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New Haven, ConnecticutfFundacion Totai, Casilla 158, Trinidad, Beni, Biiv
ABSTRACT:

Hearing impairment is a significant source of mditly worldwide. It is estimated
that over 278 million people in the world experiemsoderate to profound hearing loss.
The goal of this study was to provide populatioedshdata on hearing loss and ear
disease in Beni, Bolivia and to specifically answer question of whether particular
population demographics are associated with heampgirment so that hearing loss
prevention measures may be implemented effectivietpm April 2009 through
December 2009, a cross-sectional population bagesehold survey of 5,826
individuals of all ages was conducted. The popaoiatvas composed of 1111
systematically identified households in the sixteggest population centers in the
Department of Beni in eastern Bolivia. Hearing fumt assessment and physical exam
data were collected on all subjects using a matiiersion of the World Health
Organization Ear and Hearing Disorders Survey atd®ata were also collected
regarding living conditions and occupation of eaahject. This thesis provides analysis
regarding hearing impairment of 4,957 individualdifteen of the sixteen population
centers. This study found that the overall prevadent hearing impairment in this
population was 35.5 percent (95% confidence irld®I] 34.0% -37.1%), and the
prevalence of disabling hearing impairment wasga@ent (95% CI 5.1% -6.6%). The

prevalence of mild hearing impairment was 30.5 @etrc(95% CI 29.0%-32.0%); of



moderate hearing impairment, 3.8 percent (95% QP63-4.4%); of severe impairment,
0.9 percent (95% CI 0.6% -1.2%); and of profoundairment, 0.4 percent (95% CI
0.2% -0.6%). Individuals at highest risk for hegrloss were men (odds ratio (OR) =
1.24; Cl = 1.07-1.40); those 60 years of age aredt (WR = 17.07; Cl = 16.61-17.53);
those working in occupations requiring manual laj@RR = 2.23; Cl = 2.01-2.45); those
with a history of loud noise exposure (OR = 3.61=3.14-4.08); and those with a
history of trauma (OR = 4.04; Cl = 3.62-4.46). Thsults of this study provide important
information regarding hearing impairment in Boliviaich will be used for planning
programs for the prevention of deafness in thisoredocusing on the populations at
highest risk, particularly males working in occupas where they may experience
exposure to loud noise or trauma. This study atewiges important information for
healthcare policy and advocacy work both within¢bantry of Bolivia and

internationally.
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INTRODUCTION:
Overview

Hearing impairment is a significant source of mdityi worldwide. The WHO
estimated in 2005 that 278 million people expememoderate to profound bilateral
hearing loss. 80% of those individuals live in lamd middle income countriédt is
estimated that half of all cases of hearing impamtrcould be prevented, but few
resources exist to develop and sustain educatisci@ening, and treatment programs in
developing countries.

Often resources are not allocated to address lggianpairment because it is not a
visible or life-threatening disorder, thereforeathliseases take priority in resource-poor
settings’ In fact, while adult onset hearing loss was théhshighest cause of burden of
disease in Disability Adjusted Life Years (DALY $) high income countries in 2001, it
was not even in the top ten causes in low and miotiome countries because other
causes such as perinatal conditions, lower regpyratfections, ischemic heart disease
and HIV/AIDS were more significarit. However, hearing impairment has a significant
effect on the lives of those suffering with it. $es studies of global disease burden
performed by the WHO included hearing impairmemtestimates for 2000, the WHO
found that adult onset hearing impairment was #ueisd leading cause of Years Lived
with a Disability (YLDs) and accounted for 4.6%tofal YLDs? According to 2002
estimates, adult onset hearing loss ranked foutiesanong leading causes of the global
burden of disease in femafes the 2004 WHO World Health Report, adult onset
hearing loss was estimated to account for 1.7%etdtal global burden of disease as

determined by Disability-Adjusted Life YeatsThe social and economic impact of



hearing impairment in developing countries contsiteincrease.
Economics of Hearing Impairment

Communication disorders have tremendous impact®tnsociety and the
individual. In the United States, it is estimathdttthe cost of communication disorders
ranges from $154 billion to $186 billion, represegt2.5% to 3% of the Gross National
Product’ Severe to profound hearing impairment specificaflyestimated to cost society
$297,000 over the lifetime of each individual daegd@duced work productivity. If the
individual develops hearing impairment prior to @icipg speech, the cost over a lifetime
balloons to $1 milliorf.In the UK, individuals with hearing impairment aheee times
more likely to be unemployed than those withoutainpent’ The sequelae of hearing
impairment are significant. Affected individuals ynaot be able to appropriately
interpret words, thus reducing their ability to goomicate which leads to a delay in
language development. This in turn leads to diffies in obtaining education or
securing employment and leads to isolation anchaftigmatizatiorf.
Hearing Impairment and Poverty

Most children with hearing impairment in develop@untries do not complete
primary education and never gain independence thain parents economically,
therefore they become trapped in poverty. In mases, parents are unable to provide
support and these individuals live in poverty. Altgively impoverished conditions, lack
of health infrastructure, and lack of resourceshsas immunizations against childhood
illnesses, may lead to hearing impairment andss®eiated economic repercussionis
developed countries, the incidence of sensorindwgating loss is 2-4 per 1,000 live

births° and it is estimated that in developing countries tncidence could be greater



than 6 per 1,000 live birtHs. Bolivia is the poorest country in South America.
According to the World Bank, in 2009, the per cajitcome was US $1,630 and 37.7%
of individuals lived below the poverty line. In 28Qhe life expectancy was age 66 and
the birth rate was 27 per 1,000 people and theninfeortality rate was 42 per 1,000 live
births. In 2007, annual healthcare expenditurecppita was only US $69°

Etiologies of Hearing Impairment

Hearing impairment has many causes, but can bsifodgkinto two major
groups: conductive and sensorineural. Conductiagiig loss is caused by disorders that
affect the outer ear and the middle ear. Exampfiesiter ear disorders are
malformations such as microtia or atresia of theeoear or ear canal, otitis externa,
trauma to the ear or ear canal, tumors such asrsmusacell carcinoma, presence of a
foreign body, poor eustachian tube function, exsetposteomas, psoriasis, and cerumen
impaction. Examples of middle ear disorders thaseaconductive loss are malformation
of the ossicles, otitis media, cholesteatoma, patifan of the tympanic membrane,
trauma to the temporal bone, and glomus turfiors.

Sensorineural hearing loss is caused by disortatsaffect the inner ear and
central auditory neural pathways. Examples of diem that cause sensorineural hearing
loss include hereditary conditions, congenital ¢tifens, congenital malformations,
presbycusis, meningitis, endocrine disorders ssahyotoxicosis, ototoxicity,

Meniere’s disease, noise exposure, barotraumastacaeuromas, meningiomas,
autoimmune diseases, multiple sclerosis, and stfoke

As mentioned, many of the causes of hearing les$raatable or preventable. In

one study of rural vs. urban school children in &hgarh, India it was found that the



most common cause for hearing loss in schoolchildras otitis media with effusion,
which could be treated if appropriate healthcafastructure was available. Another
study in Madras, India found that in a school foe teaf, congenital rubella infection
was responsible for deafness in 29% of the stud&mtkich could be prevented by
increased availability of vaccination. It must alsokept in mind that the infectious
etiologies in pre-natal, neonatal, childhood andltadfections which cause hearing loss
may vary by region. In Saudia Arabia, for examglke2% of the cases of hearing loss
were caused byoxoplasma gondif. In a study of Nicaraguan school children, the
reason for hearing loss was found to be most @$sociated with ototoxicity
(specifically gentamicin exposure), environmentih exposure, and neonatal
infectionst’ In a study of children in Nigeria, the most comnuanises of hearing loss
were measles, meningitis, viral infections anduse of ototoxic drugs® Other variables
such as cardiovascular risk factors like smoke supoand diabetes have also been
associated with hearing impairmént’ Addressing these issues early in life may reduce
the incidence and impact of hearing impairment.
WHO Survey and Definitions

To accurately determine the prevalence of hearmgairment in various
population groups, the WHO developed a protocot@orducting population based
surveys of hearing impairment and ear diseasepidtecol is standardized so it may be
used in various countries and results may be cosadpdihis protocol will be described in
detail in the Methods section as well as additwhgh were made to this survey during
its administration in Beni, Bolivia.

The WHO Working Group on Prevention of Deafnessldadring Impairment
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Planning defined hearing impairment by classifyiingto four distinct groups of
unaided pure-tone hearing threshold levels fordeagies of 500 Hz, 1 kHz, 2 kHz in the
better hearing ear. It was determined that 4 kHmkhalso be included in
epidemiological studies, as 500 Hz, 1 kHz, 2 khhd 4 kHz are generally assumed to be
part of the speech frequency range. Mild impairnvesd defined as an average threshold
level between 26 and 40 dB, moderate impairmentheéfas an average threshold level
between 41 and 60 dB, severe impairment definechawverage threshold level between
61 and 80 dB, and profound impairment as an avetagshold level 81 or greater In
1997, disabling hearing impairment (DHI) was defirseparately for adults and children
under the age of 15. For adults, it includes maddesevere and profound impairment, or
an average threshold of 41 dB or greater in thiebbearing ear over 500 Hz, 1 kHz, 2
kHz, and 4 kHz. For individuals under the age af 2Bl was defined as an average
threshold of 31 dB or greater in the better heagiagin those same frequencies.
Data on Hearing Loss Worldwide

Throughout the world, there is limited data avalgaon hearing loss. While the
WHO has made a commitment to developing tools aagrpms to support population-
based epidemiological research into the prevalehtias disorder, funding and logistical
limitations exist as barriers to obtaining thisomrhation. While country-wide data are
rare, small scale published studies can be usgditoan overall picture of hearing loss
worldwide. The limitation of comparison of thesadies is that the statistical power,
population demographics, and methods vary fromstugy to the next.

In Asia, the majority of data comes from India,end approximately 80 million

people in the country suffer from some kind of negurmpairment, 35 million of which
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are below the age of 14 yedrsSeveral population based studies have been performe
Asia, some using the WHO protocol. The prevaleriaisabling hearing impairment in
one study in India was 7%;in Nepal, 3.3%? in Thailand prevalence ranged from 3.9-
6%72° in China, 1.19%’ (although unpublished reports have estimated feaua as
high as 6.1%); and in Korea 10.6%%.

There are several studies on the prevalence dblthgahearing impairment
which have been conducted in Europe and show tates relatively lower than many
other regions. A prevalence of 0.2% was reportddeénmaril® 3.2-4.9% in Finland?>*
4% in Italy,** 3.3% in Swedef and 3.9% in Great Britaitf.

Three studies provided data for the Middle Easlutiing one study in Oman
which reported an incidence of disabling hearingairment of 2.07%> another in
Pakistan demonstrated a prevalence of 1*58nd a third study in Saudi Arabia showed
the prevalence to be 0.99%.

Several studies describe the statistics for hgampairment in Africa, however,
most focus on child and adolescent populations.dstimated that there are more than
1.2 million children in sub-Saharan Africa fromd14 years old who have disabling
hearing impairment: Published prevalence data is available for se\enantries in
Africa including Angola (2%9° Kenya (2.2%)° Sierra Leone (1.15%}' South Africa
(0.5%),** Tanzania (0.6-4.24%)>** and Zimbabwe (0.9%F.In Uganda, the incidence
of disabling hearing impairment was 11.7% in adaitd 10.2% in childreff.

There is also limited data in the Americas. Inltheted States, several studies
have estimated the prevalence of hearing impairmmerdrious populations, but only a

few include data about disabling hearing loss. Bwalies from various regions in the
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United States estimated prevalence ranging frorh th D.95%:*"® A recent review of
National Health and Nutrition Examination Surve\HANES) data revealed that hearing
impairment (threshold > 25dB) prevalence in adglts6.1% and has been increasing
from 1999 to 2004? Disabling hearing impairment in the United Stasesiuch lower
than in Central or South America. In Central Amayridicaragua is the only country
where a study providing statistics for disablingutreg impairment was performed. In
this study of Nicaraguan school children, a veghhl8% of individuals were found to
have disabling hearing impairmeftin South America, the only study providing such
statistics was undertaken in Canoas, Brazil andrites] a prevalence of 6.895.

Another study performed among school children iruRBowed a prevalence of hearing
impairment of 6.9%>' However, no disabling hearing impairment datatexisr Bolivia

or other South American countries.

Preliminary Studies by Fundacion Totai in Trinid&livia

Fundacién Totai is a non-profit organization itn@iad, Beni, Bolivia, which has
been working in the sectors of health, communitigoation and athletics since its
inception in 2004. The foundation provides manyltheservices and includes an active
otolaryngology clinic, led by Dr. Santana-Hernand&hile no population based data are
available in Bolivia, several small studies coneddby Fundacion Totai in Trinidad, the
largest population center in Beni, demonstratechtéhexd for more information regarding
hearing loss in this region and increased resodorgwevention of hearing impairment.

Analysis of 2,936 Fundacion Totai self reportenlaryngology consultations in

2006 demonstrated that 27.1% of patients had noearaland hearing, 22.8% had otitis
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media, 4.7% congenital deafness, 2.6% presbyausis42.8% other ear pathology.
Almost 14% of ear complaints were due to cerumgpartion, which they assumed is
related to a habit in Bolivia of using various mushents to attempt to clean ears (usually
impacting the wax rather than removing it). Alsopising was that greater than 10% of
ear complaints were related to chronic otitis me&digch was either suppurative (6.64%),
non-suppurative (1.69%), or cholesteatoma (1.69%6yeening of 858 primary school
children revealed that over 50% of students eitiaer abnormal otoscopy or audiometry,
and over 25% had ear wax impaction.

In the adult population, Fundacion Totai revievaedual screenings of 210
factory workers exposed to loud noise. In this papen, which included workers from a
local bottling plant, a power plant, an airportdanmilk processing factory, high levels
of noise were recorded at factory sites, and 4@2#%e workers suffered from noise-
induced hearing loss.

Two studies were performed in the pediatric pojaha A retrospective study of
64 children attending the local school for the deahd that only 7.81% of the cases of
congenital disabling hearing impairment were diagabbefore the age of 2 years, with
the average age of diagnosis of 9 years and 1 moAihother unpublished study of 593
children under 5 years of age using otoscopy aodooustic emissions, showed that
0.7% of the children had congenital deafness, &mdst 20% of this population required
follow-up testing to determine a definitive diagisos

On the whole these preliminary studies demonsaaiear need in this
population for increased awareness regarding hgaripairment and improved

infrastructure for diagnosis, treatment and relialiibn of individuals with deafness.
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This information and the absence of prevalence aataearing impairment in Bolivia

were the impetus to undertake a population base@gin the Department of Beni.
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STATEMENT OF PURPOSE:

The purpose of this investigation is to provide fing ever prevalence statistics for
hearing impairment in Beni, Bolivia and to deterenademographic variables that are
associated with higher levels of hearing impairmernhis region so that hearing loss

prevention programs may be implemented effectiaaly efficiently.

HYPOTHESIS:
Our hypothesis is that particular demographic \des are associated with an increased

prevalence of hearing impairment in the Departnoéi@eni, Bolivia.

SPECIFIC AIMS:
1. To complete a cross-sectional population based/stuBeni, Bolivia and collect
hearing impairment data and demographic variables.
2. To analyze these data once collected to determimehwpopulations are at most
risk for hearing impairment and use this informatio direct hearing loss

prevention programs in this region of Bolivia.
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METHODS:
Overview

This cross-sectional population based householtegwas carried out between
April 16, 2009 and December 13, 2009 in the Depantnof Beni, Bolivia. It was
designed using the World Health Organization Eartdearing Disorders Survey

Protocol .>®

This project was approved by the local medicarti®an Beni, Bolivia and
an application for analysis of these de-identifiata (HIC Protocol #1004006599) was
approved by the Yale HIC on 4/15/2010.

Survey Population

The population studied in this survey was the ertry of the Department of Beni,
Bolivia. Beni is a large area of northeastern Baliovering 213,564 square kilometers
with a population of 406,982 individuals based 00 estimates from the Instituto
Nacional de Estadistica de Bolivia (INE). The gesinple size was determined using a
crude estimation of the prevalence of hearing ilo®olivia.

As described in the introduction, there is a pauaitdata regarding hearing loss
worldwide, and this data is virtually non-existamBolivia. The only data available with
regard to national prevalence of hearing impairmea found in a study of 16,880
people with disabilities performed by the Japarnets&national Cooperation Agency
(JICA) in 1998. It showed that of all the peoplehndisability studied, 9.13% had
significant hearing los¥ The World Health Organization estimates that inetteping
countries like Bolivia, the disabled populatiorar®und 10% of the total population,

therefore it can be roughly estimated that 0.913% @ population in Beni have a

disabling hearing loss, or about 3,716 persons.det@ from the JICA study were
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limited with regard to the sample population (ityoimcluded individuals with disability)
and the fact that clinical levels of hearing impa@nt were not described. Therefore this
estimate is likely inaccurate. However, it is lowleain hearing impairment prevalence
statistics from other nations described in theolhiction. We decided to use this likely
under-estimation of prevalence to determine samsipks as it would lead us to have
more subjects than needed and thus improve thalbpemwer of the study.

To acquire data with a 95% confidence interval wsithrevalence of 1% +/-
0.36%, a sample size of 2,933 was necessarg.account for the sample design,
intraclass correlation within clusters, and thaakality among clusters and strata, it was
necessary to multiply this number by a design efactor. We decided to assume the
standard design effect of 2. This brought the tedahple size to 5,866.

Survey and Sampling Methods

The type of sampling method we used was a cluatapke design. In a cluster
sample design, clusters are designated as groupirgsmmunities within a population
that contain sampling units, which in this caseenssuseholds. The number of clusters
required is determined by the sample size and d&oer of individuals the survey team
could screen in 1-2 days. We estimated that wedcetreen about 100 individuals in that
time period and therefore the number of clustegsired would be 59 for our sample
size. We rounded this value to 60 to account fgrlasses. As we did not perform a
national survey, but rather a survey of one padictegion, we did not use multi-stage
sampling, but rather simply used probability prdjmor to size as the sampling method.
This method uses census information and deternainster location based on a sampling

interval.
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To arrive at a sampling interval, we divided tbtatl population by 60 and
arrived at an interval of 6,783 people. The stgrtimmber was randomly generated by
Microsoft Excel: 3, 106. After obtaining censusoirhation from Instituto Nacional de
Estadistica de Bolivia (INE), we determined whicmenunities would be included and
how many clusters each contained. They includedidad, San Javier, Riberalta,
Guayaramerin, San Borja, Rurrenebaque, Reyes, Rast San Ignacio, Santa Ana,
Exaltacion, San Pablo, Loreto, San Joaquin, SanoRaand Magdalena (see Appendices
A and B for geographic location). We assumed therttet would be about 6 persons per
household based on preliminary information and miaeluster size of 100, we needed to
survey about 17 households in each cluster. Orecaumber of clusters in each
community was identified, we determined clustee $iased on the percentage of the
sample size in that community. Our sample sizejrasgg 60 clusters was 6000, which is
about 1.475% of the total population in Beni. There, for each community, we divided
1.475% of the population by the number of clustiEsignated in that community to
arrive at the cluster size. While the average gme was 115 individuals, there was
variance in cluster size, which may have detrafitad randomization.

Our goal was to have 80% coverage, meaning thdéwa counted all the
individuals who lived in a household, we wantedbéosure that at least 80% of those
individuals were examined and included in the syia®some would be absent or refuse
to participate. Therefore, to assist in daily gpals also calculated the number of
individuals required to be included to achieve thadl of 80% coverage.

Once we determined the number and size of eactec|uge acquired as detailed

maps as available for each community. We determim&dmany blocks existed in each
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community and divided them by the number of clisterthat community to determine a
block interval. We then used Microsoft Excel to gexte a random starting block
number. If these maps contained numbered blockssed the numbers provided. If not,
we numbered the blocks in concentric circles stgrfiiom the central plaza. We again
used Microsoft Excel to randomly choose a directiowhich to survey, as well as a
corner on which to start, and the survey team waoudste down that road until the goal
number of individuals for that cluster was screenithe 80% coverage was not
obtained, the survey team would return later ind& to survey household members
who were absent during the initial visit.

Survey Administration

Survey teams were comprised of 2-4 individuals wittuded an individual
trained in audiology and an otoscopist. The othemimers of the team participated in
collection of administrative data, acquisition yipanometry and evaluation of children.
Members of the team were trained by Dr. Diego Semtélernandez, a trained
otolaryngologist, and Maria del Carmen Fernandear&uGuzman, a trained
audiologist.

Upon entering a household, the number of indivislliaing in that household
were identified and registered. A member of thedebtwld was defined as someone who
lived in that location for greater than 6 months afthe year. Next, an information page
explaining the study was read with the householthbee's, and informed consent was
obtained for each individual. For individuals yoenghan age 18, a parental signature
was obtained for informed consent. In additionxara codes for group, household,

person and date of examination, demographic infaomancluding name, date of birth,



20

age, gender, occupation, and household conditioa also obtained and recorded on the
survey form (Appendix D) which was modified fronetbriginal WHO survey form
(Appendix C).

The occupation of subjects was determined and ciodeane of six groups:
agricultural worker, office worker, manual laborstydent, other, or unknown. The
condition of each household was also determinedamked into one of five categories:
excellent, good, average, fair and poor. Excelentsehold condition indicated that the
house was constructed of high quality materiaks fasithroom was located within the
house, and all services were available includimging water, lights, telephone, and
internet. Good household condition indicated thatiiouse was constructed of average
quality materials, the bathroom was located withihouse, and only running water and
electricity were available. Average household cbadiindicated that the house was
constructed of basic construction materials, tttaribam was located outside of the
house, and running water and electricity were abéal Fair household condition
indicated that the house was constructed with gaatity or temporary material, that the
bathroom was located outside of the house and ittael eunning water or electricity, but
not both. Poor household condition indicated thatltouse was constructed of temporary
or alternative materials, the bathroom was locatgdide of the house, and neither
running water nor electricity were available.

Otoscopy

The first evaluation to be performed was otoscéaminers were trained by Dr.

Santana-Hernandez, using photos as well handsstmudtion in the clinical and survey

setting to diagnose various ear pathologies. Tlaenexas structured and began with
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examination of the external ear for both malform@tnd pain. Next the external ear
canal was evaluated for inflammation, cerumen,gres of a foreign body, otorrhea, and
fungus. Then, the tympanic membrane was evaluateggefforation, dullness or
retraction, redness and protrusion. If a perforaéigisted, the middle ear was evaluated
for the presence or absence of otorrhea. Onceajgseas completed, tympanometry
was also performed and recorded.

Hearing Evaluation

Prior to any evaluation of hearing, the ambiens@an each household was
measured and recorded using a Kamplex sound lext&rrfinteracoustics, Eden Prairie,
MN). For individuals younger than 4 years of ageedes of screening implements were
administered and were answered either yes or neselimplements included calling the
child’s name from %2 meter behind the child in amak conversational voice. The child
was then asked in a conversational voice to poisbtmeone in the room known to the
subject by name. A positive response was coddubif tvere successful. The child was
then asked a simple question such as “What is yaome?” Again, if correct, a positive
response was recorded. Lastly, with an observiomt of the child, the examiner made
a loud clap behind the child, and a positive respamas coded if they reflexively blinked
their eyes.

Two additions our group made for evaluation of éhelsildren under 4 years of
age was the use of an educational hearing ganehildren over 18 months and
evaluation by otoacoustic emissions for cooperathielren under the age of four. The
educational hearing game was designed by Januso$ielaki of Melbourne, Australia.

The game is composed of cards with pictures of €offierent animals on them: a cow, a
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rooster, birds, and a dog. There is also a sounttiegndevice. The device produces low
frequency cow sounds (500 Hz) which are deliveteat@und 25 cm from the child’s ear,
middle frequency rooster sounds (1500 Hz) whichdatevered at around 50 cm from the
child’s ear, and a high frequency bird sound (4B@) which is delivered at 100 cm. The
reason for varying distances is that the ambiens@bold noise is more likely to mask
the lower frequency sounds, therefore they mustabe closer to the subject’s ear. The
sound is delivered and the child is instructed #&iain the sound to the appropriate card.
Two out of three correct is considered passingeB&dvevices were used to determine
otoacoustic emissions and they were calibrated prithe start of the study: AudX
(Natus Medical, Inc., San Carlos, CA) Otoread (iateustics, Eden Prairie, MN) and
Audera (Grason-Stadler, Eden Prairie, MN).

For individuals 4 years and older, pure-tone améivy was performed. Using
Kamplex audiometers (Interacoustics, Eden Praifid), subjects were fitted with
headphones and instructed to raise their handtemelthey heard any sound. Sound at
60 dB was presented first at 1 kHz. If there wasasponse, it was raised in 10-dB
increments until there was a response. After respaie threshold was determined by
decreasing the tone by 10-dB increments, then asang by 5-dB increments until the
threshold was established and reproduced on tluesions. This technique was used to
determine hearing thresholds at 1 kHz, 2 kHz, 4,880 Hz and then the 1 kHz
threshold was repeated. If the initial and find&Hz thresholds were more than 5-dB
different, the data were considered unreliablethedorocedure was repeated.

Patients who did experience hearing impairmenewsked to describe the

duration of that hearing impairment. Individualsrevéhen asked whether they had first



23

degree relatives who experienced hearing loss aastigned regarding possible
etiologies of hearing loss which were coded a<eithfectious (such as malaria, yellow
fever, typhoid fever, upper respiratory infectiamgningitis, congenital infections,
neonatal infections, rubella, varicella zosterpesrzoster, HSV, syphilis, mumps,
measles, tuberculosis, pneumonia, CMV, toxoplasshogenetic (such as hereditary
hearing loss, microtia, endocrine disorders sudheasired’s Syndrome, Down'’s
syndrome), non-infectious conditions (such as traumtotoxicity, presbycusis,
hypertension, diabetes, exposure to loud noiseatabcomplications, otosclerosis,
dyslipidemia, thyroid disorders, pituitary disorgeexposure to toxic or hazardous
chemicals, multiple sclerosis, Parkinson disease paegnancy), and others (including
ototubaritis, ear canal stenosis, or tympanosdlerds$ the subject had an exam that was
abnormal and could benefit from treatment, theyeweferred to the local hospital or
health center where the otolaryngology team aneldicdted audiologist were waiting to
provide treatment for various conditions (i.e.,\pde hearing aids, remove wax
impaction, treat otomicosis, and schedule surgargédmaged ears).
Statistical Analysis

Univariate and multivariate analyses were usetetermine prevalence and the
contribution of various demographic variables tarreg impairment (SPSS version 18.0;
SPSS Inc., Chicago, IL). A comparison of proporsievas used to determine whether
differences between 2001 Beni census data anduougysdata were significant (p<0.05).
Prevalences were obtained by creating CROSSTAB$anny variables and obtaining
p-values to determine if differences were signiftcaithin groups. Unadjusted odds

ratios and confidence intervals for analysis ofalales associated with hearing loss were
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obtained by creating CROSSTABS comparing hearirgairment with the different
variables. Variables were selected by comparingimganpairment with all variables
and determining which may be statistically sigrafit Adjusted odds ratios were
obtained by using selected variables and compahnexm with hearing impairment using
a binary logistic regression model. ANOVA was usedompare differences in
background noise with different levels of hearimgpairment.
Personal Involvement

The idea for this project began with Dr. Santananidedez, who recognized a
need for this information as he sought to develbparing impairment prevention
program in Beni, Bolivia. He worked with individsaht the World Health Organization
and CBM to develop a plan for funding and logist€garrying out this study. | first
became involved with this study after being putoach with Dr. Santana-Hernandez, by
an organization called Global ENT Outreach, whial bollaborated with him in the
past. With Dr. Santana-Hernandez, and other mesydighe team, | was involved in the
design of the study, particularly the determinattbisample size and number of
necessary clusters, and assisted with analysecaf maps and determination of starting
points prior to data collection trips. | was notatved in the translation of the World
Health Organization Ear and Hearing Disorders Raidtmto Spanish, nor was | involved
in modifications made to that form, including thadldion of the educational hearing
game and assessment of otoacoustic emissions.t®galkection trips, | began by
documenting administrative data and conducting symapnetry. After gaining proper
experience and increased linguistic skill, | wakeab perform otoscopy and take limited

histories with the assistance of other team memhestly, | was responsible for a large
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amount of data entering and all of the statistrallysis included in this thesis. Mrs.
Joanne Santana-Hernandez, Mrs. KC Rivero, and Mnanda Cunningham were also

instrumental in data entry.



26

RESULTS:

Overall, from the fifteen municipalities analyzedthis thesis, 4,957 individuals
were included in this study. Of these, 4,353 indlils were examined, 56 refused to
participate, 518 were absent, and 30 individualevegamined but information was not
entered into the database. Therefore, the 4,35@idudls who were examined and coded
were included in the following analysis represen®7.8% coverage of the target
population. A comparison of age distribution in study sample with 2001 Beni Census
population (Figure 1) shows that our study samgas fairly representative of the overall
population. This is also seen when age distribusa@ompared between the sexes
(Figures 2 and 3). There are clear differenceitain age groups, which is expected
given the time difference between the census dataar study as well as variance in
birth rate from year to year. However, overall, ttend is consistent between these data

sets indicating that our sample is representative.
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2 2001 Beni Census Data
m 2009 Survey Data

*p-value < 0.05

Percentage of Population (%)

Age Range (years)

Figure 1: Age distribution (year ranges) for total sample population in this study
compared with the age distribution for all individuals registered in the 2001 Beni Census.
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Figure 2 : Age distribution (year ranges) for male sample population in this study
compared with the age distribution for males registered in the 2001 Beni Census.
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W 2001 Beni Census Data
W 2009 Survey Data
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*p-value < 0.05

Age Range (years)

Figure 3: Age distribution (year ranges) for female sample population in this study
compared with the age distribution for females registered in the 2001 Beni Census.

Study Population Demographics

The 4,353 individuals examined in the study popofaranged in age from one
day old to 93 years. The smallest municipality Was Javier, with 47 individuals, and
the largest was Riberalta, with 1,041 individudlse size of households ranged from 1
individual to 24 individuals! The demographic stéiis are summarized in Table 1, and
are organized by four distinct age groups. The greup is children under the age of
four, as this was the cutoff in our study for audéiry. The next cutoff, age fifteen, was
identified because, as described in the Metho@sWHRO determined different
thresholds for disabling hearing impairment foriundluals under the age of fifteen. The

last cutoff point was determined to be age 59 b&zat around age 60 presbyacusis, or
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age-related hearing loss, sets in. These age réwagesbeen used in the literatuf®,so
these were the major age groups used in analysishwvill allow for comparison to
results from other WHO studies.

With regard to gender, it is interesting to ndtattas age increases, the ratio of
males to females changes. In the youngest popnl/d&iin9% of the individuals were
male and 49.1% were female, this trend revers#seinlder age groups. This is likely
due to the fact that in the older age groups, dutthe day, when the survey was
performed, men were more often out of the housleeat place of work, while females
were more frequently involved in childcare and wiagkin the home. Similarly, with
regard to age, more than half of the entire stugfyupation was younger than age twenty.
Again, this is likely due to the fact that as indivals aged, they were more likely to be
out of the house at the time of the survey. Howewethe overall population (Figure 1)
there is a similar trend with the distribution slesitoward younger ages.

The study population lived in impoverished coradi. Over half of the
individuals in the survey lived in fair housing ebtons, which corresponds to houses
built with poor quality or temporary material, weehe bathroom was located outside of
the house, and which had either running wateregtecity, but not both. It is also
striking that even though over half of the studpylation was younger than twenty
years, over 40% of the individuals over the ag®of worked in agricultural or manual
labor jobs, which were often associated with shimgibmes.

Few individuals reported a family history of hegrimpairment, only 1.1%.
Similarly, few people had experienced trauma orosype to loud noises. However,

more of these events clearly occur with age, apéneentages increase in each
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successive age group. This makes sense given sectéiée experience and opportunity
for such accidents, especially in jobs such axaljure and manual labor. Many
accidents described over the course of the surwaghied falling from horses or

motorcycles, or exposure to loud noises while atkwo

Table 1
Demographic Characteristics of Examined Study Population
Characteristic Prevalence
Age <4 Age 4 to 14 Age 15 to 59 Age >60 All Ages
N % N % N % N % N %

Sex (all differences significant p<0.05 except T)
Male 289 51.9 658 48.5 809 39.8 173 43.9" 1929 44.3
Female 268 48.1 699 51.5 1235 604 221 56.1" 2423 55.7
Age (all differences significant p<0.05)

0-3 557 100.0 557 12.8
4-14 1357 100.0 1357 31.2
15-19 423 20.7 423 9.7
20-29 567 27.8 567 13.0
30-39 430 21.0 430 9.9
40-49 367 18.0 367 8.4
50-59 256 125 256 5.9
60-69 207 52.5 207 4.8
70-79 123 31.2 123 2.8
80+ 64 9.1 64 15

Region (all differences NOT significant except for * )

San Javier 4 0.7 25 1.8* 17 0.8 1 0.3 47 11
Riberalta 149 26.8 318 23.4* 483 23.6 91 23.1 1041 23.9
Guayaramerin 83 14.9 189 13.9* 309 15.1 62 15.7 643 14.8
San Borja 63 113 182 13.4* 285 139 44 112 574 13.2
Rurrenabaque 25 4.5 82 6.0* 120 5.9 17 4.3 244 5.6
Reyes 22 3.9 76 5.6* 81 4 19 4.8 198 4.5
Santa Rosa 18 3.2 49 3.6% 69 34 14 3.6 150 34
San Ignacio 53 9.5 117 8.6* 169 8.3 34 8.6 373 8.6
Santa Ana 34 6.1 64 4.7* 148 7.2 36 9.1 282 6.5
Exaltacion 25 4.5 59 4.3* 91 4.4 24 6.1 199 4.6
San Pablo 27 4.8 60 4.4 83 4.1 7 1.8 177 4.1
Loreto 8 14 16 1.2* 32 1.6 4 1 60 14

San Joaquin 12 2.2 30 2.2* 43 2.1 9 2.3 94 2.2
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San Ramon 13 2.3 35 2.6* 37 1.8 15 3.8 100 2.3
Magdalena 21 3.8 55 4.1* 78 3.8 17 4.3 171 3.9

Household Condition  (all differences significant p<0.05)

Excellent 2 0.4 4 0.3 11 0.5 2 0.5 19 0.4
Good 28 5 61 4.5 168 8.2 28 7.1 285 6.6
Average 129 23.2 381 28.1 678 33.2 143 36.4 1331 30.6
Fair 379 68.2 866 63.9 1132 55.4 205 52.2 2582 59.4
Poor 18 3.2 43 3.2 54 2.6 15 3.8 130 3.0

Occupation (all differences significant p<0.05)

Agricultural Worker NA NA 1 0.1 190 9.3 37 9.4 228 6.0
Office Worker NA NA 0 0 143 7 9 2.3 152 4.0
Manual Laborer NA NA 13 1 1259 61.6 194 494 1466 38.6
Student NA NA 1160 85.5 404 19.8 10 25 1574 41.5
Other NA NA 179 13.2 29 14 140 35.6 348 9.2
Unknown NA NA 4 0.3 19 0.9 3 0.8 26 0.7

Family History (all differences significant p<0.05 except*)

Yes 1 0.2 9 0.7" 29 1.4 8 2" 47 1.1
No 555 99.6 1343  99.0" 1999 97.8 382 974" 4279 98.4
Uncertain 1 0.2 5 0.4" 15 0.7 2 05 23 0.5

History of Noise Exposure (all differences significant p<0.05)
Yes 0 0 1 0.1 92 4.5 34 8.6 127 2.9
No 557 100 1356 99.9 1953 95.5 360 91.4 4226 97.1
History of Trauma (all differences significant p<0.05)
Yes 0 0 14 1.0 94 4.6 59 15.0 167 3.8
No 557 100 1343 99.0 1951 95.4 335 85.0 4186 96.2

Prevalence of Ear Pathology

Tympanic membrane pathology was relatively rarénis population (Table 2).
One-hundred-and-twelve individuals were diagnosgld atitis media with effusion. As
expected, most of these individuals were childneany of whom will require pressure
equalization tubes to improve hearing. Seventydirthe cases were under the age of
four, so it is especially important to address ibssie to allow for proper hearing and
language development. Forty-five individuals wetentified as having chronic otitis

media with perforation, representing 1% of the papon. Another three individuals had
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cholesteatoma. All of these disorders also recgurgical attention, and it is fortunate
that these individuals were identified through tisdy and will be treated through
Fundacién Totai.

There is a significant percentage of the poputatiat was diagnosed with
cerumen impaction, which can contribute to condechiearing impairment. It is
interesting that as age increases, the incidenceramen impaction decreases and the
incidence of foreign bodies increases. This magxXmained by the Bolivian custom
referenced in the Introduction of using any typenstrument to remove wax from one’s
ears. Perhaps as individuals age, they are maly lik remove wax, thus decreasing the

prevalence of impaction, but increasing the prenadeof foreign bodies due to failed

attempts.
Table 2
Prevalence of Ear Pathology
Prevalence
Finding Age<4 Age 4-14 Age 15-59 Age >60 All Ages
Tympanic Membrane Pathology N %% N %% N %% N  %f N %%
Acute Otitis Media 3 0.5 3 0.2 1 0.01 0 0 7 0.2
Otitis Media with Effusion 71 12.7 29 2.1 7 0.3 5 1.3 112 2.6
Chronic Otitis Media with Perforation
Suppurative 4 0.7 5 0.4 15 0.7 3 0.8 27 0.6
Non-Suppurative 0 0 8 0.6 9 0.4 1 0.3 18 0.4
Cholesteatoma 0 0 0 0 3 0.1 0 0 3 0.1
External Ear Malformation 8 1.4 25 1.8 35 1.7 6 15 74 1.7
Ear Pain 3 0.5 16 1.2 24 1.2 5 1.3 48 1.1
Foreign Body 3 0.5 21 15 91 2.1 17 43 132 3.0
Cerumen Impaction 97 17.4 231 17 132 6.5 37 9.4 497 11.4

fPercentage of total in each age group <4 (557); 4-14 (1357); 15-59 (2045); >60 (394); All ages (4353)

Prevalence of Hearing Impairment
Analysis of hearing impairment levels was perfodme the 3,735 individuals

age four and older who were evaluated using pure-tmdiometry (61 were not). The
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overall prevalence of hearing impairment (threshafl@6dB or greater) in this study
population was 35.5 percent (95% Cl 34.0% -37.X0¢krall prevalence of disabling

hearing impairment (31 dB and greater for individu@munger than age 15; 41 dB and

greater for individuals age 15 and olderas 5.8 percent (95% Cl 5.1% -6.6%). As seen

in Table 3, both prevalence and severity of heanmgairment increase with age.

Table 3
Hearing Impairment Demographics
Prevalence
Type of Impairment Age <4 Age 4-14 Age 15-59 Age >60 All Ages
N % N % N % N % N %
WHO Hearing Classification (all differences significant p< 0.05 except b}
No Impairment (25 dB or less) 10 833" 1131 857 1237 61 39 10.1 2417 64.4
Mild Impairment (26 dB to 40 dB) 2 16.7" 178 135 734 36.2 226 582 1140 305
Moderate Impairment (41 dB to 60 dB) 0 0 7 0.5 43 2.1 90 23.2 140 3.8
Severe Impairment (61 dB to 80 dB) 0 0 0 0 6 0.3 28 7.2 34 0.9
Profound Impairment (81 dB or greater) 0 0 3 0.2 8 0.4 5 1.3 16 0.4
Impairment ¥ (all differences significant p< 0.05 except ")
Yes 2 16.7" 188 14.3 791 39 349 89.9 2417 35.5
No* 10 833" 1131 857 1237 61 39 10.1 1330 64.5
Disabling Hearing Impairment ¢ (all differences significant p< 0.05)
Yes 0 0 37 2.8 57 2.8 123 317 217 5.8
No* 12 100 1282 97.2 1971 97.2 265 68.3 3530 94.2

126 dB and greater
* or no audiometry obtained
31 dB and greater for individuals younger than age 15; 41 dB and greater for individuals age 15 and older

Analysis of Variables Associated with Hearing Innpeant

Once overall prevalence of different levels of ampent was obtained,
regression analysis was used to determine whidhhias are associated with hearing
impairment (Table 4). Males in our study were nldeely to experience hearing
impairment than females. Also, confirming the treledeloping in Table 3, there is a

clear statistical correlation with increased age la@aring loss. With regard to



34

occupation, for this model, individuals who repdrges working in either agriculture or
manual labor were considered as “working in mafalabr’ as there are similar hazards
in both categories (machinery, loud noises, act¢gjemhese individuals were compared
to those who did not work in such jobs, and thsra significant increase in hearing
impairment among these individuals.

It was also hypothesized that household condaiomousehold size (number of
individuals in each home), would contribute to le@impairment. Household condition
was thought to contribute because decreased sanitaty lead to increased rates of ear
infection and resultant hearing impairment. Incegblsousehold size was thought to
increase exposure to community illnesses and afigence sanitation in the household.
However, neither of these variables proved to laasignificant correlation with hearing
impairment.

The presence of a foreign body was associatedheining impairment in the
univariate analysis, but significance was lost wievas included in our multivariate
regression model. Cerumen impaction was not scamtly associated with hearing
impairment in the univariate analysis, but sigrfice was found when included in the
regression model.

Trauma and history of noise exposure were stroogtyelated with hearing
impairment in both the univariate and multivariatelysis. Family history of hearing

impairment was correlated in the univariate butthetmultivariate analysis.
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Table 4
Variables Associated with Hearing Impairment* in In  dividuals Older Than Age 4 !
:\rlr?pgfired Unadjusted Odds p- Adjusted Odds p-

Variable Individuals Ratio (95% CI) value Ratio (95% ClI) value
Sex

Female 726 1.00 1.00

Male 602 1.15(1.01-1.32) 0.041 1.24 (1.07-1.40) 0.013
Age

41014 188 1.00 1.00

15to 59 791 3.85 (3.67-4.03) <0.001 2.01 (1.75-2.26) <0.001

60+ 349 53.84 (53.47-54.20) <0.001 17.07 (16.61-17.53) <0.001
Demographics
Works in Manual
Labor 835 4.18 (3.58-4.87) <0.001 2.23 (2.01-2.45) <0.001
Household Condition 0.93 (0.81-1.05) 0.93
Household Size 1.00 (0.980-1.02) 0.997
Otoscopy
Foreign Body 61 1.74 (1.22-2.48) 0.002 1.20 (0.79-1.61) 0.389
Cerumen Impaction 152 1.20 (0.97-1.49) 0.098 1.98 (1.71-2.25) <0.001
History
Noise Exposure 99 6.84 (4.47-10.47) <0.001 3.61 (3.14-4.08) <0.001
Trauma 128 6.65 (4.60-9.61) <0.001 4.04 (3.62-4.46) <0.001
Family History of
Hearing Loss 26 2.41 (1.34-4.33) 0.003 1.77 (1.30-2.25) 0.099

*26 dB and greater loss
" All variables were adjusted for each other.

Once variables were identified that were assodiaféh hearing impairment,
analysis of the demographics in each of the mualities was performed (Table 5). Sub
group analysis was performed on the three munitigglwith the highest prevalence of
hearing impairment: Riberalta, Guayaramerin, antt&Ana. San Ramon was also
included because it had a disproportionately higivglence of disabling hearing loss.

In Riberalta, where the prevalence of hearing impant was 45.9 percent (95%
Cl142.6% -49.2%) and prevalence of disabling heammpairment was 11.7 percent
(95% CIl 9.5% -13.8%). While the gender correlaiiothis subgroup analysis was not

significant, age was again highly correlated wittpairment. Individuals were 1.3 times



36

(p-value=0.032) and 17.4 times (p-value<0.001) nlikedy to experience impairment in
the 14 to 59 and 60 and over age groups respectinelividuals in Riberalta who
worked in occupations requiring manual labor wegetnes (p-value<0.001) more
likely to experience impairment, which is consistetth the fact that noise exposure and
trauma increased odds of having hearing impairnmetitis municipality by 6.5 (p-
value=0.001) and 19.6 times (p-value=0.004) resypagt

In nearby Guayaramerin, where the prevalence afrigeanpairment was 35.1
percent (95% CI 31.1% -39.1%) and prevalence afldiisg hearing impairment was 4.9
percent (95% CI 3.1%-6.7%), individuals were 281et (p-value<0.001) more likely to
experience impairment in the 60 and over age grobhpse who worked in occupations
requiring manual labor were 5.8 times (p-value<@)d@ore likely to experience
impairment, a higher odds ratio than in Riberditaise exposure and trauma increased
the odds of having hearing impairment in this migaltty as well, by 6.1 times (p-
value=0.001) and 7.7 times (p-value=0.004) respelsti In this group presence of a
foreign body on otoscopy was also correlated witlrimng impairment, increasing odds
by 3.2 times (p-value=0.006).

In Santa Ana, where the prevalence of hearing impnt was 43.3 percent (95%
Cl 37.1% -49.5%) and prevalence of disabling heginmpairment was 4.5 percent (95%
Cl 1.8%-7.0%), individuals age 60 and older weré Idnes (p-value<0.001) more
likely to experience impairment. Those who worke@ccupations requiring manual
labor were 3.6 times (p-value<0.001) more likelexperience impairment. In this group
trauma was not significantly associated with heammpairment, but loud noise exposure

increased the odds of having hearing impairment.bytimes (p-value=0.013).
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While the prevalence of hearing impairment in SamBn was one of the lowest
in the study at 20.5 percent (95% CIl 11.6% -29.4% prevalence of disabling hearing
impairment was high at 9.6 percent (95% Cl 3.84%). In subgroup analysis of this
smaller population, it was found that again, ageatgr than 60 was significantly
correlated with hearing impairment. Also noise esgpe and trauma increased the odds
of hearing impairment by 13.9 times (p-value=0.0&279 9.8 times (p-value=0.013)
respectively. The unique finding in this grouphattindividuals who reported a family
history of hearing impairment were 27.1 times (jh+ea0.004) more likely to experience
hearing impairment. Either high background noisparticular homes or congenital
hearing impairment may be contributing to such heyels of disabling hearing

impairment in this population.
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Table 5: Regional Differences in Prevalence of Vari  ables Associated with Hearing Impairment
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Variable @
Sex
Female 48.8 59.9 56.1 55.8 56.2 54.5 55.3 53.8 58.7 55.7 52.0 63.5 63.4 56.3 55.3
Male 51.2 40.1 43.9 44.2 43.8 45.5 44.7 46.3 41.3 44.3 48.0 36.5 36.6 43.7 44.7
Age
41014 58.1 35.7 33.8 35.6 37.4 43.2 37.1 36.6 25.8 33.9 40.0 30.8 36.6 40.2 36.7
15to 59 39.5 54.1 55.2 55.8 54.8 46.0 52.3 52.8 59.7 52.3 55.3 61.5 52.4 42.5 52.0
60+ 2.3 10.2 111 8.6 7.8 10.8 10.6 10.6 14.5 13.8 4.7 7.7 11.0 17.2 11.3
18.96 24.26 25.69 25.54 24.17 23.86 24.08 24.17 27.76 27.57 22.17 23.85 25.18 27.49 27.05

Average Age (S.D.) (16.89) (20.95) (21.35) (20.89)  (19.89) (21.14) (20.56) (21.29)  (22.55) (23.10)  (18.76) (21.49) (20.80) (24.16) (22.28)

Demographics

Average Household 3.98 3.46 3.46 3.62 3.40 3.56 3.82 3.91 3.24 3.82 4.00 3.78 3.60 3.92 3.40
Condition (S.D.) (0.146) (0.734) (0.646) (.813) (0.733) (0.796) (0.386) (0.434) (0.47) (0.38) (0.107) (0.415) (0.66) (0.53) (0.748)
Average Household 8.43 7.07 8.35 7.67 9.27 7.16 10.05 8.73 7.49 7.68 6.94 7.20 11.18 8.37 9.04
Size (S.D.) (2.88) (3.9 (4.44) (3.80) (5.13) (2.44) (5.372) (4.75) (4.20) (4.20) (2.78) (3.68) (7.44) (3.74) (3.74)
Work in Manual

Labor 23.8 49.4 54.9 50.2 49.3 44.0 43.5 48.6 47.7 53.2 47.4 46.5 44.9 53.8 51.8
Otoscopy

Foreign Body 0.0 1.0 4.3 4.9 3.2 6.8 9.1 2.2 2.0 3.4 4.0 1.9 6.1 1.1 6.0
Cerumen Impaction 7.0 16.7 10.2 7.8 11.4 114 114 12.8 9.7 6.9 1.3 1.9 4.9 2.3 3.3
History

Noise Exposure 2.3 1.9 5.0 4.1 5.0 11 45 0.6 4.8 2.9 4.0 3.8 2.4 4.6 5.3
Trauma 0.0 2.8 6.6 3.7 3.7 3.4 3.0 3.1 4.4 8.6 4.7 5.8 7.3 6.9 6.7
Family History of

Hearing Loss 0.0 1.7 1.8 0.8 0.5 0.0 3.8 0.0 0.8 0.0 0.0 0.0 3.7 7.0 0.0
Hearing

Assessment

Impairment 18.6 45.9 35.1 34.4 33.6 34.3 30.2 33.4 43.3 30.1 27.7 24.0 15.0 20.5 23.1

DHI 0.0 11.7 4.9 4.3 3.7 4.1 3.1 3.8 4.5 2.3 2.0 4.0 2.5 9.6 3.4
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Hearing Evaluation for Children Younger Than AgauFo

Of the 4,353 individuals who were examined for stisdy, 557 were children
under the age of four. As described above, thregatriees were used to assess hearing in
these children: screening questions, otoacoustisseons, and an educational hearing
game. Of these 557 children, 79.2% answered dtde@sscreening question correctly,
however 20.8% did not. For otoacoustic emissiostirtg, the majority of children
passed, however 19.9% and 26.8% failed in the agttleft ears respectively. Also,
over 15% of the children were either uncooperativthe test was not performed. Both
the failed tests and the cases where tests weigenormed may be related to logistical
challenges of performing this test in the fieldnt&ochildren were crying, distracted, or
irritable. Also, at times examiners failed to penficthis test because they did not realize
the child fell within the appropriate age rangeuelo the interactive nature of the
educational hearing game, it was only administévezhildren older than 18 months. Of
the 557 children, there were 347 children in tilge eange. Of these 347 children, the test
was administered to 120, most of whom passed. Agfagnlarge number of children who
were uncooperative or not tested may have stemmedlbgistical difficulties in
administering this test. Also, some of the uncoafpee children may have been

improperly coded as “not done.”
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Table 4:
Screening Tests for Children Age < 4
Screening Test Prevalence
n (%)
Screening Questions (answered at least one question correctly)
Yes 441 (79.2)
No 116 (20.8)
Otoacoustic Emissions
Right Ear
Eafs 361 (64.8)
a . 111 (19.9)
Uncooperative 33 (5.9)
Not Done 52 (9'4)
Left Ear ’
Pass
Eail 320 (57.4)
Uncooperative 149 (26.8)
Not Done 35(6.3)
53 (9.5)
Educational Hearing Game (ages 18 months to 4 years)
Pass 115 (33.1)
Fail . 5 (1.4)
Uncooperative 73 (21.1)
Not Done 154 (44.4)

Twelve children under the age of four were ablpddicipate with audiometry. It
was thought that there would be sufficient ovebapveen these data and each of the
screening modalities to evaluate their validitg.(positive and negative predictive values
for these tests, using audiometry as a gold stahddowever, the screening tests were
not administered to most of these children. Oftirgve, ten had normal audiograms and
two showed mild impairment. Of the ten with norraatliograms, only two were asked
the screening questions, administered the edueti@aring game, and evaluated for
otoacoustic emissions. Both children answered ¢heeging questions appropriately.
One of the children passed the educational hegange and had normal otoacoustic
emissions. The other passed the educational hegaimg but otoacoustic emissions data

were not recorded. Neither of the two children wlleononstrated mild impairment on
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audiometry were administered the screening batteiynot clear why most of these
children were not administered the screening téstspossible that survey teams
independently decided that because audiometry 8apexior test, if the child was

cooperative, there was no need to evaluate usimey atodalities.
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DISCUSSION:

This study found that the overall prevalence ofrimgaimpairment in this
population was 35.5 percent (95% CI 34.0% -37.1%)l the prevalence of disabling
hearing impairment was 5.8 percent (95% CI 5.1%%f). While these estimates are still
preliminary, as these data do not include infororafrom the city of Trinidad, they are
still informative. Extrapolating these numbershe targer population of the Department
of Beni (249,152 in 2001), there are over 88,4@viduals in this region suffering from
hearing impairment and over 14,400 individuals wdigabling hearing impairment.

In the context of other countries where prevalestadies on hearing impairment
have been performed, the prevalence of disabliagingimpairment in this population
was relatively high. As described in the introdaotiin several developed European
nations, prevalence statistics range from 0.2%3863°°3*In the Middle East statistics
ranged from 0.9% to 2.07%>" In many developing countries, including those in
different regions in Africa, prevalence was alse langing from 0.9% to 4.2% with an
outlier in Ugandd>#**® The prevalence in this study is more consistétit studies
conducted in India (7%} Korea (10.6%)?® and Brazil (6.8%3° With regard to all
levels of impairment, this study has one of thénbgj prevalences recorded. The only
population based study that is similar is the osgomed in Korea where a prevalence
of overall impairment was determined to be 43?4%he prevalence of impairment in
this study is much greater than the study perforindgtazil where the prevalence of
overall impairment was 26.1%8 While the screening data available in our study fo
individuals younger than age 4 are not as reliablaudiometry, the high prevalence of

failed otoacoustic emissions testing and failurartewer screening questions (both
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around 20%) is concerning and points to the needddy childhood hearing screening
and evaluation to identify problems prior to impagnt in speech or language
development.

Little data is available for ear pathology in@tltountries to provide context for
statistics gleaned from this study. The prevaletata for ear pathology is mostly limited
to the pediatric population. A study of school dhein in Tanzania, aged five to twenty
years, found the prevalence of cerumen impactidetd5.7% and prevalence of chronic
suppurative otitis media to be 2.69A separate study performed in a cohort of children
ages three to eight in Greenland showed a prevaleinacute otitis media between 1.5%
and 0.4%, and of otitis media with effusion betw&8r0% and 28.29% Another study
done in school children in Jerusalem between tles af8 and 13 found that 1.5% of
these children suffered from otitis media with sfin, 0.3% from chronic otitis media,
and 0.07% from cholesteatortfdn comparison with these studies, our study fotiad
the prevalence of acute otitis media was somevavar at 0.2% in the general
population and between 0.2% to 0.5% in childrendgh age 14. The rate of otitis media
with effusion was high in the younger populatio.{®26 in the youngest age group)
which is lower than the statistics found in the &iand study, and the prevalence of
2.1% in the age group from 4 to 14 is higher tramt in the Jerusalem study.
Suppurative and non-suppurative chronic otitis medere diagnosed in 1.0% of the
population, which is lower than the prevalence amZania, but higher than in Jerusalem.
Cholesteatoma was diagnosed in 0.1% of the populatrhich is higher than in the
Jerusalem study. Lastly the prevalence range froM% to 17.4% of cerumen impaction

in ages 0 to 14 is even greater than the prevalenrel in Tanzania in a similarly aged
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population. This high level of cerumen impactionnasl as a prevalence of foreign
bodies in 3.0% of the study population presentear ®pportunity for education and
prevention.

The regression analysis clearly showed that ceviaiiables are associated with
hearing loss. The findings that men had a higlketihood of experiencing hearing loss
and an increasing likelihood of hearing loss witbreasing age were found in the
population based study performed in Brizis well as in data from the United States
population®® The other variables associated with impairmermipiting working in an
occupation requiring manual labor, exposure to leoide, and history of trauma are
likely related. A large proportion of Bolivians woin jobs requiring manual labor and
while labor laws providing protection for workerave been passed, there are few
resources to enforce them. Also, for either ecoraniultural reasons, individuals often
do not use ear protective devices. A large numbpeople travel by motorbike
throughout the region, and while accidents areeqeoimmon, very few individuals wear
helmets.

With regard to regional differences in hearing immp&nt, the above analysis of
the municipalities with the highest prevalence editing impairment provides some
direction for implementation of hearing impairm@névention programs throughout this
region of Bolivia. While all of the population cens would benefit from hearing
impairment prevention programs, Riberalta, Santa,amd Guayaramerin have the
highest prevalence of hearing impairment, and wbeldood places to focus resources
initially. Age, working in manual labor, exposureloud noise, trauma, and the presence

of foreign body on otoscopy were associated withring impairment among these
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communities, it would be helpful to provide eduoatand increased access to screening
and treatment services to these individuals.

The World Health Organization has developed a @mogior the education of
individuals in Primary Ear and Hearing Carthat may serve as the foundation of such a
prevention and intervention initiative. The traigiresource is divided into beginner,
intermediate, and advanced levels. It providesrmédion on the causes, diagnosis, and
treatment of many ear diseases. It also providasagmn about hearing impairment and
training on the proper use and maintenance of hgaids. Prevention is also a major
focus of this resource. Included in the curriculare primary prevention techniques such
as education regarding use of ear protection deyioemunization against certain
infections, treatment of otitis media and carefg of ototoxic drugs; secondary
prevention techniques which focus on the diagnaisistreatment of conditions that may
lead to hearing impairment and includes interverstisuch as hearing screening and early
treatment of infections; and tertiary preventiocht@ques, which focus on rehabilitation
of individuals who already have a hearing impairtreard include interventions such as
providing hearing aids, education, and social irgggn for these individuals. This
curriculum for educating health workers on primaay and hearing care has been
initiated at Fundacion Totai. Training programd Vikely be pursued in each of the
municipalities to equip individuals there with theper resources to address the
pathology identified in this study. It is recommeddhat priority be given to the three
municipalities mentioned above: Riberalta, Guayaam and Santa Ana. It is also
important to further explore the high prevalencelisabling hearing impairment and its

connection with reported family history that is ggat in the community of San Ramon.
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There are several limitations of this study. Thedomization of the study sample
was not entirely consistent from one populationteeto another, because different
information and map resources were available foh éacation. Also, the goal was for
clusters to be of approximately equal sizes. Wihiéeaverage cluster size was 115
individuals, which was close to our goal of 100iundlals, in execution of the survey,
average cluster sizes ranged from a minimum oh@sreto to a maximum of 164 in
Santa Rosa. These differences may have influerasetbmization. Another weakness
was that error was likely introduced either whedlividuals coded responses onto the
form manually or when these data were recodedtia@omputer. In retrospect, it would
have been very beneficial to ask more history goestof participants including average
household income, health risk factors such as tkah® history of smoking, and number
of years of schooling. These additional data pamay have provided more information
regarding demographics of hearing impairment. Aaotonfounding factor in our study
was the level of ambient noise at the time of aoditsy. Background noise interferes
with the subject’s ability to discriminate the puomes emitted from the audiometer.
There were statistically significant increasesackground noise between the “No
Impairment,” “Mild Impairment,” and “Moderate Imganent” groups (Table 6),
indicating that there was likely an influence agé lower levels of hearing impairment.
However, at more severe levels of loss, there wasorrelation on increased background
noise with more severe levels of impairment. Thanesfbackground noise may have
caused artificially elevated prevalences of impaintrin the mild and moderate

impairment categories.
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Table 6

Mean Ambient Noise (dB) with 95% confidence intervals according to level of impairment

Level of Impairment No. Mean (dB) 95% CI
No Impairment (25 dB or less) 2418 48.41 48.23-48.59
Mild Impairment (26 dB to 40 dB) 1141 49.85 49.53-50.18
Moderate Impairment (41 dB to 60 dB) 141 51.67 50.57-52.77
Severe Impairment (61 dB to 80 dB) 34 49.35 48.01-50.70
Profound Impairment (81 dB or greater) 16 50.63 47.19-54.06

*The analysis of variance technique showed a statistically significant (p <0.05) in the average ambient noise experienced
between the first three groups, the difference between the last two groups was not significant.

The completion of this survey and analysis of ¢hesta provides useful
information on hearing impairment and ear disedsielwmay be used both by local
charity organizations such as Fundacion Totai fement hearing impairment
prevention programs as well as by national andmaténal aid organizations such as the
World Health Organization as they distribute researto address the problem of hearing
impairment and the many difficulties that accomp#anyhrough administration of this
survey in the various communities, valuable datpr@valance and geographic
distribution of disease and impairment was collécpriblic awareness of hearing loss
and ear disease was increased, many individuaks egemected with needed treatment
from specialists in otolaryngology and audiologyd daseline data have been recorded

from which future data may be compared and progresssured.
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Appendix A: Map of Bolivia (outlined in red) andeibepartment of Beni (outlined in
blue)

« AMazonas

— —

© 2010 Google — Imagery ©2010 TerraMetrics, Map dat©2010 Dmapas/EIMercurio, Europa
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Appendix B: Map of Beni, Bolivia (outlined in blug)ith each of the population centers
labeled with blue tabs
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Appendix C: Original WHO Ear and Hearing DisordEssamination Form

WHO/PBD Ear and Hearing Disorders Examination Form Version 8.3 (use Earform software 6.00d, manual 6v2)
A. CENSUS

Country D D D Study DD Admin DD Cluster DDHousehold DI:ﬁerson DDame
Number Number District Mumber Number umber
1.Date 2 Exam 3Agein 4.Agein 5 Male/ 6.Occupation [—]  7.0ptional [—1—1
EID Q D D D D Status ‘Years D D Months D D Female D D D
m m y y

B. HEARING EXAMINATION
{l} Hearing Assessment for children Mo ‘es Mot
(Age 6m fo 3y 11m) Done
1. A child searches for the sound direction and shows a res-
ponse such as smile or pause when you call his'her name D D D

() Audiometry (Age 4 years or over)
1. Ambientnoise ... HH}EA
Equipment number AUDIOMETER.....
2. Hearing Thresholds
Right (dBHL) Left (dBHL)
O e OO
OO0 = OO
5. OAEtest Right OO0 0 . M

OO sxwz IO
vmm e O 20D ] OO osfe OO
8. Equipment number OAE:DD ABRﬂ Tympanometer.DDJ: I:I D 1 KHz D D

2. Achild can point to a parent or brother & sister when you
ask, and speaks simple words such as ‘mama’ or “bye byei..D I:I I:I
3. Achild can answer your question for his/her name
and can repeat sentences which you give. .. D D D
4. A child refiexly blinks to loud noise..._...._... D D D
Pass Fail MNotdone Pass Fail Motdone

EXAMINER NUMBER: DD REMARKS:-
EXAM COMPLETIOM Mot fully examined:D Fully examined:D Exerior'D:exce tion only allowed for age <0y)

C. BASIC EAR ASSESSMENT D.CAUSE OF EAR DISEASE AND/OR HEARING IMPAIRMENT
] Rﬁn—» —— Left —— R L
. EarPain . NLdvLdwald Lty Ldna: Nommal ear and normal hearing.... SN I I
N=No; Y=yes; NiA=Not asked; I. Ear Disease
. Auricle ................ NI ws O IO Clws: 3 ewax .10
N=Mormal; M=malformation or abrice absent; N/E=not seen 2. Foreign body S E D
Ill. External ear canal 3. Ofitisexterna ... D
1. Normal............. O wedinOv-Onve Ofe media O O
2. Inflammation = Y NELIN: Y: NE: 5 5. Chronic suppuraiive O O
3. WaK............ IY: Pﬁ N: N’JE 6. Serous (with effusion) ... g
Removed ... ﬁ ﬂi -y I-j ﬂ 7. Dry perforation of Tympanic Membrane L1 []
4. Foreign body ... NI Y: :I:‘ N: Y
Removed . vL1n II. Infectious Diseases ... 1 O
5. Otorrhoea ... N DY DN!E |:| Specify
Removed ............_ -y IIl. Genetic Conditions a
6. Fungi ... N DY:DN!E:D Specify
MN=Ng; ¥'=Yes: N/E=not examined
IV. Ear drum IV. Non-Infectious Conditions .. D D
1. Perforation .. S . Specify.
2. Dulness or Retraction..Y: v V. Undetermined Cause ... 1 [
3. Red and Bulging .........Y: . E Speci
X ; E Specify
4. Normal ... ¥ Y I: VL OET oo I L
5. Unsure...._. T T E Specify
9. Notexamined.......... ”-\I‘—::Yes;T;I.r.\jé"m JRR. E. ACTION NEEDED SPECIAL EXAMINER'S
V. Middle Ear T=true; F=false; U=unknown T F U | NUMBER
1. Nomal v O No action needed ......[0.0 0O
. JUOSSUUSRUTSRURUTOVRN o4 I NEUURRPRN NP e SPECIAL EXAMINER'S
2. Otorrhoea... v: -  Neno: Yyes: Usunknown -y ()
T O 1. Action needed REMARKS:-
3. Not examined. - -T 1. Medication ... OO0
vl others ._._._.N[]v: DNIE Oiv:Ov:Oee: 3 g [‘eaﬂﬂg E;I‘fd : -apa
Specify anguage/speec
VII. Additional Information reh_abllltatlon -onoo
1. How long has the subject had difficulty hearing? 4. Special ngeds
Since infancy/childhood (0-4y) .. | education . 2ag
Since adulthood (15-53y) . a 5. Vocational Tralnmg aogog
Since old age (60y +) .. 0 6. Surgery Referral..... 1 0 0O
Uncertain __ g Urgent . B
No difficulty.... E Non-urgent ...
Not asked _ 7.others .80
2. Does any relative of subject have difficulty hearing? (ask all subjects) S N
No .. Brother or sister .....N: DY:r_LLJ:I: (Speciy)
Yes . Cd#»##  child of subject ._...N: Clv: Cu: O
Uncertain D Parent of subject NOv:OuO
Not asked ... Date of version: 1.03.08
Date of printing: January 8, 201
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Appendix D: Modified WHO Ear and Hearing Disordéssamination Form in Spanish

Formulario de la OMS/PDH para Trastornos del Oido y la Audicién Version 8.0 — Espaiiol (Fundacién Totai-Trinidad-Beni)

A. CENSO
Nimero Nimero Division Nimero Umero de Mimero ombre ..
de pais de estudio m administr. | " |de grupo I Fvivienda | I I)erecnal " P -
1.Fecha 2. Codige 3.Edad en 4. Edad en D 5.Mazculing 6. Ocupacion 7.Condicién DD
I:lD I:II:I DI:I examen I:I afios meses o Femenino (codigo) socialivivienda
d d m m a a 1=examinado; 2=rechaza; 3=ausente 1= Masculino 2=Femening 1=eucel; 2=buena: 3=prom; 4=haja; 5=mala
- 1
B. EXAMEN DE LA AUDICION 1 9- JEA (EHG) (I Audiometria (Edad: 4 afios 0 mds)

(I} Evaluacion de la Audicion en nifios (6m a 3a11m)

No

si necho: Juego Educacional Auditivo

Pasa Refiere
! Qido Derecho: DDD
D D D :‘.*aca 25 em
vaca @5om [T 1]
D :Ga\lo (50 cm) Dj]

1. Ruido aml)iente..............DDUEA
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1. El nifio busca la direccion del sonido y muestra una respuesta
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Comienzo incierto.......................[O (Especificar)
2. ¢ Algun familiar directo tiene dificultad para oir? (Esta pregunta
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