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Abstract

Objective: The purpose of this study is to determine the relationship between occupational exposures and hearing among elderly Latino
Americans. Design: A descriptive, correlational design used for this secondary analysis with the data from the Sacramento Area Latino
Study of Aging (SALSA). Study sample: A total of 547 older adults were included. Results: A majority of participants (58%) reported
occupational exposures to loud noise and/or ototoxic chemicals. About 65% and over 90% showed hearing loss at low and high frequen-
cies, respectively. Participants with occupational exposure to loud noise and/or ototoxic chemicals were, significantly, two times more
likely to have hearing loss at high frequencies compared to those without exposure (OR =2.29; 95% CI: 1.17-4.51, p = .016), after
controlling for other risk factors of hearing loss such as age, gender, household income, current smoking, and diabetes. However, lifelong
occupational exposure was not significantly associated with hearing loss at low frequencies (OR = 1.43; 95% CI: 0.94-2.18, p = .094).
Conclusion: Lifelong occupational exposure to loud noise and/or ototoxic chemicals was significantly associated with hearing loss among
elderly Latino Americans. Healthy work life through protection from harmful auditory effects of occupational exposures to noise and
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chemicals will have a positive impact on better hearing in later life.

Key Words: Occupational exposure; noise; ototoxicants; hearing loss; risk factors; Latino Americans

Latino Americans are the fastest growing segment of the U.S.
population. According to the 2010 U.S. Census, 50.5 million
Latinos resided in the USA, representing approximately 16% of the
total population. Between 2000 and 2010, the Latino population
increased by 43% (15.2 million), rising from 35.3 million in 2000.
Approximately 28% (14.0 million) of the total Latino population
lived in California, and Mexican origin was the most highly ranked
Latino subgroup (63%) among the total Latino population (U.S.
Census Bureau, 2011). This rapid increase in the Latino population
in the U.S. has been due, in part, to immigration.

Latino immigrants tend to work in specific occupations with
more hazards, such as agriculture, construction, and clean-
ing (Schenker, 2010). According to the National Agricultural
Workers Survey (NAWS), the U.S. agricultural work force was
predominantly born outside the U.S.; 75% in Mexico and 2% in
Central American Countries (U.S. Department of Labor, 2005). In
California, over 90% of agricultural workers were Latino immi-
grants (Aguirre International, 2005). Furthermore, 30% of blue-
collar workers in construction were Latino workers; the majority
(82%) of foreign-born workers in construction were born in Latin
American countries, including 54% born in Mexico (Center for

Construction Research and Training, 2013). Also, among building
and grounds cleaning and maintenance occupations, 35.9% are
Hispanic or Latino (U.S. Bureau of Labor Statistics, 2014). Speci-
fically, cleaning occupations such as housekeeping/maintenance jobs
are dominated by female immigrants (Schenker, 2010).

Numerous studies have documented the occupational health haz-
ards and unsafe work conditions of agricultural work (Xiao et al,
2013), construction (Weeks, 2011), and cleaning jobs (European
Agency for Safety and Health at Work, 2009). Thus, Latino immi-
grant workers, who tend to work in these high-risk industries, may
have a higher risk of exposure to occupational hazards such as noise
and toxic chemicals, and higher rates of occupational injuries and
illnesses, including occupational hearing loss.

Noise is a well-known occupational and environmental health haz-
ard. Exposure to excessive noise causes permanent sensorineural
hearing loss (National Institute for Occupational Safety and Health,
1996). In the United States, approximately 10% (22 million) of
adults between 20 and 69 years old have irreversible hearing loss
due to exposure to loud noise at work or during leisure activities
(National Institute on Deafness and Other Communication Dis-
orders, 2011). Furthermore, research conducted over the last two
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Abbreviations

ACGIH American Conference of Governmental
Industrial Hygienists

ACOEM  American College of Occupational and
Environmental Medicine

ANSI American National Standards Institute

CI Confidence interval

dB Decibel

HTL Hearing threshold level

NAWS National Agricultural Workers Survey

NHANES National Health and Nutrition Examination
Survey

NSAIDS  Non-steroidal anti-inflammatory drug

OR Odds ratio

PCB Polychlorinated biphenyl

PTA Pure-tone average

SALSA  Sacramento Area Latino Study on Aging

decades has brought attention to the ototoxicity (toxic effects on
hearing) of chemicals in occupational settings and their interaction
with noise (Campo et al, 2013; Johnson & Morata, 2010). Chemi-
cals that have been specifically studied for their potential ototoxicity
include solvents (styrene, toluene), heavy metals (lead, mercury),
polychlorinated biphenyls (PCBs), and pesticides. It has been estab-
lished that these chemical exposures can impact the peripheral (i.e.
cochlea) and central auditory systems (Campo et al, 2013; Johnson
& Morata, 2010).

Presbycusis, hearing loss due to aging, is the most common
chronic health problem among older adults (Bielefeld et al, 2010).
While aging is, no doubt, the leading cause of hearing loss among
older adults, it is not the only cause of hearing loss (Pyykko et al,
2007). Other factors, particularly exposure to loud noise and oto-
toxic substances, also cause auditory damage. Exposure to ototoxic
agents (noise and ototoxic chemicals) during the earlier working
period may contribute to the extent of presbycusis at later stages in
life. An animal study conducted by Kujawa and Lieberman (2009)
has demonstrated that noise damage early in life made mice more
susceptible to age-related hearing loss.

Most human studies that investigated the harmful auditory effects
of noise and chemical exposures were conducted with working pop-
ulations in occupational settings. There is no study investigating
the effect of occupational exposure to ototoxic agents, specifically,
loud noise and ototoxic chemicals, during one’s work life on hear-
ing loss in later life. The purpose of this study is to investigate the
relationship between lifelong occupational exposures and hearing
loss among elderly Latino Americans.

Methods

Study design and participants

This study used secondary cross-sectional data from the Sacramento
Area Latino Study of Aging (SALSA), a longitudinal cohort study
of 1789 Latino American older adults, aged 60 or above, residing
in rural and urban areas of Sacramento County, California, between
1998 and 1999. Once the baseline data collection was completed,
follow-up home visits were conducted every 12—15 months for seven
years through late 2007. Among the 1789 participants, this study
included 547 who were between 65 and 75 years old and completed

the audiometric test that was offered from years four through seven
of the study. Details of the recruitment process and data collection
procedure for the original study can be found in Haan et al (2003)
and Hong et al (2009), respectively. This study was approved by the
institutional review boards of the University of California, Davis and
the University of Michigan.

Measures

Baseline data (e.g. the majority of demographic characteristics
except for age and lifelong occupation and exposures) were collected
at the beginning of the study. All other variables were collected by
interview in the participant’s preferred language during a home visit
at the time of the hearing test.

Dependent variable

HEARING ABILITY

Hearing ability was measured by conventional pure-tone audiometric
thresholds testing in both ears at frequencies of 0.25 through 8 kHz.
Hearing threshold level (HTL) data from 0.25 kHz was not utilized
for this study. Participants with hearing aids were asked to remove the
device(s) before the audiometric testing. The audiometric tests were
conducted using the Pocket HEARO LE Testing Device with Pocket
PC (Otovation LLC, King of Prussia, USA). This device includes
the use of noise-attenuating head phones to permit testing in the
presence of noisy surroundings. The audiometer was calibrated by
Otovation in accordance with American National Standards Institute
(ANSI) standard Specification for Audiometers (ANSI S3.6-1996)
(ANSI, 1996). We made our best efforts to minimize the influence
of high ambient noise, including selecting a quiet room, using noise-
attenuating headphones, and testing only as low as 25 dB HTL. Hear-
ing threshold levels were obtained between 25 decible (dB) and 90
dB and recorded in 5-dB increments. An HTL of 90 dB was recorded
if the participant’s HTL at a particular frequency exceeded the upper
limit of the test protocol.

Hearing loss was defined as pure-tone average (PTA) greater than
25 dB in the better ear at both lower (0.5, 1, 2, and 3 kHz) and
higher (4, 6, and 8 kHz) frequencies. Also, the status of hearing loss
was categorized as slight (2640 dB), moderate (41-60 dB), severe
(61-80 dB), and profound (above 80 dB), using the classification
suggested by the World Health Organization (Mathers et al, 2000).

Independent variables

DEMOGRAPHICS CHARACTERISTICS

Demographics characteristics included age, sex, education, marital
status, household income per month, primary language, nativity,
and job categories. Household monthly income was categorized
as <$1000, $1000-1999, and =$2000. Primary language was
categorized as English or Spanish. Nativity was categorized into
three: being born in the USA, Mexico, or another Latin American
country.

LIFELONG OCCUPATIONAL EXPOSURE

Occupational exposure was assessed by a single question followed
by a checklist: “On your main job, were you exposed to any of
the following?” A checklist of nine hazards followed: pesticides,
lead, cadmium, solvents, other heavy metal, loud noise, dust, fumes,
and high level of heat. Main job was defined as the major occupa-
tion participants held for most of their lives. For each occupational



hazard, the participant was asked to check “yes” or “no”. For the
purpose of this study, we used data for exposure to loud noise and
potential ototoxicants (pesticides, lead, cadmium, solvents, and other
heavy metal).

Several covariates of hearing loss such as smoking, hyperten-
sion, type 2 diabetes, and use of ototoxic medications were also
measured.

Smoking status was categorized as current, former, and never
smokers.

Hypertension was measured by self-report of physician diagnosis
and/or the use of antihypertensive medication. Hypertension was
dichotomized as yes/no.

Type 2 diabetes was also dichotomized as yes/no and was
determined at the time of the hearing test by fasting glucose
>125 mg/dL, HbAlc > 6.5%, self-report of physician diagnosis, or
the use of any medication for diabetes.

Ototoxic medication use was assessed by asking the participants
to show the data collector their medication bottles and recording the
names of the medication from the bottles at the time of the hearing
test. For the purpose of the study, we used data on taking a loop
diuretic, non-steroidal anti-inflammatory drugs (NSAIDS), and/or
other drugs with known ototoxicity, at the time of the hearing test.

Data analyses

Data were analysed using SPSS version 20 (SPSS Inc., Chicago,
USA). Descriptive statistics were used to analyse all study variables
and characteristics of study participants, using means and standard
deviations for continuous variables, and frequencies and percentages
for categorical variables. A t-test was used to compare the means
of continuous variables. A chi-square test was used to compare cat-
egorical variables. Odds ratios with 95% confidence intervals and
p-values were calculated to analyse the association of occupational
exposures and hearing loss, using logistic regression analyses. Vari-
ables for adjustment in the multivariable logistic regression analy-
ses were selected, based on their significance in bivariate analyses
(»<0.05). We also checked multi-collinearity among independent
variables before running the logistic regression analyses and found
no high intercorrelations among independent variables. A p-value of
< 0.05 was set for statistical significance.

Results

Characteristics of the study participants

Table 1 shows the characteristics of the study participants. The
mean age of the participants was 71.2 years, 56.5% were women,
the average education level was ninth grade, and 59.7% were mar-
ried. Slightly over one-half of the participants (52.0%) were born
in the United States, 41.2% in Mexico, and 6.8% in another Latin
American country. A majority of participants (53%) reported speak-
ing primarily Spanish. The majority of the participants (73.3%) had
household incomes under $2000 per month. The most commonly
reported types of work were homemaker (15.9%), followed by farm-
ing/forestry/fishing (13.8%), and machine operators/assemblers/
inspectors (10.5%).

A large number of participants reported having hypertension
(66.5%) and 43.0% reported having type 2 diabetes. Approxi-
mately 12% of the participants were classified as current smokers,
41.3% former smokers, and 47.1% never smokers. The majority
of participants (62.0%) used a loop diuretic, NSAIDs, or other
ototoxic drugs.
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Table 1. Characteristics of study participants (N = 547).

Characteristics Mean (SD)
Age (years) 71.2 (2.9)
Education (years) 8.7 (5.4)
n (%)
Sex
Male 238 (43.5)
Female 309 (56.5)
Marital status
Married 325 (59.7)
Widowed 118 (21.7)
Divorced 61 (11.2)
Separated 22 (4.0)
Never married 11 (2.0)
Living with someone as spouse 7 (1.3)
Nativity
US born 283 (52.0)
Mexico 224 (41.2)
Other 37 (6.8)
Primary language
English 259 (47.3)
Spanish 288 (52.7)
Household income (per month)
<$1000 152 (28.7)
$1000-$1999 236 (44.6)
=$2000 141 (26.7)
Hypertension 364 (66.5)
Diabetes 235 (43.0)
Smoking status
Never smoked 256 (47.1)
Former smoker 224 (41.3)
Current smoker 63 (11.6)
Ototoxic medication use®
Yes 339 (62.0)
No 208 (38.0)
Occupational exposures®
Yes 307 (57.6)
No 226 (42.4)
Job categories
Housewives 86 (15.9)
Farming, forestry, fishing 75 (13.8)
Machine operators, Assemblers, Inspectors 57 (10.5)
Service, except private HH or protective 51(94)
Admin support, including clerical 48 (8.9)
Precision production, Craft, Repair 48 (8.9)
Professional specialty 45 (8.3)
Handlers, Equip cleaners, Helpers, Laborers 31(5.7)
Sales 28 (5.2)
Exec., Admin, Managerial 27 (5.0)
Transportation, Material moving 18 (3.3)
Protective services 15 (2.8)
Technicians and related support 5(0.9)
Military 3 (0.6)
Insufficient information 5(0.9)

Totals may differ due to missing data. *Loop diuretic medication use, NSAIDs
use, other ototoxic medication use. POccupational exposures: Loud noise
and/or ototoxic chemicals (pesticides, lead, cadmium, solvents, and other

A majority of participants (58%) reported occupational exposure
to loud noise and/or ototoxic chemicals in their main job. The most
commonly reported exposure was loud noise (52.7%), followed by
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solvents (21.9%), pesticides (21.4%), other heavy metals (13.5%),
lead (11.5%), and cadmium (4.8%).

Prevalence of hearing loss at low and high frequencies

Table 2 presents the distribution of the extent of hearing loss at low
(0.5, 1, 2, and 3 kHz) and high frequencies (4, 6, and 8 kHz). The
mean PTAs at low frequencies and high frequencies were 33 dB
and 49 dB HTL, respectively. About 65% of participants showed
hearing loss at low frequency (0.5 to 3 kHz); 47.2% slight, 14.4%
moderate, 3.1% severe, and 0.4% profound loss. The vast majority
of the participants (90.9%) showed hearing loss at high frequency
(4 to 8 kHz); 31.6% slight, 32.4% moderate, 21.8% severe, and
5.1% profound loss.

Comparison of characteristics between hearing loss and
normal hearing at low and high frequencies

A comparison of characteristics between the study participants
who had hearing loss and those who had normal hearing at low
(0.5 to 3 kHz) and high frequencies (4 to 8 kHz) is presented in
Table 3. At low frequencies (0.5 to 3 kHz), the participants who
showed hearing loss were significantly older (71.6 years vs. 70.4
years, p<<.001), were more likely to be male (54.8% vs. 22.5%,
p <.001), were more likely to be born in the United States (55.0% vs.
46.6%, p =.042), were more likely to have type 2 diabetes (46.9%
vs. 35.6%, p=.014), and were more likely to report occupational
exposures (64.1% vs. 45.7%, p <.001), than those with normal hear-
ing. Also, the study participants with hearing loss were less likely
to have household incomes = $2000 per month (22.7% vs. 33.9%,
p =.013), and to never smoke (39.2% vs. 61.8%, p <.001) compared
to those with normal hearing.

At high frequencies (4 to 8 kHz), the participants who showed
hearing loss were significantly older (71.4 years vs. 69.4 years,
p <.001), were more likely to be male (46.9% vs. 10.0%, p <.001),
were more likely to be born in the United States (53.8% vs. 34.0%,
p =.020), were more likely to have type 2 diabetes (44.7% vs. 26.0%,
p=.017), and were more likely to report occupational exposures
(60.0% vs. 34.0%, p =.001) than those with normal hearing.

Comparison of characteristics between exposure and non-
exposure groups

When comparing the characteristics between the study participants
who reported occupational exposures and those who did not (the
data are not shown), the occupational exposure group reported

significantly lower education grade (7.7 vs. 9.9, p <.001), were more
likely to be male (56.7% vs. 25.2%, p <.001), were more likely to
be born in Mexico (48.5% vs. 32.3%, p =.001), were more likely to
speak in Spanish (57.7% vs. 44.7%, p = .004), were less likely to have
household incomes = $2000 per month (22.3% vs. 32.9%, p = .022),
and were less likely to never be smokers (40.7% vs. 56.6%, p <.001),
compared to those who did not report occupational exposures.

Relationship between hearing loss and occupational exposures

When hearing loss at low (0.5 to 3 kHz) and high (4 to 8 kHz) fre-
quencies were compared between the occupational exposure group
and the non-exposure group, the exposure group was significantly
more likely to show hearing loss than the non-exposure group: 72.0%
vs. 54.6% (p <.001) at the low frequency (0.5 to 3 kHz); 94.5% vs.
85.4% (p<<.001) at the high frequency (4 to 8 kHz).

Logistic regression models for hearing loss at low and high
frequencies

We included independent variables in the logistic regression
model that were significantly associated with hearing loss in bivari-
ate analyses (p <0.05). Those significant covariates of hearing loss
at low and/or high frequencies were age, gender, nativity, income,
smoking, type 2 diabetes, and occupational exposure.

The summary of multiple logistic regressions is presented in
Table 4. Variables for adjustment in the logistic regression analy-
ses were selected, based on their significance in bivariate analyses.
Prior to the logistic regression analyses, multicollinearity among
independent variables was assessed. We detected no high intercor-
relations among independent variables. The result demonstrated that
the participants who reported occupational exposure to loud noise
and/or ototoxic chemicals were, significantly, two times more likely
to have hearing loss at high frequencies (4 to 8 kHz) compared to
all others (OR =2.29; 95% CI: 1.17—4.51, p =.016). However, the
association between occupational exposure to loud noise and/or oto-
toxic chemicals and hearing loss at low frequencies (0.5 to 3 kHz)
was not significant (OR =1.43; 95% CI: 0.94-2.18, p =.094), but
marginal. The study also found other factors such as age, sex,
household income, current smoking, and diabetes were significantly
related to hearing loss at low and/or high frequencies.

Discussion

We performed a cross-sectional secondary data analysis to assess
the prevalence of hearing loss and the factors associated with

Table 2. Distribution of hearing status at low and high frequencies (N = 547).

Low frequencies High frequencies
PTA (0.5, 1, 2, and 3 kHz) PTA (4, 6, and 8 kHz)
Extent of hearing loss N (%) N (%)
Normal (=25 dB HTLs) 191 (34.9) 50 (9.1)
Hearing loss (>25 dB HTLs) 356 (65.1) 497 (90.9)
Slight (26-40 dB HTLs) 258 (47.2) 173 (31.6)
Moderate (41-60 dB HTLs) 79 (14.4) 177 (32.4)
Severe (61-80 dB HTLs) 17 (3.1) 119 (21.8)
Profound (>80 dB HTLs) 2(0.4) 28 (5.1)
Mean (SD) PTAs in dB HTLs 32.8 (11.0) 49.2 (17.8)

PTA: Pure tone average. HTL: Hearing threshold level
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Table 3. Comparison characteristics between hearing loss and normal hearing at low and high frequencies.

Low frequencies
PT4 (0.5, 1, 2, and 3 kHz)

High frequencies
PTA (4, 6, and 8 kHz)

Hearing loss
(n=356, 65.1%)

Normal
(n=191, 34.9%)

Normal
(n=150, 9.1%)

Hearing loss
(n=1497, 90.9%)

Characteristics Mean (SD) Mean (SD) )4 Mean (SD) Mean (SD) P

Age (years) 71.6 (2.7) 70.4 (2.9) <.001 71.4(2.8) 69.4 (2.7) <.001

Education (years) 8.7 (5.6) 8.7 (5.1) 907 8.8 (5.4) 7.5(4.9) .096
n (%) n (%) P n (%) n (%) P

Sex <.001 <.001
Male 195 (54.8) 43 (22.5) 233 (46.9) 5(10.0)

Female 161 (45.2) 148 (77.5) 264 (53.1) 45 (90.0)

Marital status 181 .160

Never married 7 (2.0) 4(2.1) 8 (1.6) 3(6.0)
Married 223 (63.2) 102 (53.4) 298 (60.3) 27 (54.0)
Widowed 74 (21.0) 44 (23.0) 109 (22.1) 9 (18.0)
Divorced 35(9.9) 26 (13.6) 52 (10.5) 9 (18.0)
Separated 10 (2.8) 12 (6.3) 20 (4.0) 2 (4.0

Living with someone as spouse 4 (1.1 3 (1.6) 7(1.4) 0 (0.0)

Nativity .042 .020
Mexico 141 (39.9) 83 (43.5) 197 (39.9) 27 (54.0)

US born 194 (55.0) 89 (46.6) 266 (53.8) 17 (34.0)
Other 18 (5.1) 19 (9.9) 31 (6.3) 6 (12.0)

Primary language .598 .092
English 172 (48.3) 87 (45.5) 241 (48.5) 18 (36.0)

Spanish 184 (51.7) 104 (54.5) 256 (51.5) 32 (64.0)

Household income .013 .099
<$1000 99 (28.9) 53 (28.5) 132 (27.4) 20 (41.7)
$1000-$1999 166 (48.4) 70 (37.6) 220 (45.7) 16 (33.3)
=$2000 78 (22.7) 63 (33.9) 129 (26.8) 12 (25.0)

Hypertension 382 1.000
Yes 242 (68.0) 122 (63.9) 331 (66.6) 33 (66.0)

No 114 (32.0) 69 (36.1) 166 (33.4) 17 (34.0)

Diabetes .014 .017
Yes 167 (46.9) 68 (35.6) 222 (44.7) 13 (26.0)

No 189 (53.1) 123 (64.4) 275 (55.3) 37 (74.0)

Smoking status <.001 119
Never smoked 138 (39.2) 118 (61.8) 227 (46.0) 29 (58.0)

Former smoker 161 (45.7) 63 (33.0) 205 (41.6) 19 (38.0)
Current smoker 53 (15.1) 10 (5.2) 61 (12.4) 2 (4.0)

Ototoxic medication use® .563 447
Yes 217 (61.0) 122 (63.9) 311 (62.6) 28 (56.0)

No 139 (39.0) 69 (36.1) 186 (37.4) 22 (44.0)

Occupational Exposure P <.001 .001
Yes 221 (64.1) 86 (45.7) 290 (60.0) 17 (34.0)

None 124 (35.9) 102 (54.3) 193 (40.0) 33 (66.0)

aLoop diuretic medication use, NSAIDS use, other ototoxic medication use. "Occupational exposure: Loud noise and ototoxic chemicals (pesticides, lead,
cadmium, solvents, and other heavy metal). PTA: Pure -tone average. P-value for t-test or %2 test

hearing loss by using existing data from a large longitudinal cohort
study with Latino-American adults. In particular, this study focused
on the relationship between lifelong occupational exposure and
hearing loss.

As expected for older adults, the study found a high prevalence of
hearing loss among the study participants. While the definitions of
hearing loss and age groups are slightly different, our findings are
comparable to prevalence rates of 63% at speech frequencies (0.5,
1, 2, and 4 kHz) derived from the 2005-2006 cycle of the National
Health and Nutrition Examination Survey (NHANES) using the bet-

ter ear HTLs of adults aged 70 and over (Lin et al, 2011). However,
the NHANES study assessed the prevalence of high frequency hear-
ing loss with the worse ear HTLs defined by the mean HTLs at 3, 4,
6, 8 kHz of 15 dB and above. Using this definition, the prevalence of
hearing loss in adults aged 70 years and older was 99.7%, which was
greater than our finding (91%) with a cutoff of 25 dB. Lin’s study also
estimated the prevalence of hearing loss in the better ear, using the
same definition (a 25-dB cutoff with HTLs from the high frequencies
(3-8 kHz)), and reported that 90.9% showed hearing loss. This find-
ing closely aligns with the prevalence showed in our study.
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Table 4. Logistic regression model for hearing loss at low and high frequencies.

Low frequencies
PT4 (0.5, 1, 2, and 3 kHz)

High frequency
PTA (4, 6, and 8 kHz)

OR (95% C.I.) p OR (95% C.1.) p

Age 1.14 (1.06-1.22) <.001 1.26 (1.13-1.42) <.001
Sex (ref. Female)

Male 3.29 (2.05-5.29) <.001 5.48 (2.06-14.58) .001
Nativity (ref. Mexico )

US born 1.38 (0.86-2.19) 179 1.92 (0.96-3.85) .064

Other 0.70 (0.32—1.55) 376 1.11 (0.39-3.20) .846
Income (ref: <$1000) -

$1000-$1999 0.96 (0.58-1.58) .863

=$2000 0.47 (0.26-0.86) .014
Smoking (ref. never smoking) -

Former smoking 1.36 (0.87-2.12) 181

Current smoking 245 (1.11-5.41) .026
Diabetes (ref. No)

Yes 1.42 (0.94-2.14) .096 2.20 (1.09-4.45) .028
Occupational exposure® (ref. No)

Yes 1.43 (0.94-2.18) .094 2.29 (1.17-4.51) .016

PTA: Pure-tone average. “Loud noise, pesticides, lead, cadmium, solvents, Other heavy metal.

The study found exposures to ototoxic hazards, specifically noise
and ototoxic chemicals at work, demonstrated a positive relation-
ship to Latino American older adults’ hearing loss (i.e. people with
lifelong exposure to occupational ototoxic hazards were more likely
to have hearing loss at high frequencies (4-8 kHz)). This finding is
more or less consistent with earlier studies (Lee et al, 2005; Fransen
etal, 2008; Lin et al, 2011). A European population-based multicenter
study demonstrated a significant association between noise exposure
(for more than one year) and hearing loss at frequencies of 1 kHz and
above (Fransen et al, 2008). The NHANES study found a significant
relationship between leisure exposure (not occupational exposure)
and high-frequency hearing loss in the multivariate analysis (Lin et al,
2011). A longitudinal study conducted by Lee et al (2005) with older
adults aged 6081 years revealed an interesting result, a combination
of significant effect of noise exposure history on the initial HTLs and
no effect on the rate of longitudinal changes in HTLs. They found
older adults with a positive history of noise exposure showed signifi-
cantly higher HTLs at frequencies of 2 kHz and above, compared to
those with no history of noise exposure. When Lee et al (2005) analy-
sed longitudinal hearing data collected for 3—11.5 years however, they
did not find significant differences in the longitudinal rates of HTL
changes after baseline at any of the tested frequencies between the
participants with and without the history of noise exposure.

Several studies have reported that occupational noise history was not
significantly related to hearing loss among older adults (Albera et al,
2010; Cruickshanks et al, 2010). For example, the Beaver Dam Study
(Cruickshanks et al, 2010) with over 3700 participants ages 48-92 years
old found that noise exposure was not significantly correlated with the
10-year cumulative incidence of hearing loss (defined as greater than
25 dB HL in either 0.5, 1, 2, & 4 kHz). Since this study examined inci-
dence (not prevalence) of hearing loss, as the authors noted, the effects
of noise exposure may have already been manifested in the baseline
hearing thresholds among the elderly study participants (Cruickshanks
etal, 2010). Albera et al (2010) examined the effects of noise exposure
with 568 subjects affected by noise-induced hearing loss who had been
exposed to noise for at least 10 years and reported that hearing loss was
more likely related to aging than to noise exposure.

One unique aspect of the current study is that otototoxic chemical
exposure history was included in ‘occupational exposure.” This might
have contributed to the strong association between occupational expo-
sure and hearing loss. Recognizing the risk of occupational chemical
exposure on hearing is timely. Both the European noise legislation
(2003/10 EC noise) (European Union, 2003) and the U.S. Army Hear-
ing Conservation guidelines (U.S. Army, 2003) have included ototoxic
chemical exposure as a risk factor to be considered in risk assessment
and prevention strategies for individuals’ hearing who are exposed to
such chemicals. The American College of Occupational and Environ-
mental Medicine (ACOEM) guidance statement also states that expo-
sure to ototoxicants should be considered when health professionals
evaluate sensorineural hearing loss (Kirchner et al, 2012). The Amer-
ican Conference of Governmental Industrial Hygienists (ACGIH)
stated in its Threshold Limited Values® and Biological Exposure Indi-
ces® publications that periodic audiograms are advised and should be
carefully reviewed in occupational settings where exposure to toluene,
lead, manganese, or n-butyl alcohol occurs (ACGIH, 2014). Health
professionals should pay attention to possible additive or synergistic
effects of ototoxic chemical exposure in the audiometric test data for
populations who are exposed to both noise and ototoxicants.

The present study also found several other factors (e.g. age, sex,
type 2 diabetes) that were significantly associated with hearing loss.
Consistent with findings from earlier studies (Davanipour et al, 2000;
Torre et al, 2006; Bainbridge et al, 2008; Lin et al, 2011), this study
found that age and sex were significant risk factors for hearing loss.
An increase in age was significantly associated with hearing loss at
both low and high frequencies. Male sex had significantly higher odds
of hearing loss at both low and high frequencies. These corroborate
with reports from earlier studies (Helzner et al, 2005; Lee et al, 2005;
Lin et al, 2011). In addition to sex-specific pathophysiologic mecha-
nisms, occupational exposure has been considered as an attributed
factor to sex differences in hearing loss (Helzner et al, 2005). Males
tend to have jobs with higher exposure to loud noise and thus more
hearing loss during their active working years. However, we found
sex differences (greater hearing loss in men) even after controlling
for occupational exposures in the multivariate analysis.



Among the medical covariates (e.g. cigarette smoking, use of
ototoxic medication, type 2 diabetes, hypertension) considered in
this study, diabetes was the only factor significantly associated with
hearing loss at high frequencies. The association between diabetes
and risk of hearing loss corroborates with many previous findings
(Helzner et al, 2005; Ologe & Okoro, 2005; Vaughan et al, 2006;
Sakuta et al, 2007; Bainbridge et al, 2008; Agrawal et al, 2009). A
number of plausible physiological mechanisms have been proposed
to explain the link between diabetes and hearing loss. These include
vascular and neurological etiologies including central nervous sys-
tem effects of diabetes, mitochondrial abnormalities, and genetic
causes (Sataloff & Sataloff, 2006). It is also noted that diabetes
may be an independent risk factor for hearing loss, because hyper-
glycemia may damage the cochlea both anatomically and physi-
ologically (Vaughan et al, 2006; Bainbridge et al, 2008; Agrawal
et al, 2009).

Presbycusis has always been considered an inevitable part of the
aging process, but more and more research suggests that it is not a
simple age-related health problem (Campo et al 2013, Helzner et al,
2005; Pyykkd et al, 2007; Fransen et al, 2008). It can be worse or better,
depending on various factors including non-modifiable characteristics
(e.g. age, sex, race), other medical conditions (e.g. diabetes, hyperten-
sion), lifestyle factors (e.g. smoking, alcohol use, nutrition), and envi-
ronmental and occupational exposures (e.g. noise, ototoxic chemicals)
(Helzner et al, 2005; Pyykko et al, 2007; Fransen et al, 2008).

The present study’s findings suggest relationships between life-
long occupational exposures and hearing loss. Hearing loss due to
loud noise exposure remains a major public health problem and cre-
ates enormous economic burden and human suffering. Occupational
noise exposure has long been recognized globally as one of the most
prevalent causes of adult onset hearing loss (Nelson et al, 2005).
However, ototoxicants have been a lesser-known risk to hearing. It is
only in recent decades that investigators have drawn attention to the
ototoxicity of chemicals in occupational settings and their interaction
with noise. Interventions are needed to improve our understanding of
the combined hazards of noise and ototoxic chemicals, as well as to
improve and maintain the environmental and behavioral influences
that can protect hearing health.

The study findings have implications for occupational health, pri-
mary care, and public health. An occupational health approach would
be to identify effective occupational hearing conservation programs
and disseminate them broadly to all workers throughout the lifespan.
A primary care approach would be to establish a standardized hear-
ing assessment for adults and to develop intervention protocols for
those exposed to noise and/or ototoxic chemicals. A public health
approach would involve work and community environmental sur-
veillance on noise or chemical pollutants. For example, The City
of San Francisco’s Noise Enforcement Program run by the city’s
Department of Public Health conducts environmental noise expo-
sure assessments and maintains the city’s background noise map for
the residents and educates them to reduce and prevent a variety of
health problems associated with noise exposure, including hearing
loss (http://www.sfdph.org/dph/EH/Noise/default.asp) (San Fran-
cisco Department of Public Health, 2014). Innovative methods such
as use of personal or environmental health sensors and geographic
information systems could identify populations at risk. Public health
campaigns could be developed to educate the public on the com-
bined effects of noise and chemicals on hearing loss and prevention
strategies. Also, it is important to assess the history of occupational
and non-occupational exposures to these ototoxic agents in order to
improve hearing health in the public.
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This study has several strengths. First, it is one of the first studies
to examine the relationship between lifelong occupational exposures
and hearing loss among elderly Latino Americans. Furthermore, this
study considered exposure to ototoxicants as a potential risk factor of
hearing loss by including it in the variable of ‘occupational exposure’.
Finally, this study performed the gold standard measurement of hear-
ing status using pure-tone audiometry and the use of extensive self-
report survey data from a large sample of elderly Latino Americans.

There are several limitations to this study using secondary analy-
sis of existing data. It is a cross-sectional study, therefore conclu-
sions cannot be made about causal relationships between hearing
loss and the identified risk factors such as lifelong occupational
exposure. While we included nine common types of exposures under
the question of occupational exposures, this single question with
dichotomous (yes/no) response data on exposures does not allow
conclusions about dose-response relationships. The wording ‘main
job’ may have caused confusion when participants were faced with a
lifetime review of their various jobs. There were no data on military
and non-occupational exposure including noisy hobbies and expo-
sures at home, therefore total exposures were likely under-reported.
Because the survey relied upon self-report of lifetime exposure, there
may have been a recall bias among these older adults, resulting in
either the direction of under-reporting or over-reporting exposures.
Furthermore, we did not assess levels of noise, the duration of expo-
sure, and the type of noise (impulse noise or steady noise). While
systematic surveillance of work environment or personal exposure
monitoring are ideal measures to assess occupational exposure, self-
report is the only practically possible measure for epidemiological
study with a non-working older adult population.

In conclusion, we found that lifelong occupational exposure to
ototoxic hazards (loud noise and ototoxicants), after controlling for
aging effect, was significantly associated with hearing loss among
elderly Latino Americans. Healthy work life, through protection from
the harmful auditory effects of occupational exposures to noise and
chemicals, will have a positive impact on better hearing in later life.

Acknowledgements

The authors gratefully acknowledge Dr. Mary Haan who shared the
subset of the SALSA data for this study. Part of this work was
presented at the 39th Annual National Hearing Conservation Confer-
ence, March 13-15, 2014, Las Vegas, Nevada, USA. This research
was partially funded by the National Institute of Aging (Grant
number: AG12975), National Institute for Diabetes, Digestive and
Kidney Diseases (Grant number: DK60753), and National Institute
of Nursing Research and National Center for Minority Health and
Health Disparities (P20-NR08367).

Declaration of interest: The authors report no conflicts of interest.
The authors are solely responsible for the content and writing of the
paper. The content does not necessarily represent the official views
of the funding agencies.

References

Agrawal Y., Platz E.A. & Niparko J.K. 2009. Risk factors for hearing loss
in US adults: Data from the National Health and Nutrition Examination
Survey, 1999 to 2002. Otol Neurotol, 30, 139—145.

Aguirre International. 2005. The California Farm Labor Force Overview and
Trends from the National Agricultural Workers Survey. Burlingame,
California, USA: Aguirre International.



S64 O. Hong et al.

Albera R., Lacilla M., Piumetto E. & Canale A. 2010. Noise-induced
hearing loss evolution: Influence of age and exposure to noise. Eur Arch
Otorhinolaryngol, 267, 665-671.

American Conference of Governmental Industrial Hygienists (ACGIH).
2014. Threshold Limit Values and Biological Exposure Indices, 7th Edn.
Cincinnati, USA: ACGIH.

American National Standards Institute (ANSI). 1996. American National
Standard: Specification for Audiometers. ANSI, S3.6-1996. New York:
American National Standards Institute

Bainbridge K.E., Hoffman H.J. & Cowie C.C. 2008. Diabetes and
hearing impairment in the United States: Audiometric evidence from
the National Health and Nutrition Examination Survey, 1999 to 2004.
Ann Intern Med, 149, 1-10.

Bielefeld E.C., Tanaka C., Chen G. D. & Henderson D. 2010. Age-related
hearing loss: Is it a preventable condition? Hearing Research, 264(1-2),
98-107.

Campo P, Morata T. & Hong O. 2013. Chemical exposure and hearing loss.
Disease-in-a-Month, 59(4), 119—138.

Center for Construction Research and Training. 2013. The Construction
Chart Book: The U.S. Construction Industry and Its Workers. Silver
Spring, USA: The Center for Construction Research and Training.

Cruickshanks K.J., Nondahl D.M., Tweed T.S., Wiley T.L., Klein B.E. et al.
2010. Education, occupation, noise exposure history and the 10-year
cumulative incidence of hearing impairment in older adults. Hear Res,
264, 3-9.

Davanipour Z., Lu N.M., Lichtenstein M. & Markides K.S. 2000. Hearing
problems in Mexican American elderly. Am J Ortol, 21, 168—-172.

European Agency for Safety and Health at Work. 2009. European risk obser-
vatory literature review.: The occupational safety and health of cleaning
workers. Luxembourg: European Agency for Safety and Health at Work.

European Union. 2003. Directive 2003/10/EC of the European Paraliament
and of the Council The minimum health and safety requirements regard-
ing the exposure of workers to the risks arising from physical agents
(noise). Official Journal of the European Union, 15.2.2003, L42/38-44.

Fransen E., Topsakal V., Hendrickx J.J., Van Laer L., Huyghe J.R. et al.
2008. Occupational noise, smoking, and a high body mass index are risk
factors for age-related hearing impairment, and moderate alcohol con-
sumption is protective: A European population-based multicenter study.
J Assoc Res Otolaryngol, 9, 264-276; discussion 261-263.

Haan M.N., Mungas D.M., Gonzalez H.M., Ortiz T.A., Acharya A. et al.
2003. Prevalence of dementia in older Latinos: The influence of type
2 diabetes mellitus, stroke, and genetic factors. J Am Geriatr Soc, 51,
169-177.

Helzner E.P, Cauley J.A., Pratt S.R., Wisniewski S.R., Zmuda J.M. et al.
2005. Race and sex differences in age-related hearing loss: the Health,
Aging and Body Composition Study. J Am Geriatr Soc, 53,2119-2127.

Hong O., Haan M.N. & Moore K. 2009. Prevalence of hearing loss in
older Mexican Americans in Sacramento area. Hispanic Health Care
International, 7, 88-94.

Johnson A.C. & Morata T.C. 2010. The Nordic Expert Group for Criteria Doc-
umentation of Health Risks from Chemicals. 142. Occupational exposure
to chemicals and hearing impairment. Arbete och Hdlsa, 44, 1-177.

Kirchner D.B., Evenson E., Dobie R.A., Rabinowitz P., Crawford J. et al.
2012. Occupational noise-induced hearing loss: ACOEM Task Force on
Occupational Hearing Loss. J Occup Environ Med, 54, 106—108.

Kujawa S.G. & Liberman M.C. 2009. Adding insult to injury: Cochlear nerve
degeneration after “temporary” noise-induced hearing loss. J Neurosci,
29, 14077-14085.

Lee E.S., Matthews L.J., Dubno J.R. & Mills J.H. 2005. Longitudinal study of
pure-tone thresholds in older persons. Ear Hear, 26, 1-11.

Lin FR., Thorpe R., Gordon-Salant S. & Ferrucci L. 2011. Hearing loss
prevalence and risk factors among older adults in the United States.
J Gerontol A Biol Sci Med Sci, 66, 582-590.

Mathers C. Smith A. & Concha M. 2000. Global burden of hearing loss
in the years 2000. from http://www.who.int/healthinfo/statistics/bod_
hearingloss.pdf

National Institute for Occupational Safety and Health. 1996. National
Occupational Research Agenda. Washington, USA: U.S. Department of
Health & Human Services, Public Health Service, Center for Disease
Control and Prevention.

National Institute on Deafness and Other Communication Disorders.
2011. Strategic plan 2006-2008, from http:/www.nidcd.nih.gov/
StaticResources/about/plans/strategic/strategic06-08.pdf

Nelson D.I., Nelson R.Y., Concha-Barrientos M. & Fingerhut M. 2005. The
global burden of occupational noise-induced hearing loss. Am J Ind Med,
48, 446-458.

Ologe FE. & Okoro E.O. 2005. Type 2 diabetes and hearing loss in black
Africans. Diabet Med, 22, 664—665.

Pyykko 1., Toppila E., Zou J. & Kentala E. 2007. Individual susceptibility to
noise-induced hearing loss. Audiological Medicine, 5.

Sakuta H., Suzuki T., Yasuda H. & Ito T. 2007. Type 2 diabetes and hearing
loss in personnel of the Self-Defense Forces. Diabetes Res Clin Pract,
75, 229-234.

San Francisco Department of Public Health. 2014. Environmental Health:
Noise Enforcement Program, from http://www.sfdph.org/dph/EH/Noise/
default.asp.

Sataloff J. & Sataloff R.T. 2006. Occupational Hearing Loss. Boca Raton,
USA: CRC Taylor & Francis.

Schenker M.B. 2010. A global perspective of migration and occupational
health. Am J Ind Med, 53, 329-337.

Torre P, Moyer C.J. & Haro N.R. 2006. The accuracy of self-reported
hearing loss in older Latino-American adults. Int J Audiol, 45,
559-562.

U.S. Army. 2003. Occupational ototoxins (ear poisons) and hearing loss.
Fact sheet 51-002-0903. Aberdeen, USA: U.S. Army Center for Health
Promotion and Preventive Medicine, from http://www.nmcphc.med.
navy.mil/downloads/occmed/toolbox/occupationalototoxinfactsheet-
chppm.pdf.

U.S. Bureau of Labor Statistics. 2014. Employed persons by detailed occupa-
tion, sex, race, and Hispanic or Latino ethnicity, from http://www.bls.
gov/cps/cpsaat] 1.htm

U.S. Census Bureau. 2011. The Hispanic Population: 2010. 2010 Census
briefs. Washington, USA: U.S. Census Bureau.

U.S. Department of Labor, Office of the Assistant Secretary for Policy &
Office of Programmatic Policy. 2005. Findings from the National
Agricultural Workers Survey (NAWS) 2001-2002: A Demographic and
Employment Profile of United States Farm Workers. Research Report
No. 9.

Vaughan N., James K., McDermott D., Griest S. & Fausti S. 2006. A 5-year
prospective study of diabetes and hearing loss in a veteran population.
Otol Neurotol, 27, 37-43.

Weeks J.L. 2011. Health and safety hazards in the construction industry.
Geneva: International Labor Organization.

Xiao H., McCurdy S.A., Stoecklin-Marois M.T., Li C.S. & Schenker M.B.
2013. Agricultural work and chronic musculoskeletal pain among Latino
farm workers: the MICASA study. Am J Ind Med, 56, 216-225.



