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Abstract 

Background  Age-related hearing loss (AHL) is a modifiable risk factor for chronic disability and cognitive decline 
in adults over 60 years globally. Despite its preventable nature, long-term trends (1992-2021) in AHL burden and its 
demographic, socioeconomic, occupational noise exposures, and geographic drivers remain underexplored, limiting 
targeted intervention strategies.

Methods  This observational study analyzed age-standardized prevalence and years lived with disability (YLDs) 
for AHL among adults aged ≥60 years using the Global Burden of Disease Study 2021 (1992-2021). Data were stratified 
by sex, age, region, and nation, with demographic decomposition to isolate population aging effects and Bayesian 
spatiotemporal regression to quantify modifiable drivers (e.g., occupational noise). Temporal trends were evaluated 
by calculating annual average percentage change (AAPC) with 95% confidence intervals (CI).

Results  From 1992 to 2021, AHL-related prevalence and YLDs showed an upward trend globally (AAPC prevalence 
= 0.14 [95% CI: 0.13, 0.14]; AAPC YLDs = 0.17 [95% CI: 0.15, 0.20]). There was a downward trend in the YLDs of AHL 
from 1992 to 1995 (AAPC YLDs = -0.08 [95% CI: -0.19, 0.04]). Regionally, while most regions showed an increasing trend 
in AHL prevalence, 1990-2019, some regions still showed a decreasing trend (AAPC Western sub-Saharan Africa = -0,22 [95% 
CI: -0.37, -0.08]). In 2021, in the countries with middle socio-demographic index (SDI) levels, the older the population, 
the higher the prevalence and YLDs of AHL. Furthermore, the burden of AHL varies by age and sex and has unique 
temporal and spatial features. Notably, higher SDI levels correlated with reduced occupational noise-attributable 
burdens, while adults aged 70-74 years exhibited the highest occupational noise-driven YLDs.

Conclusion  The global burden of AHL continues to rise, which is a growing problem for countries with medium SDI 
levels. Occupational noise exposure emerges as a critical modifiable risk factor, particularly in rapidly industrializing 
economies, highlighting the urgent need to prioritize workplace hearing protection programs and targeted noise 
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control policies tailored to regional contexts. These interventions are especially vital for older men in low-resource set-
tings and medically underserved countries to mitigate preventable disability and address health inequities.

Keywords  Age-related hearing loss, Occupational noise exposure, Socio-demographic index, Disability-adjusted life 
years, Burden, Trends

Introduction
Age-related hearing loss (AHL), also known as senile 
presbycusis, is the most common sensory impairment 
in older persons and is currently the third most com-
mon cause of long-term disability in the senior popula-
tion [1]. AHL is a progressive condition that affects the 
ability to hear high-frequency sounds, typically caused 
by the aging process and environmental factors, such as 
long-term noise exposure. It is characterized by a gradual 
loss of hearing, which can significantly impact an indi-
vidual’s quality of life and communication abilities [2]. 
According to the World Health Organization (WHO), 
the world’s population aged 60 years and older is pro-
jected to reach 2.1 billion by 2050, nearly doubling from 
2015 [3], with one in four older adults having disabling 
hearing loss [4]. Untreated hearing loss can prevent older 
persons from engaging in even the most basic forms of 
communication, which can exacerbate feelings of social 
isolation, frustration, and loneliness [5–7]. Addressing 
hearing loss in older adults is a major challenge due to 
the gradual nature of the condition, the complexity of 
identifying early signs, and the lack of access to necessary 
interventions, such as hearing aids and hearing health-
care, especially in low-resource settings [8, 9]. These 
effects can also exacerbate concomitant conditions like 
frailty, falls [10], and late-onset depression [11]. There 
is mounting evidence that early cognitive decline and 
dementia are linked to hearing loss in old age, and that 
the severity of hearing loss is a predictor of a bad progno-
sis in Alzheimer’s patients [12]. Two-thirds of adults 60 
years of age and older are expected to reside in low- and 
middle-income nations by 2050 [2]. These nations fre-
quently lack the infrastructure, human resources, regu-
lations, and awareness necessary to address hearing loss 
and manage the disease’s burden. Moreover, these chal-
lenges are compounded by the stigma around hearing 
loss, where affected individuals may not seek the neces-
sary help due to societal attitudes or lack of awareness 
about the available treatments [8]. The Corona Virus Dis-
ease 2019 (COVID-19) pandemic mask use created bar-
riers to facial and acoustic information, underscoring the 
importance of hearing in older adults. A greater reliance 
on visual information to compensate for AHL, which also 
affects speech recognition functions [13], further exac-
erbating the health burden of hearing loss in the elderly 
population.

Untreated AHL not only has negative consequences on 
the individual but also carries large economic implica-
tions. In 2002 alone, the estimated total cost of treating 
hearing loss in individuals over 65 was $8.2 billion; by 
2030, that figure is expected to rise to $51.4 billion [14]. 
It follows that older people will bear a disproportionate 
share of the large and rising health, social, and economic 
expenses associated with AHL. Addressing these costs 
requires understanding the full scope of AHL’s impact 
and identifying effective, cost-efficient intervention strat-
egies that can be widely implemented. Determining the 
actual magnitude of the health burden of AHL among the 
elderly worldwide as well as its historical trends is there-
fore imperative. In order to give a thorough description of 
the burden of disease associated with AHL among older 
adults at the global, regional, and national levels over the 
past 30 years and the next 19 years, including prevalence, 
years of life lived with disability (YLDs), and other factors, 
this study makes use of the Global Burden of Diseases, 
Injuries, and Risk Factors Study 2021 (GBD 2021) [15]. 
Since noise is a major modifiable risk factor for hearing 
loss [16], we assessed the impact of noise exposure and 
incorporated a grading system for hearing loss severity, 
distinguishing our study from others. Help to promote 
health and well-being, reduce health disparities among 
older adults, and guide future policies and treatments for 
effectively managing these conditions on a global scale. 
This study aims to highlight the challenge of mitigating 
AHL in aging populations and offers evidence to inform 
global health policies, promote health and well-being, and 
address health disparities among older persons.

Materials and methods
Data sources and study population
GBD 2021 quantifies health losses due to 371 diseases in 
204 countries and territories, including measures of prev-
alence, disease severity, and death, which together consti-
tute a comprehensive assessment of the burden of disease 
[15]. In the course of our research, we gathered infor-
mation from the GBD 2021 database using the Global 
Health Data Exchange query tool (GHDx) (https://​
vizhub.​healt​hdata.​org/​gbd-​resul​ts/) regarding the preva-
lence of AHL and YLDs among older individuals in 204 
countries between 1992 and 2021. To categorize hear-
ing loss, the prevalence of AHL and YLDs by gender, age, 
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socio-demographic index (SDI), location, nation, and risk 
factors was examined. A detailed description of the data 
sources is available in eMethod 1 of Supplement Material.

AHL, as defined by GBD, includes causes other than 
meningitis, chronic otitis media, or congenital factors, 
with presbycusis being the dominant cause, referring to 
the gradual hearing loss due to the breakdown of neurons 
in the inner ear as a result of aging, which was coded by 
the International Classification of Diseases (ICD)−9 codes 
H71-H75.83, H80-H80.93, H83-H83.93, H90-H91, H91.1-
H91.93, H94-H94.83, Q16-Q16.9, and ICD-10 codes: 
H74-H75.83, H90-H91, H91.1-H91.93, H94-H94.83, 
Q16-Q16.9 [17]. A detailed description of the ICD code is 
available in eMethod 2 of Supplement Material. Hearing 
loss can be classified as mild (threshold 20–34 dB), mod-
erate (threshold 35–49 dB), moderately severe (thresh-
old 50–64 dB), severe (threshold 65–79 dB), profound 
(threshold 80–94 dB), and complete (threshold greater 
than 95 dB) [18]. These classifications were calculated 
based on the average pure tone hearing thresholds of the 
better ear at 0.5, 1, 2 and 4 kHz. Following the guidelines 
set forth by the WHO [19] and other research [20], we 
divided the population into six age groups: 60–64, 65–69, 
70–74, 75–79, 80–84, and 85–89 years. We followed and 
completed the STROBE Guidelines.

Data analysis
First, we computed the 95% confidence intervals (CIs) 
and annual average percentage changes (AAPCs) using 
a linear regression model. In this model, the independ-
ent variable was each year, and the dependent variable 
was rates (such as the prevalence linked to AHL) on a 
logarithmic scale. A detailed description of the AAPC is 
available in eMethod 3 of Supplement Material.

Second, the regression model’s estimated mean yearly 
percentage change was used to determine whether there 
had been any notable changes in the linear trend’s slope. 
Time trends in the data were identified by joinpoints 
regression analysis, the simplest model that fits the data 
by connecting several different line segments on a loga-
rithmic scale [21]. These line segments are made into 
joinpoints, where the simplest model (i.e., 0 joinpoints) is 
a straight line.

Third, global trends in the above metrics were also ana-
lyzed by sex, age, and SDI, which is a comprehensive indi-
cator of the development status of a country or region. A 
detailed description of the SDI is available in eMethod 4 
of Supplement Material.

Fourth, regional and national trends in the prevalence 
of AHL-related, YLDs were also explored using the same 
methodology described above.

Fifth, the exposure to risk factors and their attrib-
utable burdens were quantified by GBD comparative 

risk assessment by grading the severity of hearing loss 
according to criteria [22]. Occupational noise exposure is 
defined as the proportion of the population exposed to 
noise levels of 85+ decibels in the workplace, based on 
the population distribution across 17 economic activities 
(such as agriculture, hunting, forestry, fishing, mining, 
and quarrying) [23]. Estimating the burden of AHL due 
to occupational noise using a person population attribut-
able fraction (PAF) as detailed in eMethod 5 of Supple-
ment Material.

Sixth, the Bayesian age-period-cohort analysis (BAPC) 
model with integrated nested Laplace approximation 
(INLA), which demonstrated better coverage and preci-
sion than the APC model. In order to predict the num-
ber of TC cases, incidence rates, deaths and mortality 
rates from 2021 to 2040, we used the BAPC model with 
integrated nested laplace approximation to approximate 
the marginal posterior distributions, which avoids the 
mixing and convergence problems associated with the 
use of markov chain monte carlo simulation algorithms 
in the traditional bayesian approach mixing and conver-
gence problems in traditional bayesian methods [24]. The 
impact of COVID-19 on AHL was finally analyzed by 
modeling the burden of COVID-19 and related outcomes 
in a hierarchy of mutually exclusive and collectively 
exhaustive causes [16]. Statistical analyses were per-
formed using R software (version 4.1.2) and the linked-
point regression program (version 4.9.0.0). Statistical 
significance was set at P < 0.05 (two-sided).

Results
Global trends
Globally, the AHL prevalence was 65828.75per 100,000 
in 2021 and there was an overall increasing trend in both 
AHL-related prevalence and YLDs among older adults 

Table 1  Global AAPCs in prevalence and YLDs of AHL in older 
adults aged 60–89 years, 1992-2021

Abbreviation: AAPC average annual percentage change, YLD years of life lived 
with disability, AHL age-related hearing loss, CI confidence interval

Prevalence YLDs

AAPC (95% CI) p value AAPC (95% CI) p value

1992-2001 0.11
(0.10 to 0.11)

<0.001 0.05
(0.03 to 0.08)

<0.001

2002-2011 0.07
(0.05 to 0.08)

<0.001 0.13
(0.07 to 0.18)

<0.001

2012-2021 0.25
(0.23 to 0.27)

<0.001 0.28
(0.20 to 0.35)

<0.001

1992-2021 0.14
(0.13 to 0.14)

<0.001 0.17
(0.15 to 0.20)

<0.001

2019-2021 0.21
(0.18 to 0.24)

0.008 0.05
(−0.39 to 0.49)

0.400
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between 1992 and 2021 (AAPC=0.14 [95% CI: 0.13, 
0.14]; AAPC=0.17 [95% CI: 0.15, 0.20], P<0.01) (Tables 1 
and 2), but there was a decreasing trend in AHL-related 
YLDs between 1992 and 1995, and between 2005 and 
2011 (AAPC = −0.08 [95% CI: −0.19 to 0.04]; AAPC 
= −0.04 [95% CI: −0.08 to 0.01], P<0.01) (Table  S1). 
Between 1992 and 2021, AHL-related prevalence in 
older adults appeared to converge in 1999, 2010, 2014, 
and 2018, respectively (Fig. 1).

From 1992 to 2019, AHL-associated prevalence rates 
increased globally in both males and females (Table  2). 
Specifically, the AHL-associated prevalence rate per 
100,000 population in males rose from 66936.26 to 
68780.08 in 1992, AAPC = 0.09 [95% CI: 0.09, 0.10], 
and in females, the AHL-associated prevalence rate per 
100,000 population rose from 60047.06 to 63193.14 in 
1992, AAPC = 0.18 [95% CI: 0.16, 0.19]. AHL-associated 
YLDs in males and females showed the same trend. In a 
connected-point regression model, we found that the 
prevalence of AHL-associated YLDs in females increased 
most significantly between 2013 and 2017 (AAPC= 0.34 
[95% CI: 0.29 to 0.39] (Table S2).

AHL-associated prevalence rates in older adults aged 
60–89-year-olds showed an increasing trend between 
1992 and 2019, with the most pronounced rise in ages 
65-65 years (AAPC=0.21 [95% CI:0.19,0.23]), but with a 
brief decline between 2001 and 2008 (AAPC=−0.09 [95% 
CI: - 0.14, −0.04]). YLDs, on the other hand, showed 
an overall decreasing trend, with the most significant 
decrease between 1992 and 1995 (AAPC=−0.48 [95% 
CI: −0.58, - 0.39]) (Table  S3). The greatest increase in 
AHL-associated prevalence between 1992 and 2021 was 
observed in middle- and high-level countries, and the 
greatest increase in AHL-associated prevalence in the 
linked regression model was observed in high-middle-
level countries between 2015 and 2018 (AAPC=0.91 
[95% CI: 0.67,1.15]) (Table S4).

Between 1992 and 2021, the region with the great-
est change in AHL-related prevalence was Eastern sub-
Saharan Africa, with the most significant change from 
1995 to 1999 (AAPC=2.76 [95% CI: 1.14, 4.41]), and the 
greatest change in YLDs was East Asia region, which had 
the largest change from 2015 to 2019 (AAPC=1.15 [95% 
CI: 1.05, 1.26]) (Fig. 2, Tables 2, S6). The largest change in 
urban prevalence was in Eritrea, with the largest change 
from 1995 to 2000 (AAPC=2.94 [95% CI: 1.74, 4.15]), and 
the largest change in YLDs was in China and the Unite 
Republic of Tanzania (AAPC=0.36 [95% CI: 0.33, 0.39]; 
AAPC=0.36 [95%CI: 0.28, 0.43]) (Fig. 2, Tables S7, S8).

Classification of hearing loss
Prevalence and YLDs associated with different grades 
of hearing loss showed an overall increasing trend, but 

complete hearing loss was decreasing, with the most sig-
nificant decreases in both prevalence and YLDs occur-
ring between 2019 and 2021 (AAPC=−0.69 [95% CI: 
−0.79, −0.6]; AAPC=−0.70 [95% CI: −0.81, −0.58]), 
and both declines were greater for men than for women 
(Figures S1 - S4, Table S9). The prevalence of Complete 
hearing loss and YLDs decreased the most at the Low-
middle SDI level, and most significantly from 2018 to 
2021 (AAPC=−1.25[95%CI: −1.49, −1]) (Table  S10). 
Regionally and nationally, the prevalence of complete 
hearing loss changed most significantly in tropical Latin 
America from 1996 to 1999 and in Uganda from 2019 to 
2021 (Tables S11, S12).

Ageing, population and epidemiological change
AHL was most affected by demographic factors from 
1992 to 2021, with prevalence and YLDs most affected 
by demographic factors at the middle SDI level and East 
Asia (92.15%;84.27%) (Fig. 3, Tables S13, S14). National, 
prevalence was most affected by demographic factors 
in Georgia (186.46%), and YLDs were most affected 
by demographic factors in Afghanistan (560.47%) 
(Table S15). The driver of different levels of hearing loss 
was population growth and the higher the level of hear-
ing loss the more affected by aging (Figures S5 to S10).

Occupational noise exposure
Between 1992 and 2021, global AHL due to occupa-
tional noise exposure factors showed an increasing trend 
(AAPC=0.39 [95% CI: 0.37, 0.42]), with the highest 
changes in High SDI levels and East Asia region affected 
by occupational noise exposure (AAPC=0.26 [95% 
CI: 0.23, 0.29]; AAPC=0.49 [95% CI: 0.46, 0.51]) (Fig-
ures S11, S12, Table S16). The results of the COVID-19 
impact on disease and predictive analysis are detailed in 
the Supplementary Material.

Impact of COVID‑19
Globally, in both 2019 and 2021, Asia recorded the high-
est incidence rates for AHL. Most countries and regions 
experienced higher AHL incidence rates in 2019 com-
pared to 1990 (Figure S13). Although the rates of moder-
ately severe and severe hearing loss are relatively low on a 
global scale, these conditions contribute less significantly 
to the overall incidence of disability worldwide. (Figure 
S14, Figure S15)

Prognostic analysis
The global prevalence of AHL is projected to reach 
(66016.77/100,000 persons [95% UI: 42959.99 to 
89073.55]) by 2040, with the prevalence rate continuing 
to increase but with a slowing trend (AAPC: 0.02 [95% 
CI: 0.02 to 0.03]). Notably, YLDs showed a downward 
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trend (AAPC: −0.04 [95% CI: −0.04 to −0.03]). Between 
2021 and 2040, AHL incidence and YLDs changed the 
most in complete hearing loss (AAPC: −0.9 [95% CI: 
−0.91 to −0.90]) (AAPC: −0.89 [95% CI: −0.89 to −0.88]) 
(Figures S16, S17, Table S17).

Discussion
This study, based on the GBD 2021 database, is the first to 
examine AHL prevalence and YLDs in individuals aged 
60–89. It analyzes the impact of aging, demographic, and 
epidemiological factors on AHL globally, regionally, and 
nationally, showing a consistent increase in AHL preva-
lence and YLDs from 1992 to 2021, driven by popula-
tion growth, aging, and disease severity. The 2021 World 
Health Assembly resolution highlighted the need for 
investment in ear and hearing health care, emphasizing 
prevention, management, and treatment of AHL, espe-
cially for at-risk populations [19, 24]. Joinpoint regression 
analyses showed a slowing rise in AHL prevalence and 
YLDs from 2019 to 2021, suggesting effective control of 
AHL in older adults during this period. However, occu-
pational noise exposure continues to contribute to hear-
ing loss, particularly among those exposed for extended 
periods [25]. Other factors like chronic diseases [26], 
ototoxic medications [27], and chemical exposures [28] 
also play a role but were not extensively evaluated. More 

research is needed to explore their long-term impacts. 
While AHL is linked to cognitive decline and considered 
a modifiable risk factor for dementia [29], other aging-
related factors may also affect both hearing loss and cog-
nitive decline, warranting further exploration of their 
complex relationship.

Joinpoint regression analyses showed that the preva-
lence rate associated with AHL continued to trend 
upward between 2005 and 2010, but the disability rate 
shifted from an original increase to a decrease. It is reas-
suring that both the prevalence of AHL and the rise in 
YLDs slowed from 2019 to 2021 compared with the 
previous period. While previous studies have shown 
that COVID-19 contributes to the onset of hearing loss 
[30, 31], the results suggest effective control of AHL 
in older adults globally during this period. However, it 
is important to note that despite attempts to mitigate 
occupational noise exposure, this risk factor continues 
to contribute to hearing loss, particularly among those 
who were exposed to noise for extended periods during 
their working years [25]. Additionally, other risk factors 
such as chronic non-communicable diseases [26], oto-
toxic medications [27], and chemical exposures [28] may 
also play a role in hearing loss, although these were not 
extensively evaluated in this study. Further research is 
needed to explore the long-term impacts of these factors. 

Fig. 1  Joinpoint regression analysis of global, female and male AHL burden among children and adolescents, 1992-2021. AHL: Age-related Hearing 
Loss, YLDs: Years Lived with Disability. A, B and C prevalence. D, E and F YLDs
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Although previous studies have shown a certain asso-
ciation between AHL and cognitive decline, and hearing 
loss is considered a modifiable risk factor for dementia 
[29], it is important to note that during aging, multiple 
factors other than hearing loss may simultaneously affect 
both hearing loss and cognitive decline. Therefore, while 
improving hearing health in older adults may signifi-
cantly reduce the burden of hearing loss, more research 
is needed to explore the complex relationship between 
hearing loss and cognitive function.

AHL-related prevalence and YLDs among older adults 
in all age groups are on the rise globally between 1992 and 
2021, with the greatest increase in the 65–69-year-old age 
group. Our results also showed a gradual increase in AHL-
related prevalence and YLDs with increasing age, which 
may be associated with a slower gait and less activity in 
older adults [32–35]. There are also gender differences in 
AHL in older adults. We found that male older adults had 
higher prevalence and YLDs associated with AHL than 
women, and that men were more age-driven than women. 
This is consistent with previous studies indicating that men 
are more prone to hearing loss than women, particularly at 
higher frequencies, while women typically experience mild 

to moderate hearing loss, which tends to worsen at lower 
frequencies [36, 37]. Focusing on the health of older adults 
from a gender perspective as well as an age perspective 
and early attention to at-risk populations has considerable 
potential to reduce health disparities.

Older adults in low- and middle-income regions are 
disproportionately affected by AHL, with this trend 
expected to worsen. In 2021, Eastern sub-Saharan Africa 
exhibited higher AHL prevalence and YLDs, although 
both declined between 2019 and 2021, indicating some 
progress in prevention but highlighting ongoing chal-
lenges in addressing AHL among older populations [38]. 
Our findings suggest that India’s low SDI, limited access 
to universal healthcare, under-resourced healthcare 
infrastructure, high technology costs, and uneven dis-
tribution of healthcare professionals contribute to the 
higher burden of AHL-related diseases [39, 40]. Addi-
tionally, 25–30% of elderly hearing aid users struggle with 
inadequate use due to the complexity of the devices [41], 
limiting their effectiveness in improving quality of life 
and reducing complications. More importantly, limited 
access to hearing aids in many parts of the world remains 
a significant barrier to addressing age-related hearing 

Fig. 2  Map of national ASR and AAPCs in AHL burden among older adults aged 60–89-year-olds, 1992-2021. ASR: Age-Standardized Rate, AAPCs: 
annual average percentage changes, AHL: Age-related Hearing Loss, YLDs: Years Lived with Disability. A ASR of prevalence. B ASR of YLDs. C  AAPC 
of prevalence. D AAPC of YLDs
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loss. Factors such as high costs, lack of availability, and 
limited access to trained professionals in low- and mid-
dle-income countries exacerbate this issue. Furthermore, 
delayed diagnosis is a critical concern. Many elderly 
individuals do not seek help for their hearing loss until 
it severely impacts their quality of life, and often attrib-
ute their condition to normal aging, resulting in missed 
opportunities for early intervention. Early diagnosis and 
intervention can significantly improve outcomes, and 
addressing the growing burden of hearing loss [24].

Aging is a primary cause of hearing loss [2], and age-
related hearing damage exacerbates noise susceptibility, 
leading to a feedback loop between aging and hearing 
deterioration. Epidemiological studies have shown that 
the prevalence of hearing loss increases significantly 
with age, with estimates suggesting that nearly 1 in 3 
adults over the age of 65 suffer from some degree of 
hearing impairment [18]. Additionally, factors such as 

occupational and environmental noise exposure [42, 43], 
chronic diseases (e.g., diabetes, hypertension) [44], and 
lifestyle choices (e.g., diet, stress, medication use) [45] 
interact with aging to contribute to moderate to severe 
hearing loss in older adults. The WHO has highlighted 
that hearing loss is not only a leading cause of disabil-
ity but also a key contributor to increased all-cause and 
cause-specific mortality among older populations [19]. 
This complex interplay between aging, environmental 
factors, and health conditions underscores the impor-
tance of addressing hearing loss as part of broader pub-
lic health initiatives aimed at improving the health and 
quality of life for older adults. However, the contribution 
of chronic diseases and lifestyle factors to moderate to 
severe hearing loss varies depending on individual dif-
ferences. Therefore, reducing or eliminating the risk fac-
tors associated with AHL is crucial. Mild hearing loss 
is prevalent among AHL patients, suggesting that early 

Fig. 3  Changes in AHL according to population-level determinants and epidemiological change by SDI quintiles and regions. AHL: Age-related 
Hearing Loss, SDI: Socio-Demographic Index. A and B prevalence. C and D YLDs
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screening and intervention could significantly allevi-
ate the disease burden by addressing these risk factors. 
While the burden of AHL due to occupational noise is 
decreasing globally, from 1990 to 2019, the global age-
standardized disability-adjusted life year rates (ASDR) 
for occupational noise-induced hearing loss (ONIHL) 
decreased by 1.72% [46], countries like Brazil have imple-
mented widespread hearing protection measures, further 
reducing the AHL burden [47, 48]. Additionally, higher 
SDI countries tend to have lower AHL burdens due to 
better noise regulations and protective equipment use 
[49]. To mitigate hearing loss risk from noise exposure, 
it is essential to minimize exposure to loud sounds and 
integrate ear and hearing health care into national health 
plans. Protective measures like earplugs and earmuffs 
should be used, and regular hearing assessments should 
be conducted in noise-exposed occupations. Addition-
ally, a systematized hearing conservation program should 
be implemented to effectively manage hearing health and 
prevent noise-induced hearing loss in the workplace.

Our study has some limitations. First, data from the 
GBD 2021 database, which does not use a standardized 
set of statistical methods across all countries and does not 
estimate uncertainty; Second, loss of data from countries 
with incomplete life systems, high quality country-level 
data, and little data from resource-poor countries; Third 
different diagnostic criteria for AHL in each country, and 
the data may be subject to error, which makes it easy to 
overdiagnose or underdiagnose; Fourth, this study relies 
entirely on the GBD database, as well as other global data-
bases; Fifth, this study includes very few other causes of 
AHL, such as ototoxic hearing loss. Furthermore, GBD 
data do not encompass other potential influencing factors 
like genetic factors, environmental noise, chronic diseases 
(e.g., hypertension, diabetes), and medication use, which 
could have significant effects on hearing health in older 
populations. Future research could explore these addi-
tional factors and their interactions to better understand 
their combined impact on hearing loss.

Conclusion
Over the past three decades, there has been a sustained 
global increase in the prevalence of AHL and YLDs, high-
lighting the urgent need for targeted hearing screening, 
noise exposure prevention, and hearing aid use among 
older adults. Men are disproportionately affected by AHL 
compared to women, and older adults in regions with 
moderate SDI are particularly vulnerable. These findings 
underscore the necessity of allocating more healthcare 
resources to older men in these areas, indicating that 
future efforts to address the global burden of hearing loss 
should prioritize the physical healthcare needs of these 
populations.
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severe hearing loss (D), profound hearing loss (E) and complete hearing 
loss (F) groups, stratified by impairment. Figure S2. Joinpoint regression 
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(C), severe hearing loss (D), profound hearing loss (E) and complete hear-
ing loss (F) groups, stratified by impairment. Figure S3. (A) The stacking 
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2021 in mild hearing loss, moderate hearing loss and moderately severe 
hearing loss groups, stratified by impairment. (B) The stacking rate of 
prevalence in older adults aged 60-89 years at global from 1992 to 2021 in 
severe hearing loss, profound hearing loss and complete severe hearing 
loss groups, stratified by impairment. Figure S4. (A) The stacking rate of 
YLDs in older adults aged 60-89 years at global from 1992 to 2021 in mild 
hearing loss, moderate hearing loss and moderately severe hearing loss 
groups, stratified by impairment. (B) The stacking rate of YLDs in older 
adults aged 60-89 years at global from 1992 to 2021 in severe hearing loss, 
profound hearing loss and complete severe hearing loss groups, stratified 
by impairment. Figure S5. Changes in prevalence and YLDs (A, B) of AHL 
(C, D) in mild hearing loss group according to population-level determi-
nants including aging, population growth and epidemiological change 
from 1992 to 2021 at the global level and by SDI quintiles and regions. 
Figure S6. Changes in prevalence and YLDs (A, B) of AHL (C, D) in moderate 
hearing loss group according to population-level determinants including 
aging, population growth and epidemiological change from 1992 to 2021 
at the global level and by SDI quintiles and regions. Figure S7. Changes 
in prevalence and YLDs (A, B) of AHL (C, D) in moderately severe hearing 
loss group according to population-level determinants including aging, 
population growth and epidemiological change from 1992 to 2021 at the 
global level and by SDI quintiles and regions. Figure S8. Changes in preva-
lence and YLDs (A, B) of AHL (C, D) in severe hearing loss group according 
to population-level determinants including aging, population growth and 
epidemiological change from 1992 to 2021 at the global level and by SDI 
quintiles and regions. Figure S9. Changes in prevalence and YLDs (A, B) of 
AHL (C, D) in profound hearing loss group according to population-level 
determinants including aging, population growth and epidemiological 
change from 1992 to 2021 at the global level and by SDI quintiles and 
regions. Figure S10. Changes in prevalence and YLDs (A, B) of AHL (C, D) in 
complete hearing loss group according to population-level determinants 
including aging, population growth and epidemiological change from 
1992 to 2021 at the global level and by SDI quintiles and regions. Figure 
S11. Occupational noise for AHL related DALYs, and AAPC, among older 
adults aged 60-89 years from 1992 to 2021 at global level (A) and stratified 
by SDI (B-F) and regional levels. Figure S12. (A) Occupational noise for 
AHL related DALYs among older adults from 1992 to 2021 at global level 
in age groups 60 to 64, 65 to 69 and 70 to 74. (B) Occupational noise for 
AHL related DALYs among older adults from 1992 to 2021 at global level 
in age groups 75 to 79, 80 to 84 and 85 to 89. (C) Occupational noise for 
AHL related YLDs among older adults from 1992 to 2021 at global level 
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in age groups 60 to 64, 65 to 69 and 70 to 74. (D) Occupational noise for 
AHL related YLDs among older adults from 1992 to 2021 at global level in 
age groups 75 to 79, 80 to 84 and 85 to 89. Figure S13. Global distribution 
map of AHL of ASR of prevalence and YLDs in older adults aged 60-89 
years, 1992, 2019, and 2021 at global. Figure S14. Global distribution map 
of ASR of prevalence and YLDs in older adults aged 60-89 years, 1992, 
2019, and 2021 in mild hearing loss (A) and moderate hearing loss (B)
and moderately severe hearing loss (C) groups, stratified by impairment. 
Figure S15. Global distribution map of ASR of prevalence and YLDs in older 
adults aged 60-89 years, 1992, 2019, and 2021 in severe hearing loss (A), 
profound hearing loss (B), complete hearing loss (C) groups. Figure S16. 
(A) The global change trends of rate and number of prevalence of AHL 
from 1992 to 2021, and its predicted trends between 2022 and 2040 in 
age groups 60 to 64, 65 to 69 and 70 to 74. (B) The global change trends 
of rate and number of YLDs of AHL from 1992 to 2021, and its predicted 
trends between 2022 and 2040 in age groups 60 to 64, 65 to 69 and 70 
to 74. (C) The global change trends of rate and number of prevalence of 
AHL from 1992 to 2021, and its predicted trends between 2022 and 2040 
in age groups 675 to 79, 80 to 84 and 85 to 89. (D) The global change 
trends of rate and number of YLDs of AHL from 1992 to 2021, and its 
predicted trends between 2022 and 2040 in age groups 75 to 79, 80 to 
84 and 85 to 89. Figure S17. (A) The global change trends of rate and 
number of prevalence of AHL from 1992 to 2021, and its predicted trends 
between 2022 and 2040 in mild hearing loss, moderate hearing loss and 
moderately severe hearing loss groups. (B) The global change trends of 
rate and number of YLDs of AHL from 1992 to 2021, and its predicted 
trends between 2022 and 2040 in mild hearing loss, moderate hearing 
loss and moderately severe hearing loss groups. (C) The global change 
trends of rate and number of prevalence of AHL from 1992 to 2021, and its 
predicted trends between 2022 and 2040 in severe hearing loss, profound 
hearing loss, complete hearing loss groups. (D) The global change trends 
of rate and number of YLDs of AHL from 1992 to 2021, and its predicted 
trends between 2022 and 2040 in severe hearing loss, profound hearing 
loss, complete hearing loss groups.
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