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1	 �Introduction

Challenges to hearing health are a significant 
public health problem.

At least ten million Americans have a hearing 
loss that interferes with the understanding of nor-
mal speech (Mitchell 2005). If lesser degrees of 
loss are included, the number rises to 28 million 
(US DHHS 2010). Sensorineural hearing loss 

(SNHL) is the commonest sensory deficit in 
more developed societies (Davis 1989). The term 
“deaf” is usually reserved for individuals with 
severe (>60–90 dBHL) or profound (>90 dBHL) 
losses, representing half a million Americans, 
while those with mild (<40 dBHL) or moderate 
(40–60 dBHL) losses are referred to as “hard of 
hearing” (Smith et  al. 2005; Blanchfield et  al. 
2001). Congenital losses sufficient to adversely 
affect speech and language development are seen 
in at least one per thousand newborns (Fortnum 
et al. 2001; Russ et al. 2003; Van Naarden et al. 
1999), and if lesser degrees of loss and unilateral 
losses are included, this number rises to up to five 
per thousand. Only 4% cases of hearing loss 
nationwide are accounted for by children under 
the age of 18  years, while 50% cases occur in 
persons 65 years of age or older (Russ 2001). The 
cumulative prevalence of hearing loss within the 
US population rises with age, as has been demon-
strated in other countries (Russ 2001; Parving 
and Christensen 1996), with the sharpest rise in 
prevalence occurring in old age, when 50–80% 
are ultimately affected (see Table 1). The relative 
contributions of delayed diagnosis of congenital 
losses, progression of existing losses, and acqui-
sition of new losses to the rising prevalence of 
hearing loss with age are uncertain. Improvements 
to the prevention, diagnosis, and management of 
hearing loss across all age groups are public 
health priorities (Reavis et al. 2016; Davis et al. 
2016).
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Table 1  Prevalence of hearing loss in the USA across the life span

Age

Estimated 
prevalence of 
hearing loss 
% (95% CI) Case definition

Author and year of 
study

Place of study and 
sample size Data source

Newborn 0.14% Bilateral loss >35 
dBHL requiring 
amplification

Mason, Herrman 
1992–1997

Honolulu, HI, 
10,372

Kaiser Permanente 
Honolulu, HI, NHSP

Newborn 0.19% Loss ≥35 dBHL in 
one or both ears

Mehl, Thompson
1992–1999

Colorado
63,590

Colorado NHSP

Newborn 0.31% Unilateral and 
bilateral 
sensorineural and 
conductive losses

Finitzo, Albright, 
O’Neal
1994–1997

Texas
54,228

Texas Newborn 
Hearing Screening 
Data

Newborn 0.33% Unilateral and 
bilateral 
sensorineural 
hearing loss

Barsky-Firsker, Sun 
1993–1995

Livingston, New 
Jersey, 15,749

St. Barnabas Medical 
Center Newborn 
Hearing Screening 
Data

3 years 0.067% 
(0.053–
0.085)

Bilateral PTA loss 
at 0.5, 1, and 2 
KHz ≥40dBHL in 
better unaided ear

Van Naarden, 
Decoufle, Caldwell 
1991–1993

Metropolitan 
Atlanta 255,742

Metropolitan Atlanta 
Developmental 
Disabilities 
Surveillance Program 
(MADDSP)

10 years 0.14% 
(0.12–0.16)

8 years 0.14%
0.12%

Bilateral PTA loss 
at 0.5, 1, and 2 
KHz ≥40 dBHL in 
better unaided ear

Karapurkar Bhasin, 
Brocksen, Avchen, 
Van Naarden Braun 
1996 and 2000

Metropolitan 
Atlanta
36,749 (1996)
43,593 (2000)

MADDSP

6–19 years 0.4% Bilateral loss at 
low (0.5, 1, and 2 
kHZ) frequencies 
PTA ≥26 dBHL

Niskar, Kieszak, 
Holmes, et al. 
1988–1994

USA 5249 NHANES III

0.7% Bilateral loss at 
high (3, 4, and 6 
kHZ) frequencies 
PTA ≥26 dBHL

14.9% Unilateral or 
bilateral loss PTA 
>16 dBHL at low 
or high frequencies

18–34 years 3.4% Self-reported 
hearing trouble

National Center for 
Health Statistics 
(1990 and 1991)

USA 239,663 National Health 
Interview Survey 
(NHIS)

35–44 years 6.3% Self-reported 
hearing trouble

National Center for 
Health Statistics 
(1990 and 1991)

USA 239,663 National Health 
Interview Survey 
(NHIS)

45–54 years 10.3% Self-reported 
hearing trouble

National Center for 
Health Statistics 
(1990 and 1991)

USA 239,663 National Health 
Interview Survey 
(NHIS)

48–59 years 21% PTA 0.5, 1, 2, and 
4 KHz >25 dBHL 
in the worst ear

Cruickshanks, 
Wiley, Tweed, et al.

Beaver Dam, WI, 
(EHLS) 4541

Epidemiology of 
Hearing Loss Study 
(EHLS)

70–79 years 66%

80 years 90%

(continued)
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Although there have been considerable 
advances in understanding the etiology of hearing 
loss, with genetic causes now thought to account 
for up to 50% of congenital losses (Mitchell 
2005), in many individual cases, the cause of 
hearing loss remains unknown. Even where 
genetic causes have been identified, discovery of 
the abnormal gene does not necessarily lead to an 
understanding of the mechanism whereby the 
gene’s product exerts its effect. Similarly, genetic 
and environmental causes of hearing losses that 
have their onset later in life have not been well 
defined. This lack of knowledge of the basic 
pathophysiology of hearing difficulties hampers 
prevention and treatment efforts.

Hearing health has important implications for 
general health and well-being. Both children and 
adults with hearing loss face significant educa-
tional and social challenges. For children who are 
profoundly deaf, language and academic levels at 
high school graduation have been reported his-
torically to correspond to those of fourth grade 
students with normal hearing (Holt 1993). Adults 
with hearing loss are reported to have higher lev-
els of unemployment (Parving and Christensen 
1993) and lower quality of life than their hearing 
peers (Appollonio et al. 1996). For older individu-
als, hearing disability is associated with acceler-
ated cognitive decline, depression, increased risk 
of dementia, poorer balance, falls, hospitaliza-

tions, and early mortality (for a review, see Davis 
et al. 2016). In addition to these medical conse-
quences, there are also social functioning implica-
tions including social isolation due to reduced 
communication, loss of autonomy, and financial 
decline. Traditionally, hearing losses in childhood 
and in adult life have been considered as separate 
issues.

Growing interest in life course theory has led 
to suggestions that it could prove useful to apply 
a life course lens to the study of hearing loss, and 
of hearing health, throughout the life span. The 
early years of life, especially the period from 
conception through to 3  years of age, are now 
understood to impact lifelong health. Childhood 
conditions and early experiences can become 
“embedded” into emerging biological systems, 
altering health trajectories. The Life Course 
Health Development (LCHD) model posits that 
health is an emergent capacity of human beings 
that dynamically develops over time in response 
to multiple-nested, ever-changing genetic, bio-
logical, behavioral, social, and economic con-
texts. Multiple risk and protective factors 
influence development of key biological systems, 
including the anatomic and biochemical determi-
nants of hearing ability, during critical and sensi-
tive periods of development (see Table 2). Health, 
at individual and population levels, is also influ-
enced by the timing and sequence of biological, 

Table 1  (continued)

Age

Estimated 
prevalence of 
hearing loss 
% (95% CI) Case definition

Author and year of 
study

Place of study and 
sample size Data source

60–90 years 29% PTA 0.5, 1, and 2 
KHz >26 dBHL in 
the better ear

Gates, Cooper, 
Kannel, et al. 
1983–1985

Framingham 1662 Framingham Heart 
Study

73–84 years 59.9% Hearing loss: two 
averages of 
thresholds 0.5, 1, 
and 2 KHz >25 
dBHL

Helzner, Cauley, 
Pratt, et al. 
1997–1998

Pittsburgh, 
Pennsylvania, and 
Memphis, 
Tennessee, 2052

Health, Aging, and 
Body Composition 
(ABC) Study

76.9% High-frequency 
hearing loss >40 
dBHL 2, 4, and 8 
KHz
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cultural, and historic events and experiences. 
Application of the LCHD model to hearing health 
challenges predominantly biomedical models 
and suggests that there are multiple potential ave-
nues for improving hearing health. As hearing 
losses in childhood and in adult life have been 
considered as separate issues, investigations into 
adult hearing loss largely ignore early-life expo-
sures. However, the LCHD model highlights the 
importance of studying these links.

In this paper we consider the implications of 
the LCHD model for understanding the mecha-
nisms, pathways, and determinants of hearing 
ability. We consider the implications of early hear-
ing loss for health development over the life course 
and the factors through the life course that contrib-
ute to hearing ability in adult life. We consider the 
concept not just of hearing loss but of “hearing 

health” and how to achieve it, the research priori-
ties that are suggested by this review, and the 
implications for policy and practice.

2	 �The Life Course Health 
Development Model 
and the Mechanisms, 
Pathways, and Determinants 
of Hearing Ability

According to Halfon and Forrest (2017), the 
LCHD model is grounded in the following seven 
principles:

	1.	 Health development: Health development 
integrates the concepts of health and develop-
mental processes into a unified whole.

Table 2  Risk and protective factors for hearing loss across the life span

Life stage Risk factor Protective factor

Prenatal 1. Syndrome association with HL
2. �Family history of permanent 

childhood SNHL
3. Craniofacial anomalies
4. In utero TORCH

1. Maternal rubella immunization

Perinatal 1. NICU >48 h
2. Jaundice-exchange Tx
3. Ototoxic medications
4. Meningitis

1. �Prompt treatment for neonatal 
jaundice.

2. Avoid/monitor ototoxic medications.
3. �Prompt antibiotic treatment for 

meningitis

Early childhood Pre- and Perinatal risk factors, plus:
1. Parent/caregiver concern
2. �Persistent pulmonary hypertension 

with ventilation.
3. Conditions requiring ECMO
4. �Syndromes associated with 

progressive hearing loss (e.g., 
neurofibromatosis, osteopetrosis, 
Usher’s)

5. �Neurodegenerative disorder (e.g., 
Hunter’s, sensorimotor neuropathies, 
Friedreich’s ataxia, 
Charcot-Marie-Tooth)

6. Head trauma
7. �Recurrent/persistent OME for ≥ 3 

months

1. Immunization
2. Avoid/monitor ototoxic medications.
3. �Prompt antibiotic treatment for 

meningitis
4.Head injury prevention
5.Noise avoidance/protection

Middle childhood, 
adolescence, and adulthood

Early childhood risk factors plus:
 � Noise
 � Drug/chemical exposure
 � Head trauma
 � Otosclerosis

1. Noise avoidance/protection
2. Avoid/monitor ototoxic drugs
3. Head injury prevention
4. Immunizations
5. Higher family income
6. Education

S.A. Russ et al.
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	2.	 Unfolding: Health development unfolds con-
tinuously over the life span, from conception 
to death, and is shaped by prior experiences 
and environmental interactions.

	3.	 Complexity: Health development results from 
adaptive, multilevel, and reciprocal interac-
tions between individuals and their physical, 
natural, and social environments.

	4.	 Timing: Health development is sensitive to the 
timing and social structuring of environmental 
exposures and experiences.

	5.	 Plasticity: Health development phenotypes 
are malleable and enabled and constrained by 
evolution to enhance adaptability to diverse 
environments.

	6.	 Thriving: Optimal health development pro-
motes survival, enhances well-being, and pro-
tects against disease.

	7.	 Harmony: Health development results from 
the balanced interactions of molecular, physi-
ological, behavioral, cultural, and evolution-
ary processes.

Taken together, these seven principles suggest 
that in order to understand the mechanisms 
underlying hearing loss and hearing health from 
a life course standpoint, it is essential to explore 
the role of multiple risk and protective factors 
operating at multiple levels to influence hearing-
related outcomes. In addition, scientists must 
study the emergence and development of hearing 
health trajectories over extended time frames, 
including the pivotal role of social relationships 
in the development of functional hearing capac-
ity. Researchers must consider the critical impor-
tance of timing in relation to sensitive periods 
and turning points in the development of hearing 
abilities. All of these principles point to the 
importance of adopting a developmental per-
spective on hearing health. The following sec-
tion takes each of these issues in turn, providing 
a review of the evidence pertaining to each.

2.1	 �Multiple Risk and Protective 
Factors

Traditional approaches to investigation of the eti-
ology of hearing loss have focused on finding a 

single or principal cause for clinically observed 
losses; however, etiology of hearing loss remains 
unknown in 35–55% most reported case series 
(Das 1996).

2.1.1	 �Genetics
Over the past two decades, there has been an 
explosion in understanding of the genetic basis of 
deafness. Over half of newborns with SNHL are 
now believed to have a genetic cause for their 
loss. Over 120 independent genes for deafness 
have been identified (Nance 2003). More than 40 
are associated with nonsyndromic dominant 
deafness and more than 30 with autosomal reces-
sive nonsyndromic deafness (Bitner-Glindzicz 
2002). Most newborns with inherited forms of 
hearing loss are born to hearing parents and have 
recessive, nonsyndromic losses (Russ et  al. 
2003). Mutations in a single gene—GJB2, cod-
ing for the connexin 26 protein which contributes 
to gap junctions in inner ear cells—are now 
believed to account for almost half of cases of 
hereditary nonsyndromic SNHL in America 
(Davis et al. 1990; Kelley et al. 2000; Cohn and 
Kelley 1999), with autosomal dominant, X-linked 
and mitochondrial mutations accounting for the 
remainder (Russ et al. 2003). Frequently, hearing 
loss occurs alongside associated conditions. The 
commonest form of syndromic SNHL is Pendred 
syndrome, where hearing loss is associated with 
thyroid abnormalities. Other syndromic losses 
include Usher’s syndrome, Waardenburg syn-
drome, Alport syndrome, and branchio-oto-renal 
syndrome. Not all genetic losses are expressed at 
birth. For example, although the mutation in the 
pendrin gene is present at birth, Pendred syn-
drome may be missed in the neonatal period as 
initial loss may be mild and progress over time, 
while the thyroid abnormality may not present at 
birth (Russ et  al. 2003). In Usher’s syndrome, 
hearing loss may precede accompanying vision 
loss by several years.

2.1.2	 �Gene-Environment Interactions 
and Epigenetics

It is becoming increasingly clear that even well-
described single-gene mutations known to result 
in hearing loss have a variety of expressed pheno-
types. Clinical phenotypes may vary depending 
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on either the effects of modifier genes or on gene-
environment interactions. Functional modifica-
tions to the genome, referred to as “epigenetics,” 
may result from DNA methylation, histone pro-
tein modification, and other mechanisms, and 
may occur only under certain environmental con-
ditions. For some individuals, a genetic predispo-
sition to hearing loss may only result in 
phenotypic expression under certain environ-
mental circumstances, and in others, hearing loss 
may only be manifest in late childhood, adoles-
cence, or adult life.

One of the best-described gene-environment 
mechanisms leading to expression of hearing loss 
is that involving the mitochondrial mutation, 
A1555G, where hearing loss in some individuals 
occurs only after exposure to aminoglycosides 
(Gurtler et  al. 2005; Fischel-Ghodsian 2003). 
Epigenetic modifications may result in either 
temporary or permanent upregulation or down-
regulation of transcription of certain genes. The 
timing and duration of key environmental trig-
gers may greatly influence the clinical pheno-
type. It is not yet known whether there are times 
in the life span beyond the prenatal period and the 
first years of life, such as puberty and menopause 
which are particularly sensitive to environmental 
effects.

2.1.3	 �Environmental Causes 
of Hearing Loss

Environmental causes of congenital hearing loss 
include congenital TORCH infections (toxoplas-
mosis, rubella, cytomegalovirus and herpes), pre-
maturity, birth asphyxia, jaundice, and ototoxic 
drugs. Although prematurity and low birthweight 
are known to be associated with congenital hear-
ing loss, the causal pathway has not been clearly 
delineated. One study in Atlanta showed elevated 
relative risks of bilateral sensorineural hearing 
impairment among children with lower birth-
weights: prevalence was 0.4/1000  in children 
weighing ≥4000 g, compared with 1.27/1000 for 
1500–1499  g and 5.1/1000 for those <1500  g 
(Van Naarden and Decoufle 1999). Admission to 
a Neonatal Intensive Care Unit (NICU) is a 
known risk factor for hearing loss, with pro-
longed mechanical ventilation, birth asphyxia, 

jaundice, extracorporeal membrane oxygenation 
(ECMO), and ototoxic medications all contribut-
ing risk. While a principal cause for hearing loss 
might be identifiable in individual cases, infants 
at this sensitive stage of aural development might 
be particularly susceptible to the cumulative 
effects of multiple risks on the infant’s hearing 
ability and to interactions between risk factors 
(Fligor et  al. 2005, Marlow et  al. 2000). For 
infants who have undergone ECMO, hearing loss 
may not be detected immediately but appears 
later in infancy or childhood, implying that the 
effects of the environmental agent in some way 
continue even after the period of exposure. 
Similarly, the influence of these early risk factors 
for hearing loss may not operate solely during 
childhood, but may continue throughout the life 
course. One recent study has shown a higher risk 
of SNHL in males aged 18 who were born small 
for gestational age (Barrenas et al. 2005b) and in 
males of short stature (Barrenas et  al. 2005a). 
This interesting finding has led to the hypothesis 
that fetal programming arising from intrauterine 
growth retardation might result in delayed cell 
cycles during development of the cochlea which 
eventually leads to development of SNHL in 
adulthood (Niskar et al. 2001). If this is the case, 
then some newborns who have normal hearing 
thresholds at birth may have underlying auditory 
system compromise which only becomes clini-
cally apparent in later life.

Hearing ability in the newborn period, then, 
may be best conceptualized as a spectrum, with 
the subsequent hearing trajectory followed by 
each child depending both on baseline hearing 
capacity together with the effects of multiple 
hearing risk and protective factors operating 
through the life course (see Fig. 1).

Prolonged otitis media in childhood is known 
to be associated with transient conductive hear-
ing loss; however, its role in the pathogenesis of 
permanent hearing loss is uncertain. In one series, 
self-reported hearing loss was recorded in 30% of 
young patients who had had secretory otitis 
media for more than 6 years (Ryding et al. 2005), 
while in another study only boys who had been 
treated with tympanostomy tubes were at 
increased risk of loss >20 dBHL for at least one 
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frequency at the age of 18 years (Augustsson and 
Engstrand 2005).

The environmental risk factor most closely 
studied for hearing loss in adulthood is noise 
exposure. Over 11 million Americans have regu-
lar exposure to sound levels which have the 
potential to damage hearing (National Institute in 
Deafness and Other Communication Disorders 
2002), and many of these exposures are related to 
occupations, e.g., mining, farm work, entertain-
ment industry, or recreational activities, e.g., rock 
concerts or motorcycles. While noise-induced 
hearing loss is typically gradual and insidious, 
starting with a notched loss in the high frequen-
cies, sudden hearing loss has also been reported 
in response to acoustic trauma, e.g., gunshot or 
explosion (Danielson 2005). With that said, noise 
exposure can manifest itself even without the 
presence of an observed audiometric impact, 
making the prevalence much greater than origi-
nally thought. For example, Tremblay et  al. 
(2015) reported a history of noise exposure, to be 
a primary risk factor among adults’ self-reporting 
hearing difficulties, even when there was no 
audiometric evidence of hearing loss.

Interactions between noise exposure and other 
risk factors for hearing loss, such as those present 

from infancy and childhood, have not been well 
studied, though smoking has been shown to 
increase risk of high-frequency loss and to exert 
an additive risk effect with noise exposure 
(Uchida et al. 2005). Evidence is emerging that 
exposure to leisure-time noise in young adults 
results in detectable changes to hearing capacity, 
indicated by decreased transient evoked oto-
acoustic emission (TEOAE) levels and reproduc-
ibility even when hearing thresholds remain 
normal (>20 dBHL) (Rosanowski et  al. 2006). 
Noise-induced threshold shifts have been 
observed in up to 12.5% children ages 6–19 years 
(Niskar et  al. 2001). Of young people who 
responded to a recent web-based survey, 61% 
reported experiencing tinnitus or hearing loss fol-
lowing attendance at loud music concerts (Chung 
et al. 2005). Compliance with recommendations 
regarding use of ear protection for those at risk of 
occupational exposure or for leisure-related 
exposures is generally low.

Despite the high prevalence of presbycusis, or 
age-related hearing loss, in the USA, the 
mechanism of pathogenesis has not been fully 
elucidated and appears to be multifactorial (Gates 
and Mills 2005), involving genetic and environ-
mental influences. A Danish study of twins aged 

Fig. 1  Hearing loss trajectories
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75 and older estimated a heritability factor of 
40% for self-reported reduced hearing 
(Christensen et al. 2001) and suggested that even 
older adults with hearing loss should be asked 
about familial risk factors. Interestingly, in a 
genome-wide linkage analysis in the Framingham 
Heart Study, several of the chromosome loca-
tions linked to presbycusis overlapped with loci 
known to cause congenital hearing loss, raising 
the possibility that the same genes might cause 
presbycusis and congenital hearing loss 
(DeStefano et  al. 2003). In individual cases, it 
can be challenging to distinguish age-related and 
noise-induced hearing loss, and in some cases 
both factors may contribute to the clinical pic-
ture. Adults, too, remain at risk of hearing loss 
secondary to bacterial meningitis, head injuries, 
and exposure to ototoxic medications.

While multiple risk and protective factors 
contribute to defined hearing deficits and elevated 
hearing thresholds, additional factors operating 
at multiple levels influence functional outcomes 
for individuals with hearing loss. It is well recog-
nized that two individuals with the same hearing 
loss etiologies may have identical audiometric 
thresholds, yet one is apparently asymptomatic 
while the other reports significant difficulties 
with hearing. Contributing factors may include 
different hearing environments—one individual 
may work or attend school in a less optimal 
acoustic environment than the other—or subtle 
differences in hearing pathology affecting, e.g., 
speech discrimination. Differences in speech 
understanding, among individuals with similar 
audiograms, also appear along the aging trajec-
tory. Individuals with similar chronological ages 
show differences in the ability to conduct sound 
along central auditory pathways (Clinard and 
Tremblay 2013). For children with congenital 
hearing loss, functional communication out-
comes are sensitive to age at diagnosis of hearing 
loss, age at onset of intervention, socioeconomic 
status, and degree of family engagement.

2.2	 �Hearing Health Trajectories

Baltes, Lindenberger, and Staudinger (2007) 
describe four distinct phases of health development:

•	 Phase 1—Generativity: Preconception and 
prenatal period is dedicated to the formation 
of the organism, within the context in which 
the developing fetus will emerge. This phase 
can include the nutritional inputs and neural-
hormonal contexts that influence the mother’s 
reproductive health trajectory, including early 
influences on the eggs that are developing in 
her ovaries years before she is reproductively 
able.

•	 Phase 2—Acquisition of capacity: The early 
years are dedicated to the development, acqui-
sition, and optimization of specific capacities, 
including investing in future health potential 
and anticipated developmental reserves.

•	 Phase 3 – Maintenance of function: The mid-
dle years are dedicated to maintaining func-
tion of these capacities in the face of 
accumulating risks and ongoing weathering.

•	 Phase 4 – Managing decline: The later years 
are dedicated to managing, adjusting, and 
adapting to functional decline of various body 
and regulatory systems.

These Phases are readily applicable to the 
study of the development of hearing health.

2.2.1	 �Generativity
Outside of genetic factors, there have been few 
studies addressing women’s preconception health 
and future risk of hearing loss in any children she 
might conceive. There has been little research 
into maternal preconception nutritional factors or 
neurohormonal variants that might pose a risk for 
future fetal auditory system development and 
function. The prenatal period has been more 
intensively studied, and multiple genetic and 
environmental factors contributing to disruption 
of hearing ability have been described. However, 
too often, underlying pathophysiologic mecha-
nisms have not been fully delineated. Formation 
of the auditory system in the fetus is a complex 
process, apparently sensitive to the effects of 
multiple gene products and environmental vari-
ants. In addition, hearing loss frequently occurs 
alongside other developmental effects either as 
part of a defined syndrome or for reasons that are 
obscure. Abnormalities can arise in the absence 
of a gene product, the formation of an abnormal 
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gene product, and/or in the regulation of a gene’s 
expression. Pathology can occur at the molecular, 
subcellular, cellular, or organ formation stages. 
Environmental effects may operate via disruption 
to the normal process of genetic transcription and 
translation or through mechanisms that are inde-
pendent of the genome, e.g., direct disruption of 
developing tissues. Environmental factors may 
act through more than one mechanism, and clini-
cal effects may vary significantly based on timing 
of exposure in relation to gestation. Effects on 
different organs of a single genetic or environ-
mental factor may be similar or quite different. 
Consequently, elucidation of the pathophysiol-
ogy of hearing loss requires a cooperative effort 
across multiple disciplines and approaches.

2.2.2	 �Acquisition of Capacity
Study of hearing ability during the early years 
has largely been limited to measurement of audi-
tory thresholds, yet children with identical 
thresholds may have very different hearing 
reserves, hearing potential, and hearing function. 
There is moderately good evidence that auditory 
input in the first 6 months of life is important for 
the development of functional hearing ability, 
suggesting that in some way the stimulation of 
auditory neurons in early postnatal life is neces-
sary for the acquisition of full hearing capacity 
(Levine et al. 2016). Among children with con-
genital hearing loss, adaptations such as the early 
use of hearing aids or acquisition of lip-reading 
skills may affect either physiologic hearing abil-
ity or functional hearing through stimulation of 
higher auditory pathways. Similarly, early acqui-
sition of sign language may circumvent auditory 
difficulties by providing an alternate route to 
functional communication. Life course models 
suggest that many factors contribute to an indi-
vidual’s functional hearing capacity, in ways that 
are currently poorly understood.

2.2.3	 �Maintenance of Function
In the middle years, adults attempt to maintain 
hearing function in the face of new risk factors 
such as occupational noise exposure, alcohol, 
smoking, etc. Many adults make conscious or 
subconscious adaptations to maintain function in 
the face of clinical or subclinical hearing thresh-

old drops (e.g., avoiding noisy environments, sit-
ting at the front of lecture halls, turning up the 
TV volume). The impact of early-life factors on 
hearing ability in the middle years has not been 
well studied, and the potential biochemical or 
cellular mechanisms whereby some individuals 
may be able to “buffer” a failing auditory path-
way while others cannot are unclear.

2.2.4	 �Managing Decline
In old age the emphasis is on functional adapta-
tion to decline in hearing ability. In addition to 
cogent biochemical and cellular mechanisms 
underlying the response to falling auditory capac-
ity, social and cultural factors play a large role in 
acceptance of and accommodations for reduced 
hearing ability.

To date, there have been no studies document-
ing hearing ability from birth through to death 
either at individual or population level, so hear-
ing trajectories can only be estimated using data 
from separate studies over different phases of the 
life course (see Fig.  1). We know surprisingly 
little about how slowly or rapidly hearing ability 
deteriorates both at individual and population 
level at different age ranges. We do not know to 
what degree recognized risk factors for hearing 
loss in the prenatal and early childhood periods 
continue to act as risk factors for hearing loss in 
later childhood, adolescence, and throughout 
adult life. What is more, there is evidence from 
animal studies to suggest that an early history of 
noise exposure can impact auditory function later 
in life (Fernandez et al. 2015). However, there is 
little longitudinal data to help determine whether 
hearing loss in middle and old age is preceded by 
threshold shifts earlier in life nor whether deteri-
orations in hearing ability in this middle phase of 
life occur continuously, or in a stepwise fashion.

Studies that approach hearing loss from a life 
course perspective are starting to emerge. 
Wisconsin teenagers actively involved in farm 
work have been demonstrated to have a higher 
prevalence of hearing loss compared with their 
peers who were not engaged in farm work, sug-
gesting that the hearing loss observed in adult 
farmers may, in fact, begin in childhood and ado-
lescence (Broste et  al. 1989). A recent study of 
over 2000 adults from Tennessee and Pennsylvania 
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aged 73–84 years revealed a prevalence of hear-
ing loss (>25 dBHL) of 59% at low frequencies 
and 76.9% at high frequencies. In a multivariate 
model, older age, white race, diabetes mellitus, 
cerebrovascular disease, smoking, poorer cogni-
tive status, occupational noise exposure, and ear 
surgery were all associated with hearing loss. 
Possible protective factors included salicylate use 
(black men) and moderate alcohol intake (black 
women). National Health Interview Survey analy-
ses have indicated that lower educational levels 
(less than high school) and lower family income 
are also associated with higher prevalences of 
hearing loss (Gates and Mills 2005). Recent ani-
mal study data suggest that pathological changes 
caused by early noise exposure in young mice 
might actually render inner ears more vulnerable 
to aging (Kujawa and Liberman 2006), while a 
retrospective clinical study suggested that noise-
induced hearing loss before old age may reduce 
the effects of aging at noise-associated frequen-
cies but accelerate deterioration at adjacent fre-
quencies (Gates et al. 2000).

Analysis of short-term longitudinal data from 
the UK and Denmark reveals that in adult life, 
hearing ability gradually and continuously dete-
riorates, at an average rate of 3 dB per decade for 
those under 55 and 9 dB/decade for those over 55 
(Davis et al. 1990). A recent short-term US longi-
tudinal study found a similar hearing threshold 
increase of 1 dB per year for adults age 60 years 
and over (Lee et al. 2005). Most US studies report 
a higher prevalence of hearing loss for men than 
women across all age ranges; however, more 
recent studies suggest gender differences might 
be starting to diminish because of changes in life-
style (Homans et al. 2016). More boys than girls 
are born each year with congenital hearing loss, 
and this increased vulnerability of males to hear-
ing loss continues through the life course. 
Increased genetic susceptibility and higher rates 
of exposure to noise, especially occupational 
exposures, have been proposed as potential 
causes for the observed gender differences, while 
estrogen has been hypothesized as exerting 
potential protective effects against hearing loss 
for premenopausal women (Hultcrantz et  al. 
2006). For females in the rural Midwest study, 
there was a rapid increase in prevalence of hear-

ing loss sufficient to interfere with the under-
standing of speech in the sixth decade, whereas 
for males it was earlier—in the fourth decade 
(Flamme et al. 2005), possibly reflecting differ-
ent environmental exposures, genetic suscepti-
bilities, or both. The Baltimore Longitudinal 
Study of Aging also showed that hearing sensi-
tivity declines twice as fast in men as in women 
at most ages and frequencies, with age of onset of 
decline being later in women. Although women 
have more sensitive hearing than men at frequen-
cies above 1000  Hz, men have more sensitive 
hearing than women at lower frequencies 
(Pearson et al. 1995), an interesting finding which 
has been replicated in other studies.

Although some studies appear to show a rising 
prevalence of hearing loss in the USA over time, 
even after adjusting for age (Wallhagen et  al. 
1997, Benson and Marano 1994), this has not 
been confirmed in others (Lee et al. 2004). There 
is general agreement, however, that with the aging 
of the “baby boomers,” the absolute numbers of 
individuals who are deaf or hard of hearing in the 
USA are set to rise. While prevention of hearing 
loss in old age remains an important goal, life 
course models emphasize that there are multiple 
routes to managing such hearing losses, although 
they require adaptations both at individual popu-
lation levels. Evidence suggests that powerful 
social and cultural factors may be limiting these 
adaptations. For example, less than 15% for those 
who would benefit from aids series and only 55% 
for those with more severe losses (Popelka et al. 
1988) accepted aiding despite good evidence 
from randomized trials that hearing aids improve 
outcomes (Yueh et al. 2003). High rates of non-
disclosure of hearing loss by students to institu-
tions of higher education (Richardson et al. 2004) 
and in the workplace have also been reported, 
suggesting that there may be a stigma attached to 
disclosure of hearing loss.

2.3	 �Social Relationships

Hearing ability is closely related to ability to com-
municate via the spoken word and as such has the 
capacity to impact multiple social relationships. 
Most children with hearing loss are born to hear-
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ing parents who have no experience of living with 
and adapting to hearing difficulties. Parents face 
early decisions regarding whether or not to pursue 
use of hearing aids and choice of language modal-
ity. Historically, intervention programs were 
divided into signing or oral/aural approaches. 
Parents faced the difficult decision of choosing 
one or other route. In more recent years, programs 
have emerged that address multiple communica-
tion modalities, and it is not unusual for children 
and families to trial several approaches before 
deciding on a principal course of action. 
Nonetheless, parents face the sometimes daunting 
task of acquiring a new language, sign language, 
in midlife to aid communication with their child. 
Not surprisingly, studies of language develop-
ment among children that are deaf or hard of hear-
ing have identified family engagement and 
maternal sensitivity as important factors influenc-
ing outcomes from interventions and maternal 
sensitivity (Pressman et al. 1999). These findings 
are very much in tune with life course models that 
emphasize the importance of social relationships 
at every stage of health development. Early deci-
sions have a potential for lifelong impact. For 
example, there may be less-immediate imperative 
for fathers to become fluent in sign language if 
mother is the primary caregiver, but in the long-
term this is essential for the development of one of 
the child’s pivotal social relationships if sign lan-
guage is a chosen mode of communication. 
Parents’ abilities to access resources to support 
communication and relationship building with 
their child are dependent on factors at multiple 
levels including financial resources, services 
offered in their geographic location, parents’ abil-
ity to take necessary leave from work or limit 
work hours, support of the wider family including 
grandparents, aunts, and uncles, and willingness 
of the local community to make adaptations (e.g., 
close-captioned TV and interpreter services).

2.4	 �Sensitive Periods and Turning 
Points

The LCHD model posits that individuals are 
most susceptible to the effects of multiple risk 
and protective factors during critical and sensi-

tive time periods in development. Many of these 
sensitive periods occur before birth and in the 
first years of life, when physiological systems are 
being initialized and programmed. Health, or 
lack of health, results from both genetic makeup 
and both the timing and sequence of biological, 
psychological, cultural, and historic events.

For example, cytomegalovirus (CMV) infec-
tion in the first or second trimester may result in 
widespread organ damage affecting cognitive 
and neurological function in addition to hearing 
loss, while infection later in pregnancy may 
result only in a progressive hearing loss which 
develops later in childhood (Rivers et al. 2002), 
when CMV may not be identified as causative 
(Pass 2005). Prelingual deafness, occurring prior 
to the development of language, has far more 
profound impact than postlingual deafness. 	
There is considerable debate, however, about the 
nature of critical and sensitive time periods for 
early language development. The balance of evi-
dence currently supports early identification of 
and intervention for hearing loss prior to the sixth 
month of life as being advantageous for future 
language development. Consequently, identifica-
tion of hearing loss no later than age 3 months 
and commencement of intervention no later than 
6  months are important goals of the National 
Newborn Hearing Screening program; however, 
some experts suggest that optimal diagnosis and 
intervention should begin even earlier.

Parents of children with profound losses face 
another decision with long-term implications 
when they determine whether they wish their 
child to receive cochlear implantation. There is 
some evidence to suggest that early implantation, 
before the second year of life, results in an advan-
tage of language acquisition over later implanta-
tion and that bilateral implantation is advantageous 
to unilateral. Balanced against this is the desire by 
some providers and parents to leave one ear free 
for potential future technologically advanced 
adaptations and the difficulties inherent in making 
a decision for the child before they are old enough 
to express their own view. These difficulties are 
compounded when the evidence base on which 
families make these decisions is uncertain at best. 
Life course models emphasize the importance of 
professional working in partnership with families, 
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providing unbiased information and ensuring they 
are fully informed about the state of evidence.

Critical timing decisions are not confined to 
the early years. Young adults with hearing loss 
often find their need for aiding and hearing sup-
ports increase as they progress through the edu-
cational system and on to higher education. Older 
adults entering more acoustically challenging 
work environments may also need additional 
supports for the first time. Failure to identify and 
address these needs could result in unnecessary 
withdrawal from education or employment.

2.5	 �A Developmental Perspective 
on Hearing Health

The LCHD model regards health as a “capacity 
for life,” envisaging a continuous dynamic pro-
cess during which each individual interacts with 
her environment in ways that either support or 
inhibit the development of health. Accordingly, a 
diagnosis of profound hearing loss does not nec-
essarily commit that person to a state of “poor 
health.” Rather, with appropriate adaptations, 
high levels of communication and interpersonal 
relationships can be achieved. In fact, many 
members of the deaf community feel strongly 
that their condition is not a deficit, do not choose 
to use assistive technology, and view their choices 
as quite simply an alternate way of living.

Hearing loss poses particular challenges early 
in life, especially if it goes undetected. Deprived 
of auditory input and lacking alternatives such as 
sign language, infants are challenged to develop a 
structure or “scaffolding” for language. Evidence 
suggests that this can affect many other aspects of 
development including social pragmatics. The 
impact of hearing loss is closely related to the 
developmental stage in which it occurs, being 
strongest when onset is in the prelingual years. 
Even moderate losses with onset at adolescence 
can impact social development and academic 
attainment. Life course models stress the impor-
tance of viewing hearing loss in developmental 
context and ensuring that interventions are devel-
opmentally appropriate. In recent years early 
intervention has shifted from models in which 

interventionists worked primarily 1:1 with chil-
dren to one in which the therapist works with the 
family to support their interactions and interven-
tions with their own child, mirroring the primacy 
of parent-child interactions at this developmental 
stage.

A health development perspective emphasizes 
the importance of considering the individual’s 
developmental stage when tailoring interventions 
and promoting hearing health. For example, in 
infancy the emphasis must be on facilitating early 
communication and primary relationship devel-
opment; in the preschool and early school years, 
it will be on communication for wider relation-
ship development and hearing for early learning; 
in adolescence issues of identity and peer accep-
tance come to the fore; in adulthood adaptation to 
the workplace, projection of a competent profes-
sional image, romantic relationships, and finding 
a life partner are prime concerns, followed by 
becoming a good parent. In old age the focus is 
on avoidance of being a burden to family and 
society and maintaining close relationships and 
quality of life. Each stage requires a related yet 
focused response from public and individual 
health services.

3	 �Implications of Early Hearing 
Loss for Health Development 
over the Life Course

We have already described how early hearing 
loss sufficient to interfere with speech and lan-
guage development can negatively impact com-
munication and social skills and education and 
occupational attainment. However, even mild 
degrees of loss have been associated with educa-
tional challenges including greater likelihood of 
grade repetition and attention difficulties in 
school (Bess 1998), while slight bilateral hearing 
loss, frequently unrecognized by parents, has 
been associated with lower reading scores (Byrd 
2002). Recent studies suggest that many factors 
impact the expressive vocabularies of children 
with congenital hearing loss in the first 2 years of 
life, but that diagnosis and commencement of 
early intervention prior to the age of 3  months 

S.A. Russ et al.



361

has a sustained beneficial effect (Vohr et  al. 
2011). Children diagnosed early, without signifi-
cant comorbidities and who receive a cochlear 
implant up to 45%, are reported to have normal to 
slightly delayed language development (Verhaert 
et al. 2008). While cochlear implantation is not 
the only route to language development, and 
many factors in addition to age at intervention 
contribute to language abilities, this finding 
underscores the importance of the child’s experi-
ence very early in the life course for future lan-
guage development.

The quality of studies that investigate devel-
opmental effects of early hearing loss varies con-
siderably. Some are confined to those children 
that have hearing loss as their only condition and 
have an IQ within the normal range, while others 
do not exclude children with either additional or 
related conditions. Consequently, caution must 
be exercised in ascribing developmental effects 
solely to the impact of hearing loss. In addition, 
there are special difficulties inherent in estimat-
ing the IQ of children that are deaf or hard of 
hearing (Vernon 2005), including capacity for 
testing in the child’s language (e.g., sign lan-
guage). Nonetheless, there is good evidence that 
children who are hard of hearing find it much 
more difficult than children with normal hearing 
to learn vocabulary, grammar, word order, idiom-
atic expressions, and other aspects of verbal com-
munication (Mohr et al. 2000).

Communication difficulties that persist into 
adolescence and adult life affect later education, 
employment, and well-being, and pose signifi-
cant challenge for day-to-day life (NIDCD Plain 
Language Strategic Plan 2003). High levels of 
intelligence do not necessarily protect against 
significant life challenges. In one study of 57 
intellectually gifted deaf and hard of hearing sub-
jects followed longitudinally, almost half gradu-
ated from a four-year college, but 39% 
experienced mental illness of sufficient severity 
to warrant inpatient hospitalization or outpatient 
therapy, and a surprising 30% were unemployed 
(Vernon and LaFalce-Launders 1993). Similar 
(31%) unemployment rates were found in a group 
of young Danish adults, aged 20–35 years, with 
congenital hearing loss versus 12% in the age-

matched hearing population (Parving and 
Christensen 1993). Disappointingly, a recent 
Australian study using historic data on the 
employment of deaf school leavers demonstrated 
that deaf adults continue to have poor employ-
ment outcomes despite access to higher educa-
tion and legislation prohibiting discrimination. 
The authors suggested that programs addressing 
community attitudes to deafness might be needed 
to bring about change (Winn 2007). This conclu-
sion is consistent with a life course approach to 
understanding outcomes, as it emphasizes the 
importance of considering multiple levels of con-
tributory factors, including community attitudes, 
when investigating well-being at all stages of life. 
In contrast, a more recent study from the USA of 
46 young adults that attended a nonpublic agency 
school for the deaf reported high levels of college 
completion and employment (Appelman et  al. 
2012).

There is mixed evidence regarding the effects 
of hearing loss on mental health at different 
stages of the life course. Australian children have 
been demonstrated to have lower parent-reported 
psychological well-being than their hearing 
peers, while those with mild losses actually had 
poorer health-related quality of life (HRQoL), 
possibly reflecting added stress resulting from 
unrealistic expectations of hearing ability (Wake 
et al. 2004). Dutch youth with auditory disabili-
ties had two to three times higher prevalence of 
mental health problems than the normative sam-
ple in one series (Van Eldik 2005), while elderly 
prelingually deaf people in Sweden who used 
sign language showed a greater frequency of 
depressive symptoms and insomnia than hearing 
peers, though there was no significant difference 
in perceived well-being. Interestingly, age-
associated acquired hearing loss has been 
reported to lead to more emotional issues and 
social isolation than lifelong hearing loss 
(Gething 2000), possibly reflecting adjustment 
and coping issues. In a recent qualitative study, 
deaf and hard of hearing US adults reported dif-
ficulties with access to adequate mental health 
services, largely due to communication barriers, 
along with feelings of isolation and stigma 
(Cabral et  al. 2013). In a Lancet review of the 
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mental health of deaf people, the authors con-
cluded that early access to effective communica-
tion with family members and peers was a 
protective factor for mental health and that provi-
sion of specialist services by professional trained 
to communicate with deaf people and with sign 
language interpreters could improve access to 
both mental health and more general health ser-
vices. Such access is particularly important for 
the 25% of deaf individuals reported to have 
additional disabilities and a high probability of 
complex mental health needs (Fellinger et  al. 
2012). Discussing mental health issues through 
interpreters is not easy—studies also suggest that 
careful training is needed to reduce possible role 
conflicts and ensure conceptual equivalence in 
real-time translating (Sheppard 2011). 
Professional services must be culturally compe-
tent. Deaf adults report feeling that interpreters 
were not welcome during mental health encoun-
ters and were generally not asked about depres-
sive symptoms even when manifesting signs of 
depression (Sheppard and Badger 2010).

Deaf and hard of hearing people also report dif-
ficulties with access to general health services, and 
are frequently excluded from health research. 
Recent community-based participatory research 
has identified some glaring health inequalities in 
the deaf community, notably obesity, partner vio-
lence, and suicide (Barnett et al. 2012), while other 
studies have demonstrated inconsistent knowledge 
of common health issues such as cardiovascular 
health related to difficulties with communication 
during health education (McKee et  al. 2011). 
Fewer than one in ten deaf women report fully 
understanding what the doctor tells them when 
visiting the doctor’s office alone (Ubido 2002).

The relationship between congenital hearing 
loss and mortality is uncertain. One study showed 
no excess of mortality among prelingually deaf 
people compared with hearing controls, although 
a small excess in mortality was observed for post-
lingually deafened individuals (Barnett and 
Franks 1999), again possibly reflecting adjust-
ment and coping difficulties. In the USA, 
Schubert et  al. (2017) studied the associations 
between hearing, visual, and olfactory impair-
ments with mortality and somewhat surprisingly 

found that olfactory impairment, but not hearing 
or visual impairment, was associated with an 
increased risk of mortality. In Iceland, older men 
with hearing impairment or dual sensory impair-
ment (vision + hearing loss) had a greater risk of 
dying from any cause and particularly cardiovas-
cular causes within a median 5-year follow-up. 
Women with hearing impairment, however, had a 
nonsignificantly elevated risk (Fisher et al. 2014).

4	 �Achieving Hearing Health

Health is increasingly conceptualized not just as 
the absence of disease but as a positive capacity 
for life. Achieving “hearing health,” then, means 
more than just avoiding “poor” outcomes. At 
each stage of life, hearing capacity needs to be 
sufficient for the functional needs of the individ-
ual and for successful interaction with the broader 
environment. Interventions are no longer aimed 
at simply remediating deficits but must be tai-
lored to ensure that each individual can meet her 
needs, develop her full potential, and, regardless 
of adaptations adopted or chosen method of com-
munication, interact successfully socially with 
the broader population (Lin et al. 2016). In early 
childhood, during the period of language 
acquisition, children with severe and profound 
hearing loss face significant communication 
challenges. Early diagnosis, prompt intervention, 
and ready access to the family’s choice of com-
munication modality appear to offer the best 
hope for successful outcomes. Throughout child-
hood, optimum hearing capacity needs to be 
maintained through continuous use of high-qual-
ity assistive listening devices such as hearing aids 
and use of frequency modulation (FM) classroom 
systems. Access to teachers of the deaf and to 
sign language and sign language interpreters 
needs to be provided if children are to meet 
increasing school curricular demands.

As children who are deaf or hard of hearing 
transition into higher education or the workforce, 
they need to have the same range of occupational 
choices as their hearing peers. The acoustic 
demands of the workplace may be more challeng-
ing than structured classroom settings, presenting 
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difficulties even for those with mild or minimal 
hearing loss. For older adults with age-related or 
noise-induced hearing loss, the ability to maintain 
social and occupational functioning is an impor-
tant goal of habilitation, as even mild degrees of 
hearing loss may result in difficulties with conver-
sational speech under adverse listening conditions 
such as the presence of background noise or 
reverberation (Gordon-Salant 2005). 
Understanding of accented speech is particularly 
challenging for the elderly, so the changing demo-
graphics of the USA with increasing diversity of 
accents may pose added challenges in future 
years. Adoption of a positive functional frame-
work for hearing health implies that assessments 
of hearing ability at all ages should not be limited 
to documentation of hearing thresholds under 
testing conditions but need to measure the indi-
vidual’s functional hearing capacity in their 
everyday life—an area where even mild limita-
tions may have negative consequences before sig-
nificant threshold shifts are observed. Similarly, 
amplification to a specified threshold level may 
not be sufficient in and of itself to ensure an indi-
vidual’s ability to maintain a prior job function, or 
to manage social situations in a way that achieves 
true hearing health.

Hearing health may be achieved in different 
ways by different individuals—a person with a 
profound hearing loss who is fluent in sign lan-
guage and able to communicate successfully with 
both deaf and hearing peers through the use of 
readily available translators has found one route 
to hearing health. For others, it may come with 
the use of hearing aids. Conversely, the middle-
aged construction worker who develops a notice-
able hearing loss, is unable to afford a hearing 
aid, and reluctantly avoids social situations due to 
his communication difficulties is not achieving 
hearing health. Optimization of hearing health—
both at individual and population levels—could 
yield significant benefits in quality of communi-
cation and social interactions.

Current evidence suggests that many 
Americans, across all stages of life, are not 
achieving full hearing health. Until recently, late 
diagnosis of congenital hearing loss was the 
norm, with a reported mean age at diagnosis of 

24–30  months in 1989 (Gustason 1989; Moore 
et al. 1990). Consequently, many children (who 
are now in adulthood) missed the opportunity for 
very early intervention during a critical and sen-
sitive time period for language acquisition.

Although Universal Newborn Hearing 
Screening programs have made great strides in 
reducing ages at diagnosis and intervention, some 
children still “fall through the cracks,” or fail to 
return for follow-up appointments, and are diag-
nosed late. The Centers for Disease Control 
(CDC) Early Hearing Detection and Intervention 
(EHDI) program aims to promote communica-
tion from birth for all children and to ensure that 
children with hearing loss achieve communica-
tion and social skills commensurate with their 
cognitive ability (National EHDI Goals). 
Screening of all newborns by 1  month of age, 
diagnostic evaluations for all screen “refers” by 
3  months of age, and commencement of early 
intervention by 6 months of age are core EHDI 
goals. However, a 2004 (UPDATE) survey of 
screening program administrators revealed that 
only 55% of infants needing diagnostic audio-
logic evaluations are receiving them by 3 months 
of age, and only 48% of infants confirmed with 
hearing loss commence early intervention ser-
vices by age 6 months (Van Naarden and Decoufle 
1999). Similar experience has been reported in 
the UK in a follow-up to the Wessex study, where 
fitting of aids and commencement of early inter-
vention did not occur in approximately half of 
cases until the child was over 18  months old 
(Kennedy et  al. 2005). Factors cited by EHDI 
administrators as contributing to follow-up chal-
lenges include shortages of pediatric audiolo-
gists, delays in obtaining necessary insurance 
authorizations, and lack of knowledge of the 
EHDI system by primary care physicians. Parents 
too may be reluctant to accept the results of a 
computerized test of hearing in a baby who 
appears normal, while cultural biases and nega-
tive perceptions of deaf people might contribute 
to lack of acceptance of diagnosis and lack of 
compliance with the use of hearing aids (Mutton 
and Peacock 2005).

While the vast majority of children with mod-
erate or greater degrees of hearing loss will be 
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detected by current newborn screening protocols, 
many cases of milder loss, both bilateral and uni-
lateral, will be missed. When screen protocols 
reliant only on otoacoustic emissions (OAEs) are 
used, cases of auditory neuropathy will also be 
missed. The question of how much benefit results 
from early detection of mild and unilateral losses 
remains unanswered, but there is evidence that 
even mild losses may be associated with aca-
demic difficulties, while in one series unilateral 
losses were demonstrated to be associated with 
scholastic or behavioral problems in school in up 
to 30% affected children (Brookhouser et  al. 
1991). These findings raise the question of 
whether earlier intervention for these types of 
loss might also improve long-term outcomes. 
Ongoing audiological surveillance throughout 
childhood is needed if children with late-onset, 
progressive, or acquired hearing loss are to be 
identified at the earliest possible time (National 
EHDI Goals). Although hearing assessment is 
recommended at each preventive health visit in 
childhood, the method of the assessment, pass/
fail criteria, and follow-up protocols have not 
been clearly delineated. Joint Committee on 
Infant Hearing recommends that any infant with 
risk indicators for progressive or delayed-onset 
hearing loss receive audiological monitoring 
every 6 months until age 3 years, yet risks will 
probably persist beyond this age. Of children 
ages 3–19 years, 10% are reported to “refer” on 
audiometric screening at pediatrician visits, of 
whom less than half report receiving any follow-
up services (Halloran et  al. 2005), limiting the 
effectiveness of these screening efforts. Although 
school-entry hearing screening and intermittent 
screening throughout the school years are per-
formed through most school districts, there are 
few published data on the outcomes of these 
screening programs. For adults, screening is rec-
ommended every decade after age 18 years with 
more frequent monitoring after age 50 or if there 
are risk factors such as occupational noise expo-
sure. In practice, however, compliance with 
screening recommendations is low. Acceptance 
rates of hearing aids in adults are also low—less 
than 15% for those who would benefit in one 
series and only 55% for those with more severe 

losses (Popelka et  al. 1998)—despite good evi-
dence from high rates of nondisclosure of hear-
ing loss by students to institutions of higher 
education (Richardson et  al. 2004) and in the 
workplace have also been reported, suggesting 
that there may be a stigma attached to disclosure 
of hearing loss.

These findings all suggest that powerful social 
and cultural factors may act throughout the life 
course as strong disincentives for the identifica-
tion and treatment of hearing loss. Indeed, data 
suggest that the identification of hearing losses 
later in life is far less complete than in the early 
years at population level. Hearing aids do not 
appear to be as well accepted by the population 
as, for example, glasses—this may reflect issues 
of cost, availability, and ease of use, but may also 
reflect negative cultural attitudes. Many health 
plans, for example, do not cover the provision of 
hearing aids despite the fact that hearing loss is 
the third most prevalent chronic condition in 
older adults (Yueh et  al. 2003). In the USA, 
where hearing aids can cost approximately $5000 
US dollars, efforts are being made to make hear-
ing technology more affordable and more acces-
sible. In their report, the National Academies of 
Sciences, Engineering, and Medicine and their 
task force recommended key institutional, tech-
nological, and regulatory changes that would 
enable consumers to find and fully use appropri-
ate, affordable, and high-quality services and 
technologies (National Academies 2016). One 
such recommendation is to implement a new 
Food and Drug Administration (FDA) device cat-
egory for over-the-counter wearable hearing 
devices. Another is to improve affordability of 
hearing health care by actions across federal, 
state, and private sectors.

5	 �Research Priorities

The Life Course Health Development (LCHD) 
model provides a comprehensive conceptual 
framework for understanding both how hearing 
loss develops and how hearing health can be 
achieved throughout the life span. This frame-
work can be used to guide formation of a research 
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agenda incorporating study of early developmen-
tal influences and genetic, environmental, social, 
societal, and cultural contributors to hearing 
health. Here we consider priorities for this agenda 
arising from this application of the model to hear-
ing health. These include the need for a compre-
hensive knowledge synthesis, adoption of 
longitudinal interdisciplinary study designs, 
place of hearing loss registries, better measures 
of positive hearing health, further development of 
investigation of pathophysiology of hearing loss, 
involvement of the deaf and hard of hearing com-
munities in the design and conduct of the research 
agenda, and more translational research in how 
best to move evidence into practice.

5.1	 �Knowledge Synthesis

Existing knowledge of auditory pathology resides 
in multiple disciplinary silos, with few attempts 
to draw all of the knowledge together into one 
area. Epidemiologists do not generally read cell 
biology journals, while psychologists and teach-
ers of the deaf seldom read publications on epi-
genetics. Yet, each may have knowledge that 
could prove useful if not invaluable to the other. 
The LCHD model indicates how diverse factors, 
being studied by quite separate groups of indi-
viduals, contribute to a cohesive whole, with the 
relationships between factors too often ignored in 
research studies. The challenge is to gather rele-
vant materials together in such a way that it is 
comprehensible and readily accessible across 
disciplines. This paper represents one attempt to 
move across multiple disciplinary lines and con-
sider, using the life course framework, the myriad 
of potential factors operating at multiple levels to 
contribute to hearing ability at individual and 
population levels.

5.2	 �Study Design

The preceding discussion of a life course view of 
hearing health makes a strong argument for a need 
to shift from cross-sectional to longitudinal study 
designs, and from a uni- or limited disciplinary 

approach to one in which multiple disciplines 
contribute to the same study. An “ideal” study 
would involve following a large cohort prospec-
tively, preferably starting prior to conception and 
continuing throughout the life span. The study 
would incorporate detailed measures of hearing 
health at multiple points during the life course, 
together with a wide range of additional genetic, 
epigenetic, biological, general health, environ-
mental, psychological, social, and educational 
measures. No existing studies fulfill all aspects of 
the ideal, but a few longitudinal studies do exist 
that embody some of these features. For example, 
the National Child Development Study (NCDS; 
UK) (1958), the British Birth Cohort Study 
(1970), and the Avon Longitudinal Study of 
Parents and Children (ALSPAC) each includes 
some measures of hearing ability. However, even 
large cohort studies will include only 100–200 
children with congenital hearing loss, and the 
amount of additional data of most interest to hear-
ing researchers will be limited by the length of the 
study protocol that subjects can reasonably be 
expected to complete. Large de novo longitudinal 
studies that are focused on addressing hearing-
related hypotheses will likely be costly and take, 
potentially, decades to deliver results. The chal-
lenge is to develop new approaches that will allow 
for the study of hearing from a life course per-
spective in a less costly fashion. Approaches 
could include addition of follow-forward or fol-
low-back components to existing cross-sectional 
studies such as National Health and Nutrition 
Examination Survey (NHANES), which already 
includes detailed measures of subjects hearing 
ability; addition of hearing-related data to existing 
longitudinal studies such as NCDS (UK), 
Biorepository and Bioanalysis Centre (BBC), 
ALSPAC, National Longitudinal Survey of 
Children and Youth (NLSCY), and the National 
Children’s Study (NCS); addition of hearing-
related biological data from selected subjects in 
cross-sectional studies such as NSCH; and volun-
tary collection of historical and biological data 
using approaches such as a hearing loss registry 
(see below). Any of these approaches would 
require dedicated funding streams, as they would 
fall outside of the traditional scope of R01s.
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5.3	 �Hearing Loss Registries

Researchers have traditionally been reluctant to 
develop disease-specific registries owing to legiti-
mate concerns about confidentiality and a reluc-
tance to ask potential subjects to participate, 
especially at sensitive times such as shortly after 
diagnosis. Recently, however, highly successful 
registries for conditions such as autism have been 
developed on a voluntary basis, incorporating 
both detailed patient/family reported data and bio-
logical specimens for genetic and biochemical 
analysis. In addition to subjects with hearing loss, 
hearing subjects could contribute vital control 
data. While a voluntary approach undoubtedly 
introduces bias, the reality is that any existing 
approach to population study involves some forms 
of bias both known and unknown. Provided that 
biases can be documented, there is now potential 
to address them statistically. Similarly, missing 
data can be inferred using techniques such as mul-
tiple imputations. Experience with other registries 
suggests that a community-based participatory 
research approach involving members of the deaf 
and hard of hearing community working along-
side professionals to develop and implement the 
registry and determine the ways in which data can 
be accessed is most likely to be successful. 
Subjects could determine whether they wished to 
contribute data alone, biological specimens alone, 
or both, and whether they wished to interface with 
the registry at a single time point or would be will-
ing to return at intervals. Much of the data collec-
tion could be performed online at times convenient 
for the registry participants. Participants would be 
free to withdraw at any time. Depending on con-
tent, parts of the registry could potentially be 
made publicly available for analysis provided 
individual subjects could not be recognized from 
released data. Most likely, some parts of the data-
set would be made available only to researchers 
who agreed to comply with confidentiality restric-
tions. Funding for such a registry could be from 
private or public sources or both. A US-based reg-
istry could either interface with similar registries 
in other countries that were independently run, or 
an international initiative could be launched 
aimed at uniformity of approach and data collec-
tion in multiple countries, greatly increasing the 

number of available subjects and potentially 
accelerating research.

This type of data collection effort also falls out-
side of traditional research-funding mechanisms 
and shifts the focus from hypothesis-driven 
research to one of “big data” collection, where the 
emphasis is on examining large amounts of data 
looking for new types of patterns and relation-
ships. While there are legitimate concerns that this 
type of “data trawling” could lead to “false posi-
tives” with recognition of associations occurring 
by chance, many researchers now argue that this 
concern could be at least partially overcome by 
employing more stringent criteria for significance 
testing, e.g., employing p values of <0.005 rather 
than 0.05. While some researchers fear a move 
away from hypothesis-testing, many others now 
view it as the way forward. In fact there are fears 
that continuing with strict hypothesis-driven 
approaches will delay useful research potentially 
by decades and involve vast amounts of unneces-
sary expense. Resolving these tensions will be key 
to establishing a functioning registry.

5.4	 �Measures of Positive Hearing 
Health

The LCHD model emphasizes that the goal of 
health development should be to optimize hearing 
health, not just avoid disease. Life course models 
view hearing health as a capacity for life, so optimal 
health incorporates hearing ability that is sufficient 
for each hearing function that person requires in 
their daily life, not just reaching a defined threshold 
on a single hearing test. This might include hearing 
well even in a noisy work environment, or being 
able to converse with friends without missing some 
words in the conversation. Existing audiometrics 
appear insufficiently sensitive to identify early func-
tional hearing challenges. Researchers need opera-
tional measures of positive hearing health, both for 
better measurement of treatment outcomes and of 
functional hearing ability. These measures should 
be developed and trailed by multidisciplinary teams 
with representation from deaf, hard of hearing, and 
hearing consumers across a range of ages. In addi-
tion, more sensitive measures of environmental 
noise exposure are needed.
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5.5	 �Investigating 
the Pathophysiology 
of Hearing Loss

Further elucidation of the pathophysiology of 
hearing loss will require a combination of bench 
and clinical research across multiple disciplines 
including genetics, biochemistry, cell biology, 
physiology, and audiology. Greater synthesis of 
existing knowledge could link information on 
known genetic variants associated with hearing 
loss, with suspected polymorphisms that could be 
related to hearing loss, and with what is known 
about abnormalities at metabolic, biochemical, 
subcellular, and cellular processes in individuals 
with different types of hearing loss. Epidemiologic 
data on identified clinical associations with hear-
ing loss should be linked with genetic and bio-
chemical data repositories in ways that facilitate 
the identification of potentially important relation-
ships. More work is needed on elucidating the 
mechanisms that underlie observed associations, 
e.g., low socioeconomic status in childhood and 
later hearing loss, smoking and adult hearing loss, 
and noise exposure and hearing loss at all ages.

5.6	 �Involvement of Deaf and Hard 
of Hearing Communities 
in Research

Widespread understanding of the importance of 
involving members of the deaf and hard of hear-
ing communities and their families in research on 
the etiology, diagnosis, and management of hear-
ing loss is driving new efforts to find effective 
ways to ensure productive partnerships between 
consumers and researchers. Funding bodies are 
beginning to invite members of the deaf and hard 
of hearing community to contribute to boards that 
set funding agendas and to invite them to review 
grant applications and new program proposals. 
Community-based participatory research (CBPR) 
models envisage the deaf and hard of hearing as 
integral members of research teams, often sug-
gesting research questions that they, as a commu-
nity, would like to see answered and suggesting 
ways to engage deaf and hard of hearing (DHH) 

subjects in the research. These efforts must be 
inclusive. Where distinct groups of DHH com-
munities exist, each must be invited to participate 
fully, even if there will be more than one view on 
priorities and conduct of research. Input from 
each of these groups is more likely to lead to a 
study protocol that will be embraced by a major-
ity of DHH subjects, reducing inherent biases. 
This work is not easy and would benefit from use 
of professional facilitators. Metrics must be 
developed to monitor progress toward true, rather 
than token, involvement, e.g., reporting of num-
ber of DHH individuals on research boards, 
invited to key meetings, contributing to possible 
research questions. Life course theory acknowl-
edges the multiple contributors to health at social 
and community levels, suggesting that there may 
be much to learn from DHH individuals who 
have successfully overcome communication, 
educational, and occupational challenges.

5.7	 �Translational Research

The translation of evidence into practice does not 
occur automatically and itself requires study. As 
evidence accrues for the mechanisms underlying 
hearing health trajectories, investigators will need 
to test their potential mutability and consider 
implications for clinical practice. Promising inter-
ventions, whether they be pharmacological, surgi-
cal, or social, then need to undergo clinical trials 
(T1) and trials in community-based programs 
(T2) and then be trialed as new systems of care 
(T3). Finally, researchers need to test ways to 
scale and spread successful interventions (T4) 
before incorporating them into state and national 
MCH programs and policies. While funding for 
T1 research can be obtained through traditional 
National Institute on Deafness and Other 
Communication Disorders (NIDCD) R01 mecha-
nisms, funding of other types of translational 
research falls at the intersection of NIDCD and 
other agencies such as Agency for Healthcare 
Research and Quality (AHRQ). The reality is that 
funding for this type of research is very limited. In 
addition, life course models indicate that success-
ful interventions will likely have both “medical” 
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and “social” components, potentially making 
them less likely to be funded through traditional 
health mechanisms. Public-private partnerships 
may provide innovative ways to fund this type of 
research, which may cut across traditional barri-
ers between health and education, or health and 
occupational development.

6	 �Implications for Policy 
and Practice

6.1	 �Impact Studies

Life course models acknowledge that policies 
affecting women of childbearing age and young 
children can have profound direct and indirect 
effects on the health of the next generation. 
Infrastructure and funding must be developed for 
studying the impact of existing and proposed 
policy changes on hearing health. For example, 
fiscal challenges have resulted in a number of 
states offering early intervention services to chil-
dren with moderate or greater bilateral hearing 
loss, while children with mild and unilateral 
losses are deemed ineligible, despite the exis-
tence of at least moderately good evidence that 
these children also face additional challenges 
with school performance. This type of policy 
may prove to be a “false economy” if children 
that missed out on early intervention ultimately, 
as adults, lack skills that they would have 
acquired had intervention been available to them. 
Balancing the evidence may require additional 
studies, or use of computer simulation models, to 
make a best estimate of cost-benefits.

6.2	 �Integrated Services

Services for children and adults that are DHH are 
separated into “medical” interventions including 
auditory surgery and cochlear implantation, 
“developmental” interventions such as early 
intervention, “social” interventions such as fam-
ily support services, and “mental health” inter-
ventions such as counseling. Life course models 
suggest that in order to achieve optimal hearing 

health trajectories, these services must be inte-
grated into a cohesive whole, preferably with a 
single point of entry, rather than operated and run 
independently with minimal communications 
between providers. While electronic medical 
records may help with information flow, the pro-
vision of community-based services poised to 
address all the needs of DHH individuals will 
require a transformation of the present system of 
care and a blurring of the boundaries between 
health, educational, and social services.

6.3	 �Public Information Campaign

The LCHD model acknowledges that cultural 
and social pressures can have a major impact on 
health. Many deaf people report feeling margin-
alized in society, while reluctance to wear hear-
ing aids among some individuals that are hard of 
hearing stems from a desire to keep their condi-
tion hidden. These cultural issues are powerful 
barriers to the achievement of full hearing health 
for many. A national and international campaign 
is needed to inform the general public about the 
nature of deafness and the importance of respect-
ing deaf culture and communication choices. For 
people who are hard of hearing and who choose 
to wear hearing aids, use of hearing aids must be 
destigmatized. Use of accommodations such as 
closed captioning and telephone interpreter ser-
vices should be strongly encouraged even for 
those that can function, albeit imperfectly, with-
out them. Involvement of the DHH community in 
the planning and execution of this campaign is 
essential. The internet and social media including 
Facebook and Twitter offer ideal venues to 
distribute information and challenge cultural 
assumptions.

6.4	 �Costs and Cost-Effectiveness

Hearing loss has profound economic implica-
tions for individuals, families, and society as a 
whole. Comprehensive economic studies are 
needed to address the true costs of hearing loss at 
all levels. New policies must incorporate strong 
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consideration of cost-effectiveness in preventive 
and treatment measures across all stages of the 
life span. The provision of amplification aids to a 
much wider proportion of the population in a 
cost-effective manner is a research and policy 
priority (National Academies 2016).

7	 �Conclusions

The Life Course Health Development model 
offers a conceptual framework for understanding 
the many genetic, biological, social, psychologi-
cal, and cultural factors that contribute to hearing 
health over a lifetime. Early life events and expe-
riences can have profound effects on hearing tra-
jectories with lifelong consequences. Shifting 
trajectories involves altering the balance between 
risk and protective factors, especially during crit-
ical and sensitive periods of development includ-
ing fetal life and the prelingual period in the first 
6  months of postnatal life. Early diagnosis and 
intervention, early exposure to language whether 
signed or oral, warm reciprocal parent-infant 
relationships regardless of communication 
modality, broad family support, responsive 
school and work environments, and policies that 
enable lifelong supports can combine to lead to 
good outcomes. The goal of management is opti-
mal hearing health, not just avoidance of poor 
auditory function. New measures of positive 
hearing health are needed to drive research on 
optimal hearing function.

Universal Newborn Hearing Screening has 
achieved early diagnosis and intervention for 
many, but loss to follow-up threatens the success 
of the program and can have long-reaching con-
sequences in individual cases. People who are 
deaf and/or hard of hearing face continuing chal-
lenges with educational achievement and work-
place function. Addressing hearing loss later in 
life will require multiple approaches including a 
greater focus on early prevention, reduction to 
noise exposure throughout the life span, reduc-
tions in smoking and excessive alcohol consump-
tion, and avoidance of excessive weight gain. 
The focus of research must shift from uni- and 
bi-disciplinary cross-sectional designs to inter-

disciplinary longitudinal cohort studies that 
incorporate both historical and biological data. 
Voluntary hearing loss registries, both national 
and international, could provide “big data” for 
new research approaches to studying the etiology 
and management of hearing loss. Transdisciplinary 
knowledge synthesis, potentially adopting a 
wiki-type framework, could provide a resource 
for use across disciplines by providers, research-
ers, and consumers. Research into the pathophys-
iology of hearing loss must cut across traditional 
boundaries, embracing genetic, epigenetic, 
biological, and cellular mechanisms incorporat-
ing a health development perspective.

There is considerable wisdom in the deaf and 
hard of hearing communities that should be uti-
lized both in assisting newly diagnosed DHH 
individuals in achieving optimal functioning and 
in driving the research and service improvement 
agenda. Focused studies must address the impact 
of existing and proposed policies on hearing 
health, while management of established hearing 
loss requires a more integrated approach across 
health education and social services. Achieving 
optimal hearing health for all will require cul-
tural and societal shifts in which deafness is des-
tigmatized and an inclusive agenda actively 
pursued for the deaf and hard of hearing across 
all stages of the life span. Optimal hearing health 
in childhood must be prioritized as the founda-
tion for lifelong hearing health in the US 
population.
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