
Jo1uedsiH pue ‘181U Apnis ‘xas ‘aby

a|qeLien
pazii06a)ed
‘pauiodal-|as

Jea Jaya ul gp
GZ< V.Ld Aousnbauy-yosads

saels
panun

(9102)
|e 18 Syueys}aIniD

s}nsay

Pa]10.43U0D) S10398 JBYIO

paulsd
SeM 3WOodU| MOH

pauyag
sem sso BuriesH moH

A1nuno)d

(1eap) saoyiny

"JoyIne 1sJ14 8y} Jad JapJo [eonaqeydie ul pabuelie ase saipms

3Wwooul pue sso| Burreay uo snaoy Arewiad & Y1im ‘uoizeanpa J10j pajjo.Jiuod 1ey] salpnis aAljeluassaidal AjjeuoneN
‘T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2024 July 06.

Ear Hear. Author manuscript



Page 14

Mossman et al.

8 Juswiredwi Burieay pue awooul UsaM]aQ PUNOy Sem UOIRIALI0D JuediIubIS ON eulyD (0202) Ie 10 Buex

(9%9T Ajfewixew 03 s)unowe adualaip aouajensid) sdnoib (2102) 1

8 snyels ybiy 01 mo| paisnipe-abe woly Ajuearyiubis pue Ajipeass sasealoap paittedwi-butieay jo uoruodoid ayl X Auewso ‘aqN|OH %9 'd ‘ZUs|ges UOA

(9T°2 01 G8°0 1D %G6 '9£'T HO :USWOM ‘p°Z 01 80'T 1D %G6 ‘Z9°'T HO :usw) 3|nuinb wopBury

8 aWoaul pjoyasnoy 1saybiy ay} SNSIan 158M0| ay} Ul asoy) Joj Jaybiy alam sso| Buiteay o sppo paisnipe ayL X pauun (6102) 12 12 EPIdWIS |

"90uRdIUBIS [RI1SIES
yoea Jou pIp sso| Bulteay pue SIS USBMIBY UOIIRIIOSSE B} UBWOM 104 “(2°Z2 03 ST'T 1D %56 ‘22'T HO) 9]1H8) wopbury

8 aWwoaul 158yBIY aYl SNSISA 1S8MO| 8U} Ul UaW Joj yBiy Se sawil 0Mm] 1sowfe aJam sso| Bulieay Jo sppo ay L X pauun (8102) e 10 S8]0Y2S
(LL0-v7°0:1D

8 %66 ‘v2'0=40 ‘8210°0=d) Jueipenb Jaddn ayy ul syuedionred Buowe Jamo| sem sso| Bulieay Jo souajeasld ay X ©3103 YInos (2702) 1e 18 g
(A1onnnoadsal
‘%¥°0'%Y"0 11D %S6 ‘%Y'0 PU %9°0'%9°0:1D %S6 ‘%9°0) SIS [enpIAIpul YBIy pue syeispow YIM asou) uey)

8 (%2 '%6'T:10 %56 ‘%6'T) Juswiredw Butieay Jo sousjenald Jaybiy e pey SIS [eNPIAIPUL MO] UM SU0SISd X eulyD (0z02) |2 32 ON
"(000v$SN=) swodur Ajyuow ybiy
© Ypm asouy 0} pasedwod (T00'0>d ‘Tiy'g '28.2°0 11D %S6) Spunos Aouanbaly-ybiy pue (T00°0>d 'SvS'2 ‘96€'T

6 11D %G6) Spunos Aduanbaiy-moy 1oy poysalys Jaybiy e pey (000zZ$SN =) swodul Ajyiuow moj yim syuedidied X ©3103 YINoS (5T02) |0 10 997
((#'T '60) T'T :4O) swuawisnlpe

6 Jaye sso| Buiteay yum parerdosse Ajueayiubis | ON Sem awooul ‘synpe abe BuidJom 1oy seale [eint pue uegun uj 'UIYD (8102) le 19 8H

[(88'1-€0T 1D (6102) @

6 9656) 6€'T HOJ Burieay A noiip aney 03 Ajay1] aiow Apuesisiubis alam yaam Jad 000TS$ Ueyl ssaf Bulures ajdoad X eljessSny ‘SUOWILLIS 79 M U81SIUg|D

Burieay jewsou yum spenpiaipul ueyl (ST°z (9T02) M psemoH ‘siouelH

8 —9T'T :1D %56 ‘8G'T) awoaul moj Buiiodal Jo sppo Jaybiy sawil G T payesisuowap sso| Bulieay Yim sfenpiAipul X S81eIS panun pue ‘Q uesns ‘Pawwg

8 (L2'2-90°T = 1D %G6 ‘95 T=HO) 19X981q BLIODUI JBMO] BU} Ul 8S0U} B.e ssO| Buriesy 1oy 4su Jaybiy e asoy L X lizeig (£002) e 19 BLIRG

¢ pareloosse
91023 aJe 8WO0dU| pue
Auend s} nsay sso| BurresH Anuno)d (4eap) Joyiny

Author Manuscript

"JoyIne 1sJ14 8y} Jad JapJo [eonaqeydie ul pabuelie ase saipms

Bunsal o1BWOoIpNY papnjou] eyl (8 < Jo sa109s Aupend)) saipnis Arjendd 1ssybiH

‘¢ dlgeL

Author Manuscript

Author Manuscript

Author Manuscript

Ear Hear. Author manuscript; available in PMC 2024 July 06.



Page 15

Mossman et al.

"uo1edI4IeNS Japuab Jo
ssa|p.ebal safewa) pue sajew Yyioq 1oy sdnoib snyels ybiy 01 moj paisnipe-abe wouy Ajpueoisiubis

uswiom

(L102) 'I ‘8qnjoH

6 pue Ajipea)s saseasdap pasredwi Bureay jo uoniodoid sy - siapush usamiag seaualapip oN %G'EG PUB UBW 045 9 Auewiiag 7 'd ‘ZUd|qeD UOA
(9T°Z 01G8°0 1D %56 ‘9E'T YO :UsWOM
‘P'Z20180°T 1D %S6 ‘29'T HO :Usw) "uawl 1o} Ja1eald a1am sppO "a|nuInb awooul pjoyasnoy uawiom (6102)
8 159yB1y 8y SnsIan 15aMOo| 3y} Ul 3soy} 4oy Jaybiy aiam ssoj Burreay Jo sppo paisnipe ay L X %Y’ 7S pue UsW 9%9'Gy | MN/puejbug [e 18 eprdwis |
*90UeIIUBIS [e213SIIeIS Yoral J0U pIp Ssof BuLieay pue SIS
US9M}aQ UOITRIJ0SSE 8U} UBWUOM 104 (#7/°2 03 ST'T 1D %G6 ‘2L T HO) 8]11a} awoaul 1saybiy USWOM
8 3} SNSIAA 1SBMO| 8Y Ul uawl 1oy yBiy Se sawil oM 1Sowfe aiam ssof Burieay Jo Sppo ay L X %6'77S pue UsW 9%T'Sy | MN/puejbug (8102) e 18 S8]0Y2S
(r0q 40y 50°0>d) Juaw.redwi Burreay jo soussaid ayp 03 parejal Apuednyiubis JUswom
l SeM 8WOodUl MO] , USWIOM pUe UdW,, Y10g J0 - S9XaS UaaMIaQ SaOUBIBIP OU 3JaM a1ay L alaM J[ey Jano 1snp,, | sarelsS panun (986T) 219 4y0]
*(2699°0=d) 1ueoNIUBISUI SEM 8oUBIBLIP
3y} ‘sajeway Jo ased ay} ul "(T000"0>d) Inoynm asoys ueys Juswiredw Buiteay yum ssfew ui Sa[ewa}
9 Jaybiy Apueayiubis sem ajienb 15amo| ayl Ul SI [8A8] awodul asoym ajdoad Jo aduafensid X %PS pue SafewW 99y | ©aloy yInos (9102) e 10 997
"(50°0>d ‘g'0=40) abe 1o} Bunsnlpe usym uswom ui Ajuo Juedisiubis
l s1 swajqoud Bulieay pue SIS USAMIAQ UOITRIJ0SSE B} ‘suapuodsas Bupjiom-uou Buowy X UBWOM 04GG PUB UBW 9%Gir usapams (6002) e 1 UOSSEH
uawom Buowe punoy sem UOIILID0SSE OU INg ‘Usl Ul Juawiredwl Bulieay Jo sdusjenald ayy uawiom
9 Yum parerdosse Ajasianul Ajpuspuadapul sem (UsA uol|[Iw G 0} €) 8WOdUI pjoyasnoy WnipaN X %G TG PUB UsW %G 6 ueder (6T02) 12 12 INYN4
*(UBLIOM 10} JBMO] %G"9 ‘UBW 10} Jamo| %T 9) Bulteay
[eWJOU YHM USWOM pUe UsW Uy} JOMO] 8Je SI1SLIsIoRIeyd afelane Ylm UsWOomM pue usw UBWOM
8 Buiteay Jo piey Jo Jeap Joy sBulures pajoipaid — saoualayIp Japuah Juedliubis ou aJam alay L %6'Sy pue UBW 9T'95 | sarels panun (9T02) 12 19 ONUAG
‘suedlalunod afew
113U JO 94GG Sem awodul ueaw uswopn dod uab ul uswom ueyy 008$ Sem 31 uswom Joy “dod uawiom (266T) NG Uew) Y
/ uab ur usw ueyy Jayeas 0OOTS Uey alow sawodul abem abielane syuawaredw Bulieay /m ua|n X %2'ZE pue UsW 9%8°/9 | sarers panun 7 NS ‘1Ueuleg
(3z1s ajdwres)
£0UBIBYIP Sa[eway 40 uswom
91005 1ueayiubis 10 abeuaoiad/saew Jo
Aend sbuipui4 © 343yl Sepn usw Jo abejuadlad Anunod (4eap) Joyiny

"JoyIne 1sJ14 8y} Jad JapJo [eonaqeydie ul pabuelie ase saipms

aW0oUI pue sso| Bulreay Ussm1ag LOIIRIJ0SSE 8] Ul Saoualajjip 4apuab/xas paulwexs 1eyl ssipnms

‘€ 9|geL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2024 July 06.

Ear Hear. Author manuscript



	Abstract
	INTRODUCTION
	DESIGN
	RESULTS
	DISCUSSION
	Limitations

	Conclusions and Implications
	References
	Figure 1:
	Table 1:
	Table 2:
	Table 3:

