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KEY POINTS

� Hearing loss is the fourth leading contributor to years lived with a disability worldwide,
affecting nearly 500 million individuals.

� The prevalence of hearing loss is greatest in low-income and middle-income nations.

� Social and economic costs of hearing loss are derived from assignment of monetary value
to years lived with disability and are greater than $US750 billion per year globally.

� Etiologies of hearing loss aremultifactorial, and include genetic, infectious, noise-induced,
ototoxic drug-induced, traumatic, immune-mediated, and age-related causes.

� Further cost-effectiveness studies are required to optimize resources and develop prior-
ities based on need, existing infrastructure, and financial circumstances in individual
countries.
INTRODUCTION
Epidemiology

Hearing loss affects individuals across all cultures; it is the fourth leading contributor to
years lived with a disability worldwide,1 affecting 6% to 8% of the world’s population.2

Moreover, the burden of disease is growing. In 1985, initial estimates of global hearing
loss were placed at 42 million individuals.3 Since then, life expectancy has increased,
and societal changes have made hearing loss owing to excessive exposure to loud
noise and ototoxic drugs more common. Infectious and other causes of hearing
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loss continue to grow.4 These factors, coupled with improved technology to detect
hearing loss, require health care providers to keep pace with a growing problem.
The most recent estimates indicate that one-half of a billion people now suffer from
disabling hearing loss worldwide.1

Worldwide estimates help to frame the significance of the disease burden. Under-
standing regional differences may also identify specific causes and gaps in treatment
availability that should be addressed. In an analysis of 42 studies from 29 countries,
Stevens and colleagues5 demonstrated that the prevalence of both child and adult
hearing loss is greater in low-income and middle-income countries than in high-
income nations. These findings support the World Health Organization (WHO) esti-
mates from 2012, which found the prevalence of disabling hearing loss to be greatest
in South Asia, Asia Pacific, and sub-Saharan Africa.6

Impacts of Hearing Loss

Studies that describe the profound impact of hearing loss illuminate the effects not
only on quality of life, but also on the physical and mental well-being of individuals.
In adults, those with hearing loss may be perceived as cognitively diminished, less
able, and socially incompetent.7 This perception is not limited to a single social or
cultural group. In both developed and developing countries, the unemployment rate
for those with hearing loss is higher than for their normal hearing counterparts.8 In
the United States, hearing loss is associated with low educational attainment and
economic hardship, including both low income and underemployment or unem-
ployment.9 In developing countries, people with disabilities, including hearing
loss, are at a higher risk for chronic illness and infections, as well as behavioral
problems.10

Nearly three-quarters of a million infants are born annually with a significant hearing
problem,11 and the consequences may be devastating. In early childhood, hearing
impairment may preclude the appropriate acquisition of speech and language12 and
contribute to poor academic performance.13 Furthermore, these children will have
more physician visits, days in the hospital, and days out from school.14 Those with
profound loss or deafness require greater financial support for programs teaching
sign language or other means of deaf education.15

The effects of hearing loss carry over into the teenage years and young adulthood.
Teenagers and young adults with even mild hearing loss are more likely to drop out of
school early or experience unemployment.16

Owing to the vast worldwide prevalence of hearing loss, it is not surprising that the
economic impact is substantial. These effects are seen at both the individual as well as
the societal levels. As mentioned, children with hearing loss typically have lower liter-
acy than their peers, affecting their neurocognitive development both educationally
and socially. These setbacks early in life can lead to an increased likelihood of unem-
ployment as well as poorer job performance.
Hearing loss is independently associated with incident all-cause dementia, with the

likelihood of dementia increasing with the severity of hearing impairment.17 Whether
hearing loss is causative or associative with dementia has yet to be elucidated.
Regardless, hearing impairment may be a marker for cognitive dysfunction in adults
over the age of 65,18 emphasizing the need for identification and treatment in these
individuals.
On a larger scale, hearing impairment in a greater proportion of individuals may

affect the proficiency of the workforce. To achieve long-term economic prosperity,
a country relies on the cognitive skills of its population.19 With an increasing proportion
of jobs depending on both spoken communication and high literacy,2 a greater



Global Hearing Loss 577
prevalence of hearing loss will inevitably affect the population at a societal as well as
personal level.

Worldwide Economic Impact of Hearing Loss

A recent report by the WHO20 estimates that worldwide unaddressed hearing loss
costs $750 billion annually. Included in this estimate are costs to health care systems
at $67 to $107 billion; costs of lost productivity owing to unemployment and premature
retirement at $105 billion; societal costs, including results of social isolation, commu-
nication difficulties, and stigmatization at $573 billion; and, finally, costs of additional
educational support to children age 5 to 14 years with moderate or greater hearing
loss at $3.9 billion. Importantly, it is estimated that two-thirds of the costs to the health
and education sectors occur in countries that are not high income.

Why It Matters

Demonstration of the health related, quality-of-life, and economic impacts of hearing
loss underscores the immense impact that hearing loss can have on both the individ-
ual as well as the global population. It is estimated that, regardless of the etiology, one-
half of all hearing loss in developing countries is preventable.8 Studies that examine
the comparative costs of prevention and treatment of hearing loss reveal the cost-
utility of prevention. Even in 1995, the World Health Assembly advised nations to
incorporate preventative measures for hearing loss, as well as early detection pro-
grams.21 They reinforced this statement in 2017, also calling for improved access to
affordable, cost-effective, high-quality, assistive hearing technologies and products.22

The goal of this article is to discuss the causes of hearing loss worldwide. By
exploring these etiologies, we will illuminate strategies for prevention. We will also
describe current treatment measures that can reduce the impact of hearing loss on
individuals already affected, identify gaps in access to care, and summarize proposals
to address these gaps.

Defining Hearing Loss

Defining the criteria for what constitutes a ‘disabling’ hearing loss is critical to accu-
rately assess the worldwide prevalence. Additionally, this process helps to identify
specific regions that should be targeted for resource allocation that may help to pre-
vent and treat hearing loss. The WHO defines disabling hearing loss (averaged over
0.5, 1, 2, and 4 kHz) as more than 40 dB in the better hearing ear in adults and
30 dB in the better hearing ear in children. Discrepancies between estimates of world-
wide hearing loss reflect slightly different criteria for ‘disabling’ hearing loss. For
example, the Global Burden of Disease estimates include a hearing loss of 35 dB or
greater. Hearing loss can also be defined by grade, which provides an auditory
description for the degree of hearing loss. Grades include mild, moderate, severe,
and profound and range from 26 to 811 dB, such that an individual with mild hearing
loss might have difficulty understanding soft speech whereas an individual with severe
loss will not hear most conversational speech.23

CAUSES OF HEARING LOSS
Congenital

Although less prevalent than acquired hearing loss, the consequences of congenital
hearing loss can be devastating. The incidence of severe-to-profound hearing loss dif-
fers between developed and developing countries. In the former, it is estimated that
2 per 1000 live births are affected, compared with 6 per 1000 in the latter.24 That equa-
tes tomore than 700,000 babies born with permanent hearing loss annually in low- and
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middle-income countries. Worldwide, the prevalence of severe-to-profound hearing
loss is estimated to be 39million. These numbers make hearing loss themost common
sensory deficit and congenital abnormality.
Genetic and environmental causes contribute equally to congenital hearing loss.25

Although there are recognizable and consistent causes of congenital hearing loss,
the exact etiology is often unknown.22 In these cases, prevention remains chal-
lenging. Syndromic cases should be suspected when children have the classic
concomitant features. Treacher-Collins syndrome, in addition to conductive hearing
loss, is characterized by craniofacial abnormalities hallmarked by midface underde-
velopment. Patients with Pendred syndrome may have a goiter in addition to senso-
rineural hearing loss. Patients with Usher syndrome will exhibit poor visual acuity,
hearing loss, and in some cases, vestibular symptoms. Waardenburg syndrome,
with its highest reported incidence in Kenya,25 presents with heterochromic eyes
and moderate-to-profound hearing loss. The features of Jervell and Lange-Nielson
syndrome include cardiac arrhythmias and profound hearing loss. Not all manifesta-
tions of syndromic hearing loss are evident at the time of diagnosis of the hearing
loss. Depending on the world region, one might expect higher rates of syndromic
causes secondary to varying rates of consanguinity. Consanguinity remains common
among 20% of the world population, particularly in the Middle East, West Asia, and
North Africa.26

Several genes have been identified as common causes of congenital hearing loss.
The most common cause of autosomal-recessive deafness throughout the world is
abnormalities of connexin 26.27 The incidence of deafness attributed to connexin mu-
tations has been shown to vary depending on the subpopulation. The high frequency
of connexin-26–related hearing impairment in certain populations may be the result of
the tradition of marriage between hearing-impaired persons.28 This notion is further
supported by the theory of assortative mating, which describes mating preferences
related to similarity in social backgrounds as well as similar phenotypes, which may
include hearing impairment.29

Infectious

Several of the infectious causes of hearing loss fall into the congenital/prenatal cate-
gory (eg, cytomegalovirus [CMV]). Infectious factors, however, play a role in hearing
loss at all ages. From a systematic review of the causes and prevalence of hearing
impairment in Africa, it is reported that the most common cause of hearing loss in
the general population is middle ear disease (comprising 36% of those with hearing
loss).30 In addition to otitis media, measles, mumps, cerebral malaria, and meningitis
are all important contributors.
Although measles (rubeola) is considered eradicated in the United States—despite

clustered outbreaks—it remains prevalent worldwide. In 2010, more than 300,000
cases of measles were reported, with approximately 125,000 deaths attributed to
its complications.31 Although the acute symptoms, such as diarrhea, dehydration,
and high fever often receive the most attention owing to the risk of death, subacute
and long-term effects include pneumonia as well as deafness. Contraction of measles
during pregnancy can also result in hearing loss for the infant.
Mumps, another vaccine-preventable illness, causes a typically benign, flulike

illness. In addition to possible symptoms such as parotitis, sensorineural hearing
loss can result 4 to 5 days after the initial symptom onset.32 Hearing loss owing to
mumps occurs in 3 different ways. The most common is sudden, unilateral complete
loss. The next most common is partial unilateral loss. The rarest form is bilateral com-
plete deafness, with fewer than 50 reported cases.33 The frequency of hearing loss as
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a complication of mumps infection varies from 1 per 1000 to 1 per 30,00034 cases. It is
themost common cause of unilateral acquired sensorineural hearing loss in children,35

although there are no accepted theories as to why mumps infections predominantly
affect only 1 side. Before the development of a vaccine, mumps infection was quite
common, occurring in more than 100 individuals per 100,000 based on routine surveil-
lance. With appropriate introduction and distribution of the mumps vaccine, the inci-
dence has been reduced by more than 97%.36 In regions without widespread
vaccination, it remains a more common etiology.
Rubella, like measles, can cause hearing loss both in those who contract the virus

as well as the fetuses of mothers who are affected. Sensorineural hearing loss is the
most common sequela of congenital rubella infection, resulting from direct cochlear
damage and cell death in the organ of Corti.37 In the congenital syndrome, hearing
loss may be the only overt manifestation of the disease. In countries where no na-
tional vaccination program exists, up to 10% of women are susceptible. In India
alone, it is estimated that between 42,000 and 267,000 newborns per year will be
affected.8

Toxoplasmosis, CMV, and herpes simplex infections also fall under the category of
“TORCH” infections (Toxoplasmosis, Other—eg, syphilis, Rubella, CMV, Herpes).
Without treatment, the prevalence of toxoplasmosis-associated sensorineural hearing
loss can be as high as 28%.38 Although CMV rarely causes symptomatic disease in
the host, congenitally acquired CMV can result in hearing loss. Not only is CMV the
leading cause of congenital infections worldwide, but in countries where rubella has
been reduced, it is the most common cause of congenital hearing loss not attributable
to genetic defects.39 CMV-mediated hearing loss has been well studied in the United
States, and Europe, but its impact is less well-characterized in low-resource set-
tings.40,41 Given the growing evidence of geographic and socioeconomic disparities
in CMV infection, CMV represents an important etiology of hearing loss that warrants
further study in low-resource environments.42,43

Nutrition

Emerging data suggest that undernutrition may represent an underappreciated eti-
ology of hearing loss in low-resource settings.44 There is a small but growing body
of literature from epidemiologic and animal studies demonstrating that certain
micronutrient deficiencies and acute and chronic manifestations of protein energy
malnutrition, such as wasting and stunting, are associated with hearing loss.45–51

Multiple mechanisms have been postulated for these relationships, including infec-
tious and congenital pathways. In an example of an infection-mediated pathway,
receipt of vitamin A in a community randomized vitamin A supplementation trial in
preschool-aged children in rural southern Nepal conferred a 42% reduction in
risk of young adult hearing loss among the group who experienced otitis media in-
fections in early childhood. There is evidence from animal studies to suggest that
gestational vitamin A deficiency may also result in congenital hearing loss, indepen-
dent of this infectious pathway.44 Across multiple animal models, gestational
vitamin A deficiency has resulted in dose-dependent aberrations in inner ear devel-
opment in offspring.44 If this observation persists in future studies in humans, it
would have important implications for hearing loss prevention through prenatal sup-
plementation in endemically vitamin A–deficient regions. Similar to vitamin A, there
is also evidence suggestive of dual pathways in the relationship between protein
energy malnutrition and hearing loss.46 As these relationships are further character-
ized, they may play an important role in hearing loss prevention in chronically under-
nourished populations.
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Noise Exposure

Frequent exposure to loud noise can also result in hearing loss. As the world has
become more industrialized, exposure to excessively loud noise has also increased.
The lack of noise prevention programs and awareness of the consequences of exces-
sive noise exposure occurs in both developed and developing countries, but is more
prevalent in the latter.52 In most countries, regulations specify that workers should not
be exposed to a noise level of more than 85 dB for more than 8 hours daily. In a study
of mine workers in Zimbabwe, where no hearing conservation program was in place,
noise-induced hearing loss was present in nearly 40% of workers.53 Noise alone may
not be the only reason for concern in industrial workers. Animal models have demon-
strated that, as the carbon monoxide concentration increases in addition to noise
exposure, there is an increase in the extent of auditory threshold impairment relative
to noise exposure alone.54 Heavy metals have similarly amplified the risk of hearing
loss in the setting of occupational noise exposure.55

Noise exposure affects not only workers, but also individuals who are exposed to
noise recreationally. For example, even listening to an MP3 player for 1 hour can result
in temporary changes in hearing sensitivity measured by audiometry and otoacoustic
emissions, indicating that there is potential harm in listening to these devices via head-
phones.56 In a setting of recreational hunting, there is wide variation in individual sus-
ceptibility to impulse noise and use of hearing protection. Individuals may sustain
irreversible damage to the inner ear from just one or a few shots.57

Drugs/Medications

A number of medications can result in significant hearing loss. A summary of
medications that have the potential for hearing loss is shown in Table 1. Important
medications to consider on a global level are antibiotics, antimalarials, and chemo-
therapeutics owing to their increased relative ototoxicity.4 In many of these medi-
cations, the benefits clearly outweigh the risks of hearing loss. Examples of such
scenarios include the use of chloroquine for malaria, gentamicin for neonatal
sepsis, and multidrug regimens for drug-resistant tuberculosis. The danger arises
from a lack of awareness and monitoring of hearing, which can lead to overuse
or misuse. The low cost and unregulated over-the-counter availability of gentamy-
cin make it a common cause of iatrogenic hearing loss and an important target
for hearing loss prevention.58 A study examining the prescribing practice patterns
of 64 practitioners in Bangladesh revealed that all antimicrobial agents were
Table 1
Common medications with hearing loss as a side effect

Class Example

Antibiotics Gentamycin

Antivirals Ganciclovir

Antifungals Amphotericin

Antimalarials Chloroquine

Antituberculous Capreomycin

Antineoplastics Cisplatin

Cardiovascular drugs Furosemide

Anticonvulsants Valproate

Immunosuppressants Tacrolimus



Global Hearing Loss 581
prescribed in inappropriate doses and duration, based on patient complaints.59

This finding is further supported by a cross-sectional study in Nicaraguan children
that suggests the high prevalence of gentamicin toxicity is owing to unrestricted ac-
cess to the drug, rather than by an underlying genetic susceptibility.60 Antibiotics
are not the only culprits, however. Although chloroquine is often used in developing
countries as an antimalarial agent, it can also be used to treat connective tissue
diseases. This treatment can result in sensorineural hearing loss, tinnitus, imbal-
ance, and other cochleovestibular manifestations.61 The incidence of ototoxicity
varies with age, with some data showing that the youngest are most vulnerable.62

There are a notable lack of data from developing countries on the prevalence of
hearing loss attributable to ototoxic medications. Further research is urgently
needed to elucidate the extent of the problem and develop evidence-based solu-
tions to address this preventable etiology of hearing loss that disproportionately af-
fects low-resource settings.

Age/Presbycusis

Another factor contributing to the increasing prevalence of worldwide hearing loss is
age-related hearing loss from greater life expectancy in many parts of the world. Most
countries are experiencing a period of rapid demographic change, which is not simply
limited to the expansion of population numbers.63 Owing to its lower level of socioeco-
nomic development, Africa is assumed to be on a much slower trajectory toward
replacement fertility, the level at which each generation replaces the previous one
without substantial population growth. The international incidence of presbycusis
varies widely, but there is some degree of hearing decrease with advancing age in
all individuals. An analysis of the National Health and Nutritional Examination Surveys
from 2000 to 2008 reveals that the overall prevalence of hearing loss in patients aged
60 to 69 years was 45%, and in those aged 70 to 79 years was 68%.64 As the socio-
economic status of developing countries improves, it is expected that the prevalence
of hearing loss associated with aging will also increase, approximating these figures
seen in the United States and other developed countries.

Trauma

Injuries that disrupt the anatomic structures of hearing, such as temporal bone frac-
tures involving the otic capsule, may affect hearing. Traumatic brain injury has
recently been associated with a higher incidence of long-term hearing loss. In a study
spanning a decade, it was revealed that traumatic brain injury led to a significantly
increased risk of hearing loss.65 With the high burden of traumatic brain injury owing
to road accidents in low-resource settings, it is possible that trauma is an underre-
cognized etiology of the increased burden of hearing loss in low- and middle-
income countries.66

Immune/Sudden

Multiple immune-mediated processes also affect the hearing pathway in children
and adults. Meniere’s disease, which primarily affects the lower frequency range,
has a widely ranging worldwide prevalence of 3.5 to 500 people per 100,000,67

increasing with age. Sudden sensorineural loss, which can result in significant uni-
lateral hearing loss, presents in more than 66,000 new cases in the United States
each year.68 The prevalence of autoimmune conditions leading to hearing loss,
such as Cogan’s disease, lupus, ulcerative colitis, and rheumatoid arthritis, is un-
clear, but it is thought that they account for less than 1% of all cases of hearing
impairment.69
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PREVENTION

Uncovering the etiologies of hearing loss allows for prevention strategies to target spe-
cific causes whenever possible. The WHO estimates that 50% of hearing loss can be
prevented, either through primary, secondary, or tertiary prevention.70 Primary
prevention aims to prevent hearing loss before it occurs. The goal of secondary pre-
vention is to detect hearing loss early to reduce its effects, and tertiary prevention
seeks to mitigate the impact of permanent hearing loss. Often, the prevention of a con-
dition is critical, because high rehabilitative costs can pose a barrier to care in low- and
middle-income countries.71 In such cases, primary prevention could eliminate the
need for costly treatment.

Primary Prevention Strategies

Strategies vary for primary prevention depending on etiology. In all cases, the adop-
tion of primary prevention strategies depends on increasing policymakers’ awareness
of the prevalence of hearing loss and its social, economic, and health consequences.2

Genetic syndromes will present more commonly in areas where consanguineous
marriage is practiced, but avoidance of this practice may be difficult in many cultural
environments. Widespread vaccination may result in the greatest worldwide impact on
the incidence of congenital and early onset hearing loss. As mentioned, the burden of
vaccine-preventable infections remains high globally. In India, it is estimated that
congenital rubella accounts for up to 40% of profound hearing impairment,8 and
rubella is one of the major preventable causes of hearing impairment across many
world regions. With proper vaccination of girls before child-bearing age, cases could
be reduced substantially or eliminated altogether. Despite this knowledge, as of 2002
only 58% of countries had routine rubella immunization programs.72 The high inci-
dence of bacterial meningitis in portions of sub-Saharan Africa represents another
vaccine preventable cause of hearing loss.73 Limitations owing to both the cost of
the vaccines and infrastructure for care delivery contribute to the lack of comprehen-
sive programs.
The examination of the specific costs of prevention versus treatment can influence

policy decisions on the distribution of resources in constrained settings. It is estimated
that the costs of screening a child for hearing impairment are 20 times that of vacci-
nation.74 The Global Immunization Vision and Strategy, which is endorsed by the
World Health Assembly and United Nations Children’s Fund, sought to reduce
vaccine-preventable disease mortality and morbidity by two-thirds by 2015 from
2000.75 For more than 70 million children in the world’s 72 poorest countries, this
would have resulted in protection against many potential causes of hearing loss
including rubella and meningitis. However, the costs to do so from 2006 to 2015
were estimated to be $35 billion USD.76

In addition to promoting vaccination, limiting the widespread use of ototoxic med-
ications can aid in primary prevention. Themost common cause of hearing impairment
from ototoxic drugs is the systemic or topical administration of aminoglycosides.77

Both public education and professional education for prescribers are necessary to
achieve primary prevention of ototoxic side effects. Ototoxic drugs should preferably
be reserved for cases when there are no alternatives. Importantly, animal models and
early human studies have indicated that therapeutic protection from aminoglycoside
ototoxicity may be conferred from the use of aspirin.78

Primary prevention of noise-induced hearing loss should be emphasized in all
occupational environments in which workers are at risk. Outside of occupational
exposure, road noise and personal entertainment devices represent sources of risk
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for noise-induced hearing loss.79 In the European Union alone, approximately
56 million people are exposed to road traffic noise at a level thought to be risky to
health.80 In both occupational and social settings, educational campaigns to promote
noise avoidance and noise reduction should be implemented. The routine use of hear-
ing protection and regular screening for noise-induced hearing loss in at-risk individ-
uals should be universally mandated by employers. Although the prevalence of
presbycusis increases with advancing age, limiting exacerbating factors such as
exposure to ototoxic medications and loud noises may reduce severity.2

Secondary Prevention Strategies

Primary prevention, although effective, cannot eliminate hearing loss entirely. The
goals of secondary prevention are to slow the progression of existing hearing
loss, prevent complications, and limit disability. Prevention strategies are particu-
larly critical for pediatric populations; in developing countries, the greatest burden
of hearing loss is borne by children.2 By the time some effects are evident, such as
poor school performance, months to years of a potential interventional window
have passed. One method for early detection is the implementation of routine uni-
versal newborn hearing screening programs. In the United States, 93% of new-
borns were given hearing screening tests during the neonatal period as of
2005.81 Without such programs, the age of diagnosis can be delayed until signs
and symptoms of hearing loss become evident. Other than the United States,
only 17 other countries have a universal newborn hearing screening program.82

Limitations of these programs include a shortage of individuals who are trained
to perform the testing, the availability of calibrated equipment, and births occurring
outside of a health care setting. In addition, the paucity of trained audiologists in
developing countries limits the availability of trained personnel to oversee the pro-
grams and initiate treatment when indicated.
In the United States, more than one-half of states also require some form of hearing

screening in school-aged children. School hearing screening provides an important
method for detecting the hearing loss that develops after birth and is particularly
important in regions where middle ear disease is common. In Australia, for example,
where the Aboriginal population experience high prevalence of middle ear disease, tel-
ehealth has been used for community-based hearing screening,83 and national school
screening protocol incorporates tympanometry in addition to pure tone screening.84

The early identification and treatment of otitis media may help to slow the progres-
sion of hearing loss or prevent its development altogether, limiting associated
disability. Early treatment of bacterial meningitis can prevent concomitant hearing
loss. A recent Cochrane review supported use of corticosteroids to prevent hearing
loss and other neurologic sequelae in high-income countries, but not in low-income
countries.85

Baltussen and colleagues86 examined the potential costs of screening children for
hearing disorders in China. Their study concluded that the health care costs associ-
ated with screening programs and hearing aid delivery were less in the primary care
setting. Screening methods will vary depending on the country, and variances in
methods do not necessarily make one superior to another. The absence of these pro-
grams in other countries may be due to the lack of evidence-based local guidance,
and financial or human resource-related barriers.87 Recommendations from the
WHO include implementing programs with clearly stated goals, engaging accountable
individuals who are responsible for the program, performing regular monitoring with a
clearly defined protocol, and implementing quality assurance procedures to show
when results are not consistent with expectations. Countries in which cost-effective
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analysis has been performed have shown that universal screening should be
prioritized.
Early identification is also important in the elderly population, where both the prev-

alence of hearing loss and the incidence of dementia are high. The relationship be-
tween peripheral hearing loss and cognitive function is complex,18,88,89 and is
particularly challenging in the clinical setting, where it can be difficult to determine if
decreased cognitive function is the result of hearing loss or age-related cognitive
decline. Furthermore, hearing loss has been shown to exacerbate cognitive impair-
ment.89 When these 2 conditions coexist, it is common for hearing loss to go undiag-
nosed. The use of periodic screening may help identify presbycusis for those over the
age of 65, who are known to be at an increased risk. Education of patients and their
families by primary health providers can provide tools for identifying the often-subtle
signs of hearing loss. When present, these patients should be referred for treatment
to help avoid the deleterious effects of hearing loss, such as social withdrawal. In in-
dividuals with noise-induced hearing loss, early detection is extremely important to
prevent further decline. Routine screening in occupational environments where noise
exposure is common will help to identify at-risk individuals and provide appropriate
treatment where necessary.
Last, the development of information and communication technologies (eg, tele-

health, mHealth, eHealth) offers potential solutions to address health care challenges,
particularly for rural and underserved communities in developing countries that tradi-
tionally lack access to health care.90,91 Telehealth solutions may improve access to
secondary prevention for better disease management, such as identifying and treating
hearing loss in both developed and developing countries. For example, the state of
Alaska has used telemedicine to enhance access to care in remote communities for
the past 15 years.92–94 Validation studies have demonstrated that digital otoscopy
images are equivalent to an in-person examination under binocular microscopy.
This essential finding facilitated the development of expert triage telemedicine for
ear-related consults and has greatly reduced the need for travel for postoperative
follow-up in remote communities.95–97 In addition to telemedicine, recent advance-
ment in mHealth-based screening devices have the potential to further advance ac-
cess to care in remote environments where audiologists and surgeons are scarce.98

Tertiary Prevention Strategies (Treatment)

When individuals who suffer from hearing loss are appropriately identified, there are a
number of treatment strategies than can be implemented, depending on the cause
and type of hearing loss. These strategies include, but are not limited to, hearing
aids, assistive listening devices, aural rehabilitation, sign language instruction, and
cochlear implantation. In the absence of such interventions, children may never
develop speech and language or the ability to communicate effectively.8 Allocation
of funding in both developing and developed countries relies heavily on the cost effec-
tiveness of the program or intervention to be supported. There has been an increasing
emphasis on cost-analysis and cost-effectiveness studies in recent years to prioritize
use of limited resources.
Although surgeries and hearing aids are useful, it is also important to consider adju-

vant treatments such as aural rehabilitation. Aural rehabilitation consists of a combi-
nation of sensory management, instruction, perceptual training, and counseling. The
premise of aural rehabilitation is that simply improving audibility of sounds may not
correlate with improved hearing perception and outcomes.99 By combining the
use of hearing aids with short-term audiological rehabilitation, the cost per quality-
adjusted life-year gained can be cut in half.100
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Hearing aids can improve outcomes for individuals with hearing loss. Unfortunately,
in developing countries, less than 2% of people in need of a hearing aid have one.70 As
discussed, simply augmenting sound with a hearing aid does not enhance communi-
cation, particularly in children, and the allocation of resources is necessary for educa-
tion and orientation to appropriate hearing aid usage. The osseointegrated implant, or
bone-anchored hearing device, may serve to benefit those for which the conventional
hearing aid does not work, such as single-sided severe-to-profound hearing loss or a
draining ear.101 However, owing to the limited cost-effectiveness data to date, the
bone-anchored hearing device is not considered interchangeable with conventional
hearing aids for these potential candidates.
Cochlear implants support a high level of function, with sentence recognition scores

of 80% or higher for most patients.102 This finding is supported by a systemic review
from 2013 that found unilateral cochlear implantation to provide not only improved
hearing, but also significantly improved quality of life.103 Restricted access to cochlear
implants is not limited to developing countries. In Canada, as the number of annual
cochlear implants increases, access is expected to bottleneck owing to both provin-
cial funding and access to surgical expertise.104 Similar issues likely affect access in
many countries.
The costs associated with cochlear implantation are not limited to the device itself.

Implantation requires a surgical procedure, with associated operative costs, as well as
close follow-up for programming and hearing rehabilitation. Cost-effectiveness
studies have been performed in both developed and developing countries and,
when consideration extends to discounted lifetime costs of the intervention, implants
are cost effective in both high- and low-resource settings. Cost analyses in low-
income countries are aided by the fact that surgical and medical personnel costs
are lower in these countries, and children who are implanted earlier require fewer re-
sources for education. In Nicaragua, the poorest country in the Western hemisphere,
cochlear implantation is cost effective and compares favorably with deaf education in
lifetime costs.105 In Hong Kong, cochlear implants have been shown to have cost
effectiveness greater than knee replacements, implantable defibrillators, and dial-
ysis.106 In a study analyzing the cost effectiveness of cochlear implantation in sub-
Saharan African countries,107 cochlear implantation was most cost effective in South
Africa, the only country with a robust national cochlear implantation program, and the
country with the highest gross domestic product in this region. Although not yet cost
effective in some emerging sub-Saharan African economies included in the study, a
sensitivity analysis that varied the cost of the cochlear implant showed that lower de-
vice costs could render this intervention cost effective in countries with a lower gross
domestic product. The authors aptly emphasize that quantifying the cost effectiveness
of health intervention can only be done within the context of the local environment.

Prioritization of Prevention Strategies

The development of primary, secondary, and tertiary programs for hearing loss pre-
vention and amelioration may seem like a daunting task in very low-resource environ-
ments. However, even in impoverished settings progress can be made, and efforts
built on as resources increase. A comprehensive strategy for addressing this burden
should be developed on a country-by-country basis, with subsequent efforts building
on what has already been accomplished. A newWHO resolution calls on governments
of all member nations to integrate strategies for ear and hearing care within the frame-
work of their primary health care systems.22 Strategies for decreasing the burden of
hearing loss according to per-capita income have been described,2,8 and are summa-
rized in Box 1.



Box1

Suggested strategies for reducing the burden of hearing loss according to country per capita

income

Low-Income Countries

� Assess the burden of disease to determine major causes

� Develop an educational campaign for the general public, including healthy practices during
pregnancy, speech and language milestones, the importance of vaccinations, and avoidance
of consanguinity

� Develop an educational program for health practitioners, including office or field
assessments of hearing, speech and language development milestones, ear examination,
treatment of ear infections and cerumen impactions, the importance of vaccinations, and the
avoidance of ototoxic medications and high levels of noise

Middle-Income Countries

� Institute universal newborn hearing screening

� Institute vaccination programs

� Work with the government and foundations to provide access to technologies such as
hearing aids and cochlear implants

� Increase training of needed professionals, including otolaryngologists, audiologists, speech
language pathologists, teachers of the hearing impaired, and trained health workers, and
make services available in rural as well as urban areas

� Provide educational opportunities for all children, by whatever means they can be
successfully taught

High-Income Countries

� Provide periodic screening of school-age children

� Ensure hearing aid and cochlear implant technology is available to all regardless of income
or geography

� Ensure appropriate hearing health care available to all regardless of income

� Ensure proper educational resources available to all children

� Devote special attention to the elderly, who are particularly affected in developed countries;
ensure that hearing health care is available regardless of income or geography; significant
hearing loss in this age group can lead to depression and withdrawal from society and is
associated with dementia and other negative health outcomes108

From Tucci D, Merson MH, Wilson BS. A summary of the literature on global hearing impair-
ment: current status and priorities for action. Otol Neurotol 2010;31(1):39; with permission.
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SUMMARY

Hearing loss represents the most common sensory impairment worldwide and is esti-
mated to affect greater than one-half of a billion individuals. The estimates of people
affected by hearing loss continue to increase, as do the associated costs. In the United
States, costs associated with hearing loss approach $US175 billion each year,109

despite the appropriate preventative and rehabilitative services available. Worldwide,
these total costs are staggering when accounting for the economic and societal costs
in addition to the burden on health care.
Programs to help detect hearing loss early and provide appropriate treatment are

essential to reducing the disabilities associated with hearing loss. With nearly one-
half of all hearing loss attributed to preventable causes, primary prevention strategies
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must be emphasized. Vaccine-preventable infections remain a key area for improve-
ment. Multiple studies have demonstrated the cost effectiveness of preventive and
rehabilitative programs, and a cohesive front is necessary to implement them on a
global level.
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