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ABSTRACT. Background: Farmers have high rates of hearing loss, yet little is known about the
hearing status of migrant agricultural workers. We performed a cross-sectional survey to assess the
prevalence and impact of hearing loss in this population.

Methods: One hundred fifty migrant and seasonal agricultural workers were surveyed at a series
of health fairs held at migrant camps. A bilingual questionnaire included items related to hearing
loss risk factors and subjective hearing difficulties. Pure tone audiometry and tympanometry were
performed in a mobile testing van,

Results: More than half the subjects had some degree of hearing Joss at andiometric frequencies be-
tween 500 and 6000 Hz, especially in the higher frequencies. Hispanic males in the sample had signifi-
cantly greater prevalence of high-frequency hearing loss compared to adults in the national Hispanic
Health and Nutrition Examination Survey (HHANES). More than 35% of respondents complained of
subjective difficulty hearing or understanding speech, yet no workers reported use of hearing aids. Even

after adjusting for measured hearing loss, Hispanic farm workers were more likely than their Eng- . -

lish-speaking counterparts to complain of difficulty hearing or understanding speech, suggesting that Jan-
guage barriers could worsen the impact of hearing loss. Risk factors for hearing loss included age and
abnormal tympanometry. Occupational exposures {o noise from tractors and other machinery as well as
pesticides were frequently reported, while use of hearing protection was rare.

Conclusion: Hearing loss is a significant and under-recognized problem in the migrant worker popula-
tion. Further preventive and treatment efforts are warranted. [Article copies available for a fee from The
Haworth Document Delivery Service: 1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.com>
Website: <http:/fvww.HaworthPress.com> © 2005 by The Haworth Press, Inc. All rights reserved. ]
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BACKGROUND

Hearing lossis one of the most common sen-
sory deficits. The prevalence increases with
age, and the primary causes of acquired hearing

loss are excessive noise exposure {noise-in- -

duced hearing loss, or NIHL) and age-related
hearing loss (presbycusis).

Occupational noise exposure has been rec-
ognized as a risk factor for hearing loss since
ancient times. More recently, farmers have
been found to haveanincreased risk of high fre-
quency, sensorineural hearing loss, presum-
ably due to noise and possibly pesticide expo-
sures. 12 Sources of noise exposure in agricultural
settings include tractors®# and other noisy farm
machinery.® Since some pesticides have neuro-
toxic properties, their role in hearing loss has
beeninvestigated. A history of crop sprayingin
the previous year has been associated with in-
creased risk of hearing loss.!

While the majority of studies of hearing loss
in agriculture have focused on self-employed
farroers, little or nothing is known about the
hearing status of the approximately 2.5 million
migrant agricultural workers in the United
States. Migrant workers have disproportionate
rates of a number of other health conditions re-
lated both to occupational exposures and
socioeconomic factors. These include musculo-
skeletal disorders, pesticide—related conditions,
traumatic injuries, respiratory conditions, der-
matitis, infectious diseases, cancer, ey condi-
tions, and mental illness.® Migrant workers are
exposed to noise sources from tractors and
other machinery, and are also at risk for pesti-
cide exposures. Whether such exposures are
causing elevated rates of hearing loss in mi-
grant workers is currently unknown, however.

Hispanics, who make up a majority of the
migrant farm worker population, have signifi-
cantrates of hearing 1oss.” The reasons for high
rates of hearing loss may be related to socioeco-
nomic factors,? but it may also be refated to oc-
cupational or non-occupational noise expo-
sure. There is evidence that hearing loss may
have a disproportionate impact in Hispanic
populations, perhaps related to the difficulty of

having both hearing impairment and limited
English skills.® In a study of noise-exposed
workers who were predominantly Hispanic,
Jjower acculturation scores Werc associated
withless effectiveuse of hearing protection.?
‘We therefore conducted a cross-sectional
survey of a largely Hispanic population of mi-
grant agricultural workers. The aims of the sur-
vey were to determine whether rates of hearing
loss appeared to be increased compared to
comparison populations, whether measured
hearing loss was associated with reported hear-
ing difficulties, and whether significant associ-
ations could be found between hearing loss and
occupational exposures tonoiseand pesticides.

METHODS

The study protocol and questionnaire were
reviewed and approved by the Human Investi-
gation Committee for the Yale School of Medi-
cine. During the agricultural season of 2001
and 2002, volunteers were recruited from
health fairs held at different migrant camps and
farms in the Connecticut River valley. After
giving informed verbal consent, volunteers
completed a short questionnaire regarding
noise exXposures, medical risk factors for hear-
ing loss, and hearing loss symptomns. They sub-
sequently had tympanometry using a Grason
Stadler tympanometer, and then entered a mo-
bile van audiometric booth for pure tone
andiometry performed by certified audiometric
technicians and a supervising audiologist. The
sound levels in the testing booth were in com-
pliance with OSHA standards. Due to equip-
ment failures, tympanometry could not be
completed on all subjects.

Study personpel administéred the question-
naire, with bilingual personnel administering
the instrument in Spanish to those volunteers
who only spoke Spanish. Subjects received a
copy of their hearing results and those with ab-
normal results were referred for medical fol-
low-up. All participants received instructionin
the use of hearing protectors, and were given
samples of earplugs.
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Altogether, 150 individuals completed the
survey. Questionnaire responses were entered
into a Microsoft Access database, and the data
were exported into SAS 8.02 for analysis. Sim-
ple univariate and frequency analyses were
performed on demographic variables.

Individuals were considered to have hearing
loss-if the hearing threshold (in either ear) at
any frequency between 500 and 6000 Hz ex-
ceeded 25 dB.1! For each individual, we deter-
mined whether such loss occurred either in the
lower frequencies of 500, 1000, and 2000 or the
higher frequencies of 3,000, 4000, and 6000 Hz
(where noise-induced hearing loss typically is
first detected'?). We determined the presence
of hearing impairment according to American
Medical Association (AMA) and American
Academy of Otolaryngology Head and Neck
Surgery (AAOHNS) criterial®14 as a loss
greater than 25 dB for the average hearing
threshold level at the frequencies of 500, 1000,
2000, and 3000 Hz in either ear. For tympano-
metry, a pressure range of —100 to 100 DaPa
and peak pressure of 0.3-1.9 cm? were consid-

" ered normal.!s

To determine correlates of subjective diffi-
culty hearing and/or understanding speech, we
performed simple and multiple logistic regres-
sions between this self-reported condition and
age, gender, and ethnicity as well as the
presence of hearing loss.

In order to compare hearing loss among sur-
vey participants to a reference population, we
used data from the 1982-84 Hispanic Health
and Nutrition Examination Survey (HHANES).16
HHANES was a large systematic sample of
U.S. individuals of primarily Mexican, Puerto

‘Rican, and Cuban descent.!? The National Cen-

ter for Health Statistics has recommended that
in analyses of HHANES data, these groups
should not be lurmnped into cne “Hispanic” cate-
gory.}8 For the purposes of the comparison to
HHANES, six farm workers from Central
America in the farm worker sample were
grouped with those of Mexican origin, while

one Hispanic male from Jamaica was analyzed

together with the Puerto Ricans in the sample.
The audiometric testing component of HHANES
was limited to the frequencies of 500, 1000,
2000, and 4000 Hz. In order to focus on high
frequency hearing loss possibly related to oc-
cupation, we compared the prevalence of hear-

ing loss at the noise-sensitive frequency of
4000 Hz between male Hispanic farm workers
in the survey and males in the HHANES sam-
ple. We confirmed that hearing loss at 4000 Hz
in the farm worker survey was well-correlated
with loss at 3000, 4000, and 6000 Hz: of the 78
individuals with loss at either 3000, 4000, or
6000 Hz, 50 (64%) had loss at 4000 Hz.

A logistic regression model was used to cal-
culate bivariate and adjusted odds ratios for as-
sociations between demographic and occupa-
tional factors and hearing loss. .In all the
multivariate analyses, a backward elimination
method was used, with a selection criterion of p=
(.05 in order to select the variables remaining
in the final model.

RESULTS
Demographics

As Table 1 shows, the study population was
predominantly male. There was a wide age
range, althoughthe median age was less than 35
years. Most of the workers were from Spanish-
speaking countries and territories, especially
Puerto Rico and Mexico. The African Ameri-
cans in the sample were all from Jamaica. The
predominant crop currently worked was tobacco,
although some participants worked other crops,
including a commercial nursery and an apple
orchard. The respondents reported a median of
4 years working in agriculture. During the rest
of the year, participants reported a variety of
other occupations, most commonly farm work
in other parts of the United States or in their
home countries, but also construction and ser-
vice industry jobs.

Hearing Status

Table 2 shows the prevalence of measured
and reported hearing loss for study subjects,
grouped according to tympanomefry testing
status, Overall, 12% of individuals had hearing
impairment by AMA/AAOHNS criteria, and
more than 35% of respondents complained of
subjective difficnlty hearing or understanding
speech due to hearing problems. Despite this,
no respondents reported use of hearing aids
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TABLE 1. Demographics of Study Population (N=
150)

Age (median, range) 34 (18-75)
Male-No. (%) 140 (93.3)
Race/Ethnicity-No. (%)
Hispanic 112 (74.7)
African American 31 (20.7)
White, non Hispanic 2{1.3)
Unknown . 5{3.3)
Country of Origin (%)
Mexico 61 {40.7)
Jamaica 32 {21.3)
Puerto Rico 26 {17.3)
Guatemala 17 {(11.3)
U.B.A. 7{4.7)
Dominican Republic 3{2.0)
Honduras 2(1.3)
Unknown 2(1.3)
Type of Agricuffure (%)
Tobacco 97 (64.7)
Commercial nursery 33 (22.0)
Apple orchard 20 {13.3)
Years in agriculfure 4.0 {0-35)
{meclfan, range)
Other Jobs During Year (%)
Construction/Manufacturing 31 {20.7)
Agriculture 66 (44.0)
Services/Other 13 (8.7)
None or unknown 40 (26.7)

(data not shown). Hearing loss was more com-
mon in the higher frequencies of 3000, 4000,
and 6000 Hz compared to the lower frequen-
cies of 500, 1000, and 2000 Hz (52% vs. 16%,
respectively). The 23 individuals with abnor-
mal tympanometry (indicating middle ear dys-
function) were more likely to have hearing

impairmentas well as hearing loss athigher fre-

quencies. Subjective complaints of hearing dif-
ficulty, however, did not differ significantly by
tympanometry status. -

Factors Associated with Hearing Difficulty

Table 3a shows the bivariate and adjusted
associations between reported difficulty hearing

orunderstanding speech and bothdemo graphic
factors and measured low and bigh frequency
hearing loss. In this table, hearing loss is de-
fined as a categorical variable (hearing thresh-
old level in at least one frequency greater than
25 dB). In both the bivariate and multivariate
logistic regression models, hearing loss at the
higher frequencies of 3000, 4000, and 6000 Hz
was significantly associated with difficulty
hearing or understanding speech (OR =2.30,p
= 0.02). Hispanic ethnicity also showed a
strong association with reported hearing diffi-
culty, even after adjusting for age, gender,
tympanometry status and measured hearing
loss (OR =4.43, p < 0.01).

Table 3b shows the same bivariate and
multivariate analysis of perceived hearing dif-
ficulty, using low and high frequency hearing
threshold averages in the worse ear to define
hearing status as a possible contributing vari-
able. In this analysis, Hispanic ethnicity
remained an important explanatory variable
(OR =3.56,p=0.02). Measured hearing status,
as determined by high frequency hearing
threshold average, was also significantly asso-
ciated with reported hearing difficulty (OR =
1.04 per 1 dB increment in threshold average, p <
0.01).

Prevalence of Risk Factors for Hearing Loss

Table 4 shows the prevalence of reported
risk factors for hearing loss in the study pop-
ulation, including occupational and recre-
ational noise exposures, self-reported pesti-
cide exposures, and medical conditions.
Although exposures to noise sources were
commonly reported, only 14% of subjects
responded “yes” to the question “do you use
hearing protection?” The reported use of
hearing protection varied by type of agricul-
ture, with 36% of commercial nursery work-
ers versus 10% of apple workers and 7% of
tobacco workers reporting use of hearing
protection in the past (p <0.001).

For the 99 study subjects with normal
tympanometry (see Table 2), these risk factors
were tested for possible association with high-
frequency hearing loss. In a multivariate lo-
gistic regression model that also included age
and ethnicity, only age (OR = 1.06, p < 0.01)
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TABLE 2. Hearing Problems and Tympanometry Results (N = 150)

Cutcome Tympanometry Status p*
Total Normal Abnormal Not
(N = 150) (N=98) (N =23) performed
: (N=28)

Hearing Loss—No. {%)

Low frequency * 24 (16.0) 13 (13.1) 7 (30.4) 4(14.3) 0.12

High frequency ¥ 78 (52.0) 51 (51.5) 17 (73.9) 10 (35.7) 0.02
Hearing Impairment T—-No. (%) 18 (12.0) 7 (7.1} 6 (26.1) 5(17.9) 0.02
Difficulty hearing or understanding 53 (35.3) 37 (37.4) 9 (38.1) 7 (25.0) 0.44

speech—No. (%)

1 loss greater than 25 dB in any of the frequencies 500, 1 K, or 2 KHz in either ear
1 loss greater than 25 dB In any of the frequencies 3 K, 4 K, or 6 KHz in either ear .
‘H loss greater than 25 dB In the average of frequencies 500, 1 K, 2 K, and 3 KHz in either ear

* Differences between the 3 groups evaluated using chi-square test

TABLE 3a. Factors Associated with Difficulty Hearing or Understanding Speech: Hearing 1.oss as a Cat-

egorical Variable (N = 150)

Bivariate Model

Multivariate Modeal*

OR (95% CI) p OR (95% CI) o’
Demographic Faclors
Age 0.99{0.97,1.02) 0.67 - -
Male 1.30 (0.32,5.24) 0.72 - -
Hispanic ethnicity 3.70 {1.33,10.29) 0.01 4.43 (1.55,12.64) < 0.01
Tympanometry
Normal (reference) 1.00 - - -
Abnormal 1.08 (0.43,2.73) 0.88 - -
Unknown 0.56 (0.22,1.44) 0.23 - -
Hearing Loss
Low frequency T 1.69 (0.70,4.10) 0.24 - -
High frequency 1 1.91 (0.96,3.78) 0.06 2.30 (1.12,4.69) 0.02
1 loss greater than 25 dB in any of the frequencles 500, 1 K, ar 2 KHz in ejther ear
+ loss greater than 25 dB in any of the frequencies 3 K, 4 K, or 6 KHz in gither ear

and ear infections (OR =3.76, p=0.03) show-
ed a significant association with hearing loss
at the noise-sensitive frequencies of 3000,
4000, and 6000 Hz. In particular, no signifi-
cant associations ‘were found for’ reported
exposure to tractor or machinery noise, guns,
loud music, or anoisy job during the rest of the
year. '

— variables removed from the model after backward selection procedure

Comparison with the Hispanic HANES
Population

Figure 1 shows, by age category, the preva-
lence of hearing loss at 4000 Hz in Mexicanand
Puerto Rican male agricultural workers com-
pared to that of Mexican and Puerto Rican
males in the HHANES survey. In all age
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TABLE 38b. Factors Associated with Difficulty Hearing or Understanding Speech: Hearing Threshold

Averages as Continuous Variables (N = 150)

Bivariate Model

Multivariate Model*

OR (85% Cl) P OR (95% C) p

Demographic Factors '

Age 0.99 (0.97,1.02) 0.67 - -

Male 1.30 {0.32,5.24) 0.72 - -

Hispanic ethnicity 3.70 (1,33,10.29) 0.01 3.56 (1.26,10.03) 0.02
Tympanomelry

Normal {reference} 1.00 - - -

Abnormal 1.08 (0.43,2.73) 0.88 - -

Unknown 0.56 (0.22,1.44) 0.23 - -
Hearing Threshold Average

Low frequency T 1.03 (0.98,1.07) 0.12 - -

High frequency 3 1.91 (1.02,1.08) 0.003 1,04 (1.01,1.08) <0.01

+ Average hearing threshold at 0.5,1, and 2 KHz {worse ear}
+ Average hearing threshald a3, 4, and 6 KHz (worse ear)

* _varjables removed from the model after performing a backward selection procedure

TABLE 4. Prevalence of Risk Factors for Hearing
Loss (N = 150)

Reported Exposures—-No. (%)

Machinery 53 (35.3)
Tractors 54 (36.0)
Pesticides 78 (52.0)
Use of hearing protection 21 (14.0}
Fired a rifle or pistol 32 (21.3)
Noisy job rest of the year 53 (35.3)
Loud music 87 (58.0)
Medical Risk Factors-No. (%)
Allergy 28 {18.7)
Head Injury 29 (19.3}
Ear Infection 27 (18.0)
Family history 19 (12.7)

groups, the farm workers had substantially
higher rates of high-frequency hearing loss
than the comparison HIANES population.

DISCUSSION

The findings of this study indicate that mi-
grant agricultural workers may have dispropor-

tionately high rates of hearing loss. Hearing
loss was present evenin workers in the younger
age categories, while overall, 12% of the sub-
jects had hearing loss that met AMA criteria for
hearing impairment, and more than 50% of the
individuals in the sample had hearing foss =25
dB at one or more audiometric frequencies.
Testing for middle ear dysfunction was abnor-
mal in 19% of those tested, and this dysfunction
was associated with greater risk of hearing loss
and subjective hearing difficulty. Overall,
more than 35% of the farm workers reported
subjective difficulty with hearing or under-
standing speech. These complaints were in-
creased among Hispanics, even after adjusting
for age and presence of hearingloss, suggesting
an effect of language barriers on the impact of
hearing loss. Mexican and Puerto Rican male
farm workers had greater hearing loss at the
noise sensitive frequency of 4000 Hz com-
pared to the HHANES comparison population.
While reported exposures to noise and pesti-
cides were common, use of hearing protection
was rare. These findings have relevance for cli-
nicians providing medical care for migrant
worker populations, as well as occupational
health professionals interested in. reducing
health risks for agricultural workers.
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FIGURE 1. Prevalence of hearing loss at 4000 Hz by age catagory: Male Hispanic farm workers vs.

males in the HHANES survey.
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The study design was limited by the conve-
nience nature of the sample. Screenings took
place at migrant health fairs where other activi-
ties were also taking place over a period of sev-
eral hours, and the screening effort was limited
by time and space constraints. While we do not
have definite figures about the total number of
persons who attended the fairs, an estimate that
10-20% of attendees received hearing screen-
ing appears reasonable. Since we were not able
to test the entire population at the fair, much
less all workers, it is possible that some degree
of selection bias occurred, and that the results
of the survey are not representative of all mi-
grantworkers as a group. For example, individ-
uals with existing hearing loss or perceived
hearing difficulties may have been more moti-
vated to participate in the study, leading to an
overestimate of hearing loss in the population.
On the other hand, itis possible thatindividuals
with significant hearing problems wonld have
declined to participate in the survey out of
reluctance to be identified, despite the
anonymous survey design. Such a phenomenon
would lead to an underestimate of hearing loss
prevalence in the population.

Puerto Rican Mexican

Puerto Rican Mexican
<=25Yrs 26-40yrs >40yrs

The prevalentfinding of hearing loss was of-
ten accompanied by subjective difficulty with
hearing and understanding speech. This associ-
ation was confirmed in a multivariate model
that adjusted for age, gender, ethnicity, and
tympanometry statns. At the same time, while
12% of the sample had hearing loss that met cri-
teria for “hearing impairment,” none of the sub-
jects reported current use of hearing aids, A
study of Hispanic adults in the HHANES sam.-
ple found hearing aidusage rates between 2 and
12% among hearing impaired individuals.®
That this is a lower rate than the 14-55% hear-
ing aid usage prevalence reported for a largely
Caucasian population may reflect access to
care difficulties as well as cultural perceptions
about the treatment of hearing loss, although in
the general U.S. population, rates may be al-
mostaslow.1? Simjlarly, the highrate of middle
ear dysfunction in this sample of adults may be
a reflection of dietary factors, allergy, or
infection related to socioeconomic status.

The association between Hispanic ethnicity
and speech perception difficulties, even adjust-
ing for actual hearing loss or measured hearing
threshold averages, suggests an effect of Jan-
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guage barriers on perception of hearing diffi-
culty. In human speech, consonant sounds are
higher frequency than vowels, and individuals
with high-frequency hearing loss consequently
may experience difficulties with speech dis-
crimination, especially in sitnations of back-
ground noise. This problem may be exacer-
bated when one is trying to understand a second
language. Virtually all of the Hispanics were
from Spanish-speaking countries or territories
where Spanish would be the firstlanguage spo-
ken in the home. Itis possible that these work-
ers, living in a country where they encountered
English as a second language, would be more
aware of hearing difficulties for a given degree
of actnal hearing loss than their English-speak-
ing counterparts. Such difficulty could inter-
fere with their acculturation into U.S. society.
An alternative explanation would be that the
Hispanics in the sample were less reluctant to
admit hearing difficulty than the non-Hispanic
workers. :

While the rate of high-frequency hearing
loss was greater in the Hispanic male migrant
agricultural workers compared to a reference
population (HHANES), we were not able to
identify occupational sources of noise or pesti-
cides that correlated well with measured hear-
ing loss. One possible explanation was that the
brevity of the questionnaire that was designed
to rapidly screen participants for significant
factors related to hearing loss could have led to
exposure misclassification. One important
limitation of our exposure assessment was the
lack of information regarding dose and fre-
quency of exposure. Another possibility for the
Jack of correlation is that noise exposures in
otherjobs couldbe playing a greaterrole. Many

-of the farm workers reported spending time in

construction and other activities during the rest
of the year. Age was significantly associated
with hearing loss, while this could represent
purely the effect of presbycusis, itis also possi-
ble that the association reflected in part the cu-
mulative impact of noise and chemical expo-
sures, which are also associated with age.
Future studies of hearing loss in migrant
workers should explore such exposure issues in
greater detail.

Despite a high prevalence of reported expo-
sures to noise sources, only 14% of the subjects
reported using hearing protection. Other stud-

jes of Hispanic workers have shown that
perceived self-efficacy and barriers to hearing
protection use are important predictors of ac-
tual use.20 It was encouraging that workers in
the commercial nursery, with higher preva-
lence of reported noise exposures, Were more
likely to wear hearing protection. There ap-
pears, however, to be room for further im-
provements in training and enforcement of
hearing protector use in migrant agricuitural
worker populations.
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