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Distribution of risk factors for hearing loss: Implications for
evaluating risk of occupational noise-induced hearing loss
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This paper presents an analysis of hearing threshold levels among 2066 white male workers
employed in various U.S. industries studied in the 1968—72 NIOSH Occupational Noise and
Hearing SurveyONHS). The distribution of hearing threshold levédTL) is examined in relation

to various risk factorgage, prior occupational noise, medical conditjofts hearing loss among a
population of noise exposed and contflow noise-exposgdndustrial workers. Previous analyses

of a subset of these data from the ONHS focused on 1172 highly “screened” workers. An additional
894 male workerg609 noise-exposed and 285 contjplwho were excluded for various reasons
(i.e., nonoccupational noise exposure, otologic or medical conditions affecting hearing, prior
occupational noise exposyieave been added to examine hearing loss in an unscreened population.
Data are analyzed by age, duration of exposure, and sound (&¥elTWA) by individual test
frequency. Results indicate that hearing threshold levels are higher among unscreened
noise-exposed and control workers relative to screened workers. Analysis of risk factors such as
nonoccupational noise exposure, medical conditions, and type of industry among unscreened
controls indicated that these factors were not significantly associated with increased mean HTLs or
risk of material impairment over and above what is expected due to age. Age-specific mean hearing
threshold levels(and percentiles of the distributipramong the unscreened ONHS control
population may be used as a comparison population of low-noise exposed white male industrial
workers for evaluating the effectiveness of hearing conservation programs for workers less than 55
years of age. To make valid inferences regarding occupational noise-induced hearing loss, it is
important to use hearing data from referefwentro) populations that are similar with respect to the
degree of subject screening, type of work fotbkie vs white collar, and the distribution of other

risk factors for hearing loss. [DOI: 10.1121/1.1494993

PACS numbers: 43.50.Qp, 43.64.\WMRS]

I. INTRODUCTION (Weekset al, 1991). The high prevalence of occupational

Current U.S. noise regulations require that employers if] 0!S¢ exposure and the fact that long-term NIHL is a pre-

the manufacturing and mining industries of the U.S enrollventable condition provides researchers and public health of-
employees exposed to daily average exposures of 85 dBA 3 ials a unique opportunity to develop and test interventions

more in a hearing conservation program and to occasionall at may prevent _NIHL for _mﬂhqns OT |nd|V|du_aIs. -
monitor their noise level§OSHA, 1983: MSHA, 1999 Carefully designed epidemiological studies examining

These noise regulations do not cover noise-exposed workef€ refationship of contemporary workplace noise exposure
in small businessefless than 100 workerr in industries @nd the distribution of noise-induced hearing loss among
such as construction, agriculture, transportation, and publigdult U.S. worker populations have not been conducted re-

utilities, where excessive noise exposure and hearing loss fEntly. Moreover, representative U.S. national data on the
likely to be prevalen{NIOSH, 1988a, b, 1990 burden of hearing loss from occupational noise relative to

The burden of hearing loss due to occupational noisedther risk factors for hearing loss are either not available
and perhaps other risk factors, is likely to be greatly under{Ries, 1994 or are limited to particular states or sectors of
estimated, due to the lack of a systematic national healtindustry (Reilly et al, 1998. Such large-scale data collec-
surveillance system to collect statistics on hearing loss antion efforts tend to be expensive, and when conducted, often
occupational noise exposure. Hence, relatively imprecise e©Mmit important occupational informatiofsuch as job title,
timates exist of the number of noise-exposed workers and theoise exposure level, number of years employed in noisy
prevalence of occupational noise-induced hearing losipbs) that can be linked to audiometric testing data. Another
(NIHL) in the U.S. workforce. It has been estimated thatlimiting factor in evaluating occupational hearing loss in re-
about 9 million U.S. workers are occupationally exposed tdation to noise and other risk factors is the greater availability
noise levels exceeding or equal to 85 dBA on a daily basi®f hearing protection devicg$iPD) in most manufacturing
(Simpson and Bruce, 1981with more than half of these settings in the U.S(Davis and Sieber, 1998; Royster and
workers engaged in manufacturing and utility. Approxi- Royster, 1984 Therefore, utilizing existing data is an eco-
mately 1 million workers are estimated to suffer from work- nomical way to gather information needed for planning fu-
related hearing loss, primarily from manufacturing industriesture studies and evaluating the impact of changes in expo-
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TABLE I. Distribution of study subjects by industry group.

Total
population Exposed Controls
(N=2066) (N=1401) (N=665)
Industry type No. % No. % No. %

Printing 906 43.9 603 43.0 303 45.6
Steel fabrication 355 17.2 160 114 195 29.3
Woodworking 270 13.1 211 151 59 8.9
Tunnel patrol 171 8.3 146 10.4 25 3.8
Paper bag mfg. 103 5.0 82 5.9 21 3.2
Aluminum fabrication 123 6.0 105 7.5 18 2.7
and processing
Quarry 69 3.3 63 4.5 6 0.9
Hydroelectric 38 1.8 0 0.0 38 5.7
Trucking 31 15 31 2.2 0 0.0

sure, hearing protection use, and other hearing loss risk. Study population
factors in the population.

This paper analyzes one of the key studies of U.S. work
ers from several industries conducted by the National Insti
tute for Occupational Safety and HealtNIOSH; formerly
Bureau of Occupational Safety and Healturing 1968—
1972. This study remains historically and scientifically re
evant becausél) a subset of the dat&l172 “screened”
white male populationwere analyzed to form the basis of
the current Occupational Safety and Health Administratio
(OSHA) noise standardNIOSH, 1972; Lempert and Hend-

erson, 1§73; Pnncet. ﬁl" 19? and(zr)] I IS Oni . tr?elcjelw | on walk-through noise surveysAmong the 13 plants subse-
_?)\;{/sAtlng . ata} setls W'F kraflw atadon eannrg];_t resdo_ deve %quently selected for this study, 9 different industrial groups
noise levels, risk factor, demographic, and industry, g represented in the survey. For plants having less than 500

type. :
.. employees, the entire work force was tested. In larger plants,
Data from the larger NIOSH ONHS. study, which in- a random sample of employees were selected. Employees
cludes workers excluded from the original analyses, haV‘f"rom each plant who worked in offices or other quiet areas

never b_e(_en extensively evaluat_ed or publlshe_d elseWhe”&?vere also included in the survey as a comparison or control
Generalizing results from the prior risk analysis to an un-

d lati low inf 0 be d ¢ ?roup. Among the 2066 workers selected for noise monitor-
screened popuiation may aflow interences to be drawn 1o ng, 61% of the study subjects worked in printing and steel
working populations that are more representative of worker

Yabrication(Table ).
enrolled in industrial hearing conservation programs. The ( )

main objectives of the analysis are to examine risk profiles of )

the unscreened population to the highly subgroup screenegt Data collection procedures

group and to describe the characteristics of low noisey ppojse characterization

exposed populations for use as comparative data in analysis Prelimi ; h ol ided inf )

of contemporary hearing data from noise-exposed industrial refiminary Surveys ot each p ant provi jed in ormation
workers. In this paper, the “screened” population will refer needed to develop a sampling strategy. Noise level surveys
to the original 1172 workers analyzed previouglylOSH were conducted to assess daily noise exposures of workers.
1972 Princeet al, 1997, while those excluded from anally— The following items were obtained for each plant: location
sis are referred to as the “excluded” populatioN £ 894). and type of ope'ration or work performed, general noise char-
The total population of workers examined in this analysis,aCte”St'CS(e'g" !m_pulswe, stea_dy state, low fre_que)_)ctpm-_
formed by pooling the screened and excluded ONHS supPoral characteristicée.g., continuous, fluctuating, intermit-

populations, is referred to as the “unscreened” population. Ee_ni), "f‘,nd overall noise levels using the A" “C,” and
linear” scales of the sound-level meter. Tape-recorded

noise samples were played through octave band and third-
octave band real-time analyzers for the band with center fre-
Il. METHODS quencies of 31.5, 63, 125, 250, 500, 1000, 2000, 4000, and
8000 Hz. Recorded tapes were played through an octave
A comprehensive description of this study was previ-band filter set through a third-octave band, real-time ana-
ously published in an NIOSH technical repftempert and  lyzer.
Henderson, 1973 Pertinent study methods provided from Sequential sampling of field measurements of dBA lev-
that report are summarized below. els at intervals of 15 seconds throughout the sample period

The study population was drawn from volunteer compa-
nies responding to publicized announcements of the study
from industrial hygiene conferences and Public Health Ser-
vice distributions of the procedures and goals of the Occu-

pational Noise and Hearing Survé@®NHS). All plants re-
I'questing noise and hearing evaluations were considered for
the study if the following criteria were meg{l) factory or
occupational noise conditions were relevant to development
"of a noise standard for general indust(g) the work force
represented a wide range of years of exposure to ribased

558  J. Acoust. Soc. Am., Vol. 112, No. 2, August 2002 Mary M. Prince: Distribution of hearing loss risk factors



of 10 min were developed for areas where sound level$3) Nonoccupational noise exposure, including civilian fire-
showed evidence of random variations with time. The Bruel —arm use(number of rounds/year, with and without hear-
and Kjaer(B&K) type 4420 distribution analyzer, in con- ing protection, motorbike riding, mechanized farming,
junction with the type 2305 level recorder, was used to ob-  piloting an airplane, machine workshop activity, sport or
tain the probability distribution of sound levels over selected  drag car racing, and noisy hobbiésg., rock music
time intervals. Tape recordings were taken in the field to(4) Medical history that included whether they ever had ex-
permit analysis in the laboratory. If impact sounds were  perienced severe head trauma, chronic ear infection, he-
present, measurements of peak-pressure levels were made reditary deafness, Meniere’'s disease, use of ototoxic
using the B&K 2204S impact meter. If the impacts occurred  drugs, ear surgery, concurrent severe head colds, or tin-
so rapidly as to blend together, then the noise was regarded nitus at the time of audiometric testing.
as being essentially continuous.

To determine daily noise exposure patterns for a worker ) o
or worker group, workmen and supervisors were inter-3- Exclusion criteria
viewed. In many cases, time-study charts were prepared, seg- Given the study’s primary aim to establish a valid statis-
menting the workday into a succession of exposures at speical relationship between occupational noise exposure and
cific noise levels and for specified durations. Discussionsearing loss that would be applicable to general industry,
with both management and workers were necessary to detekOSH investigators excluded data from the analysis sample
mine changes in workers’ noise exposures over the course ff (1) workers’ noise exposure histories or validity of audio-
many years. Consideration was given to variations in occumetric data were uncertain, ar{@d observed hearing loss
pational noise conditions due to machinery replacement omay have been caused by factors other than occupational
relocation and also to changes in work routine and locatiomoise.
of workers. No mass use of hearing protection devices was Based on an evaluation of questionnaire data, audiomet-

observed in the companies survey@dinceet al, 1997. ric test results, and otoscopic examinations, “screened
sample” was constructed using the following exclusion cri-
teria:

2. Audiometric and risk factor evaluation (1) Previous job history involving 2 or more years occupa-

tional noise exposure;
) Military history showing: (&) 100 days or more of
weapons-type noiséb) 1 or more years of actual com-
bat experience; and/dic) 2 or more years of routine
daily exposure to nonweapon-type noigeg., aircraft
engines, armored vehicles
Nonoccupational noise exposure, including civilian fire-
arm use(1000 rounds/year for 1 or more years or 500
rounds/year for 5 or more years with no hearing protec-

All audiometric tests were done in a Rudmose Audio-
metric Travel Lab model RA-113. This audiometric van
housed an acoustically isolated, sound-deadened chamber in
which six persons could be tested simultaneously. Audiomet-
ric equipment consisted of a Rudmose RA-108 pure-tone
six-person air-conduction audiometer that produced test
tones at frequencies 0.5, 1, 2, 3, 4, and 6 kHz, presented fir&®)
to the left ear and then to the right ear of each subject. Stan-
dard procedures for audiometer calibration and hearing tests ' h ‘ ) !
were implemented as described by Lempert and Henderson 10N Us8, and any noisy hobbies previously listed above
(1973. Ambient noise levels in the testing booths were I Participation was at least 3 times per week for 1 or
within the limits specified in the ANSI S$3.1-196R1971) more years. _ B ,
standard ANSI, 1960. (4) History of any of the medical conditions or ototoxic

Each noise-exposed worker was tested before the begin- drugs that could affect hearing. , ,
ning of this work shift to minimize temporary hearing thresh- 5) Otoscopic examination indicating congenital or acquired
old shifts from exposure to noise at the worksite immediately ~ ©&r malformations, almost total occlusion of ear canal by
before the test. Test scheduling usually required subjects to  C€rum, perforated or severely scarred tympanic mem-
arrive 30—75 min early; otoscopic examinations and admin- _ Prane or otitis media.
istration of an questionnaire were also done at the time off) Audiometric iregularities such ds) suspected conduc-
testing. Non-noise-exposed workers were tested at any time Ve 10SS in one or both earg) large unilateral hearing
during the work shift, since their pretest noise exposures |0SS€s(€.g., loss in one ear is 40 dB greater than the
were not considered significant enough to produce a tempo- Other ear at two or more test frequengjeand (c) sus-
rary threshold shift. A questionnaire administered at the time ~ Pectéd subject response to tinnitus rather than tone pre-
of the hearing test collected information on other factors that_ Sentation. L _
might affect hearing loss risk, noise exposure, and interpre S!gr!|f|cant pr.etest n0|'se(5|gn|f|cant noise exposure
tation of audiometric test results such as within 14 h prior to testing

(1) Previous job history of noise exposure—number of years ~ Approximately 1287(35%) of the total 3699 workers
worked in noisy environments. were excluded because they met one or more of the above

(2) Military history, including amount of time spent using a criteria. No more than three exclusions per worker were as-
weapon, in actual combat experience, and in routinesigned. These exclusion procedures produced a sample of
daily exposure to nonweapon-type noigeg., aircraft 2412 used to estimate the impact of industrial noise expo-
engines, armored vehicles sures on the occupational groups included in the individual
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TABLE II. Exclusion criteria by exposure group.

Total population Exposed Controls
. e (N=894) (N=609) (N=285)
Exclusion criteria
categories Number Percent Number Percent Number Percent

Noise exposure history 574 64.2 395 64.9 179 62.8
Previous job noise 358 40.0 252 41.4 106 37.2
Pre-test noise 21 24 19 3.1 2 0.7
Military Noise 134 15.0 85 14.0 49 17.2
- weapons 112 125 72 11.8 40 14.0
- non-weapon 22 2.5 13 2.1 9 3.2
Leisure activity noise 61 6.8 39 6.4 22 7.7
- weapons 30 3.4 17 2.8 13 4.5
- nonweapon 31 35 22 3.6 9 3.2
Medical history 91 10.2 58 9.5 33 11.6
Otologic abnormality 67 7.5 39 6.4 28 9.8
Multiple causes 162 18.1 117 19.2 45 15.8

aStatistically significant difference between exposed and control groups for pretest noise emésm&DS,
p=0.03.

plant surveys. Additional exclusion criteria were applied tounscreened ONHS control populations were examined using
the remaining workersN=2412) to produce a “composite a least-squares regression approdEhvaper and Smith,
ONHS population” that could “accurately determine the risk 1966, where linear and quadratisecond-order effectsof
to hearing as a function of noise levedllempert and Hend- age were tested.
erson, 1978 In particular, data were excluded for workers The effects of age and other risk factqrsonoccupa-
with insufficient noise exposure data or noise consisting ofional exposure, previous job noise exposure, medical condi-
discrete impact sounds or noise with highly variable and untions, military servicg on risk of material hearing impair-
predictable levels. All maintenance workers were excludednent [binaural pure tone averagéBTA) of >25 dB for
because of exposure uncertainty. Women were excluded ddeequency averages of 1-4 kHz, 0.5-2 kHz, and 3, 4, and 6
to inadequate sample size for drawing conclusions concerrkHz; denoted as PTA-1234, PTA-512, PTA-346nong con-
ing the relationship between noise level and hearing lostrols are examined using logistic regression methods
(Lempert and Henderson, 1973 his remaining population (Breslow and Day, 1980 Statistical analyses were con-
was comprised of 1172 predominately white male workersducted using SASSAS Institute, Inc., 1989and graphical
whose data have been previously analyztiOSH, 1972;  displays of the data were produced us#gLus (MathSoft,
Princeet al, 1997. 1997).

Based on a reconstruction of these exclusion criteria, the
2066 workers analyzed for this paper represent predomiHl. RESULTS
nately white male workers with well-defined noise exposure . -
data but whom have not been screened for conditions relate%f General population characteristics
to hearing loss commonly found in the general population of ~ Table Il shows the number of workers who failed the
workers. criteria for each categorgexpressed as percentage of tptal

or who failed at least one of the criteria. No statistically
significant differences between exposed and controls were
Demographidage, industry type, duration employed or observed for most criteria except pretest noise exposure. The
exposedl noise exposuré8-h TWA sound levels and hear-  proportion of noise-exposed workers with pretest noise ex-
ing health characteristicenean and median HTLs, percent posure was higher than the proportion in cont{@sl% vs
impairmenj of the unscreened ONHS population are pre-0.7%, (X§=4.95, p=0.03]. However, examination of the
sented, as well as a breakdown of the population by exposumean and distribution of HTLs by frequency and ear do not
(control versus noise-exposednd screening statui.e.,  show large differences<5 dB HL) between the exposed and
whether the subset of the unscreened population represerdsntrols workers initially excluded due to previous noise ex-
the 1172 screened or the 894 excluded workésalysis of  posure.
the distribution of mean and median HTLs by age among the  General population characteristics are presented for the
low noise-exposed “control” group for this population was screened =1172), excluded N=894), and unscreened
conducted for purposes of comparison to the ANSI S3.449NHS population N=2088) in Table Ill. The mean age of
(ANSI S3.44, 199pand ISO 19991S0, 1990 standards as the ONHS population is about 40 years. The mean age in
well as other published reports of hearing levels among inscreened controls was significantly lower than the mean age
dustrial workers(Bergeret al., 1977; Driscoll and Royster, in the excluded control group. Among the screened popula-
1984; Royster and Thomas, 1979; Roysteal, 1980 and  tion, the control group had a higher proportion of workers
nonindustrial populationgMorrell et al, 1996. Predicted under age 29 than the exposed group. Given the selection
mean HTL by age and frequency among the screened antfiteria described for the study, the population represents a

C. Analysis of the unscreened ONHS data
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TABLE Ill. Population characteristics by exposure status.

Total Total
unscreened unscreened Screened Excluded
exposed control
population population Controls Exposed Controls Exposed

Variable (N=1401) (N=665) (N=380) (N=792) (N=285) (N=609)
Age # % # % # % # % # % # %
<29 254 18.1 165 24.8 114 30.0 150 18.9 51 17.9 104 17.1
29-35 256 18.3 128 19.3 86 22.6 170 215 42 14.7 86 14.1
35-43 315 22.5 131 9.7 68 17.9 171 21.6 63 221 144 23.7
44-50 262 18.7 111 16.7 49 12.9 124 15.7 62 21.8 138 22.7
50+ 314 22.4 130 19.6 63 16.6 177 22.3 67 23.5 137 22.5
Meants.d. 40.5-11.6 38.8:11.9 37.0:11.9 39.9-11.8 41.2611.6 41.3:11.2
- Range 13-71 17-69 17-65 18-71 18-67 13-67
- 10th, 90th percentiles (25, 56 (24, 56 (23, 55.5 (25, 59 (25, 59 (24, 55
Duration exposet # % # % # % # % # % # %
<1 56 4.0 41 6.2 25 6.6 17 2.1 16 5.6 39 6.4
1-2 86 6.1 61 9.2 34 8.9 46 5.8 27 9.5 40 6.6
2-4 210 15.0 168 25.3 99 26.1 109 13.8 69 24.2 101 16.6
5-10 390 27.8 140 21.0 76 20.0 215 27.1 64 22.5 175 28.7
11-20 373 26.6 153 23.0 91 23.9 209 26.4 62 21.7 164 26.9
21+ 286 20.4 102 15.3 55 14.5 196 24.8 47 16.5 90 14.8
Meants.d. 12.3:9.7 9.9-9.3 9.9t9.3 13.6:10.4 9.9-9.4 10.6:8.6
- Range 0.25-46 0-41 0-40 0-46 0-41 0-42
- 10th, 90th percentiles (1, 27 (1,29 (1, 29 (2,29 (1, 29 (1, 29
Daily noise level(dBA) # % # % # %
80-87 683 48.8 <80 dBA <80 dBA 336 42.4 347 57.0
88-92 350 25.0 222 28.0 128 21.0
=92 368 26.3 234 29.6 <80 dBA 124 22.0
Meants.d. 89.0-4.2 89.5-4.2 88.5-4.1
- Range 80-102 80-102 80-102
- 10th, 90th percentiles (86, 99 (86, 99 (86, 99

& or controls, “duration exposed” is duration of employment.

relatively stable workforce. The mean duration of noise exdifferent across all industries. As expected, mean HTLs and
posure is about 12 years, with the screened population havates of impairment were higher among the exposed versus
ing slightly higher duration of exposure. For controls, thethe controls. Mean ages of workers were highest for printing
mean duration employed was about 10 years. With regard t610.8 years in controls and 43.8 years in exposed quarry
noise exposure levels, a larger proportion of workers in th€44.8 years in controls and 42.3 years in exposadd low-
excluded group were exposed to 8-h time weighted averagest among wood-working and paper bag manufacturing
(TWA) sound levels of 80-87 dB as compared to the(mean ages 32 and 36 years, respectivég to patterns of
screened group>(§= 29.2, p=0.001). hearing loss across industry, all but the printing industry jobs
As shown in Fig. 1, binaural hearing levels among lowshowed significant noise notches among exposed workers
noise-exposed controls was higher at all frequencies in th&elative to controls at 3 and 4 kHz. The distribution of
unscreened control group than screened controls. Howevesyerall HTLs by industry types suggest that some of the
differences in control HTL for these populations are rela-variability is due to differences in age, exposure years, and
tively small among workers younger than 36 years. Thes@oise levels across these groups. Adjustment for age, expo-
differences were most pronounced between older workers aure years, and noise levels is likely to produce mean HTLs
the highest audiometric frequencies. Figure 2 shows the mehat are fairly consistent across industry categories. The ef-
dian hearing threshold leve($iTL) and 10th and 90th per- fects of industry type and other factors on age-related hear-
centiles by age and dBA level for the unscreened and uning loss are explored further in the logistic regression analy-
screened ONHS populations. Similar patterns with noisesis using the low noise-exposéttontrol” ) population.
exposure and age are observed in both groups, namely an
increase in median HTL with increasing age and noise expo-
sure. Comparable graphs for the screened population can l%e
found in Fig. 1 of Princeet al. (1997). '
The distribution of hearing threshold levels by exposure  Predicted hearing threshold levels by age were generated
status and industry type for the unscreened ONHS populder binaural averages for each test frequency and selected
tion was examined and generally showed typical patterns direquency average@d-ig. 3). Quadratic effects of age in the
loss by frequency, age, and exposure status. Mean ages heiscreened ONHS population were significant for the low to
tween controls and exposed groups were not significantlynid-frequencieg0.5, 1, 2, and 3 kHg but not for the higher

Effects of age: Analysis of control populations
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FIG. 2. Comparison of median, 10th, and 90th percentiles binaural HTL by age and dB sound level for the unscreened ONHS population by exposure status.
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FIG. 3. Predicted hearing threshold levels by age and test frequency.

frequencieg4 and 6 kHz. The excluded control group al- screened populationMorrell et al, 1999 and NIOSH
ways had higher HTLs than the screened control group foscreened controls.
each frequency.
The means for the age categoriegy—29, 30—-39, 40—
49, 50-59, and 60—63vere used to represent age for com- C. Effect of other risk factors: Analysis of control
parison to ANSI S3.44, 1996 and 1SO 19@90. Except  populations

for 500-Hz HTLs, values for this population are similar to In this analysis, we examined age-adjusted odds ratios

those in annex C for white males. HTLs at 500 Hz. aréf,; material hearing impairment among low noise-exposed
higher than those observed in other populatidsscoll and (., ntro) workers in the ONHS unscreened population rela-
Royster, 1984; Robinson, 1970; Robinson and Sutton, 1975;

i ) ive to various risk factors collected as part of the study. The
Passchlgr—Vermeer, 1968,; Morret "’,‘l" 199_6’ most likely results of the logistic regression analysis indicate that after
due to high noise levels in the a_ludlometnf: test booths. Th%djustment for age, factors such as previous job exposure,
unscreened control group had higher median HTLs and lOtHonoccupational sources of noideisure and military, and
and 90th percentiles than the screened control group. A €My ica| history or otologic abnormalities were not signifi-
parison of median HTL among controls in the unscreened .,y contributors of increased hearing impairment in the low
ONHS_ p(_)pulanon to those based on ann_e@BJSl _33'44’ noise-exposed unscreened ONHS populatitable V). Al-
1996 indicate that except for age 60, median HTb&aural 5 g elevated rates of impairment were not statistically

average for each test frequenaye similar(Fig. 4). significant for any of the factors examined, slight elevations

dFor :]he sclrgened control é:]lroulp, cc()jmpansor)s t0 annex fyere noted for military weapon exposure and nonleisure
and to the Baltimore Longitudinal Study on AgifiBLSA] weapon exposure for the frequencies most sensitive to noise-

(Morrell et al, 1996 showed higher median HTLs for 500 induced hearing l0s€3, 4, and 6 kHz For impairment as-
Hz at all ages30, 40, 50, and 60 yearexamined but rela- o iateq with the speech frequencids-4 kHz and 0.5—2
tively similar median HTL for test frequencies 1, 2, and 3,1,y ajevated risk was observed for otologic abnormalities
kHz. The differences between the BLSA and NIOSH 4 nilitary and leisure weapon noise expos@&—2 kHz
screened controls decrease with increasing age for frequeBhly)' After adjustment for age and other factors, the type of

cies 1, 2, and 3 kHz, but generally increase with increasing, ,s4ry was not associated with increased impairment rates
age for 0.5 and 4 kHz. The observed differences of 3—9 d%mong low-noise-exposed workers.

(higher HTLs in the NIOSH screened controls vs BUSA

across age groups for 1, 2, and 3 kHz may be due to differ-

ences in ANSI audiometric test standards, audiometric test, piscussion

equipment (manual versus automaljc and procedures.

Larger difference$11—20 dB across age categoji@s me- The analysis focused on examining the distribution of
dian HTL at 4 kHz was observed between the BLSAhearing levels by various risk factors and evaluated age ef-
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FIG. 4. Binaural average median HTL by test frequency: ONHS versus ANSI S3.44, Annex B.

fects among unscreened low-noise-exposed industrial workrarious definitions of material impairment indicated that fac-
ers for future use in evaluation of hearing levels amongors such as nonoccupational noise, previous noisy job expo-
noise-exposed workers enrolled in hearing conservation prasure, and medical conditions were not associated with sig-
grams. Results indicate that screened populations have lowaificant increases in material impairment. Moreover, the
(bettey average hearing threshold levels than unscreenednalyses of mean hearing threshold levels among the low-
populations. The usual variability in hearing threshold levelsnoise-exposed unscreened workers indicated that most of the
was observed by age, duration exposed, noise level, and tastrease is due to age rather than the identified risk factors
frequency for both the screened and unscreened populatiorfer hearing loss. The type of industry from which low-noise-
As had been observed in other studies, variability was greaexposed workers are drawn was not significantly associated
est for older age groups, higher test frequencies, and increag4th increased mean hearing threshold levels or rates of im-
ing noise level. Examination of age-adjusted odds ratios fopairment after adjusting for age.

TABLE IV. Age-adjusted odds ratios for hearing impairment associated with various factors among unscreened

controls.
Definition of material impairment>25 dB)
PTA-1234 PTA-346 PTA-0.5,2,1

Risk factor Odds ratio  95% C! Odds ratio 95% Ci  Odds ratio  95% Ci
Previous job noise exposure 0.7 03,16 0.7 03,15 0.8 0.2,26
Military noise 14 0.6, 3.1 11 0.5,2.4 15 0.5, 4.0
- weapon 1.6 0.7, 3.7 1.2 0.5,29 1.8 0.7, 5.0
- non-weapon 0.7 01,41 0.7 0.1, 31 — —
Leisure noise 0.9 0.3, 2.7 1.7 0.5, 24 1.0 0.2,4.2
- weapon 0.6 0.1, 3.0 0.9 0.2,45 1.4 0.2, 84
- non-weapon 1.2 0.3,5.0 2.5 0.7, 9.6 0.6 0.1,5.7
Medical history 1.1 04,29 0.7 0.3, 19 1.1 0.3,45
Otologic abnormalities 1.4 0.5, 3.9 0.6 0.2, 1.9 3.0 0.8, 10.9

#959% confidence limits: Lower, UppéP-values associated with each factor were not statistically significant at
the p=0.05 level. Interpretation of odd ratio is as follows: for the example of military noise, the odds or risk
of material impairmentfor PTA-1234 definition among workers with military noise exposure is 1.4-f¢ba

40%) higher than for workers with no military noise exposure after adjustment for all other factors in the
model.
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A. Implic_ations for planning public health sentativeness of the data relative to contemporary working
interventions and epidemiologic studies populations is limited to white males working in certain in-
Better data on the distribution of NIHL and its risk fac- dustries. The U.S. workforce today is much more diverse

tors in the population are necessary to plan effective researcffith regard to gender', nat|onaI|ty,'and race than' thg vvprk-
protocols for testing and evaluating public health interven-forc_e of the 1970’s. It Is therefore I.|kely thqt the distribution
tions. A review of the scientific literature indicates that there®f risk factors for hearing losgnedical, social, health care,
is generally weak and inclusive evidence that occupationdiecreational noise sources, gtcould be quite different, re-
hearing conservation programs prevent noise-induced heap¥lting in more variability in the underlying distribution of
ing loss (Dobie, 1995. A key component often missing for hearing threshold levels in the general population. For ex-

an adequate evaluation of hearing conservation prograrﬂmplev studies examining the impact of various risk factors

(HCP) effectiveness is an appropriate reference population(®-9- g€, blood pressure, and alcohol and cigarette con-

Such populations are useful in separating the effects due £F'MPtion among noise-exposed worke(sicBride, 1993;
aging and other nonoccupational causes of hearing loss frofPMei et al, 1996 and non-noise-exposed worke(Brant
occupational factors. However, there is a lack of contempo€t @l- 1996; Gatet al, 1993; Noriyukiet al, 2000 found

rary longitudinal data for working populations not exposedthat after adjusting for age, only a few medical factors such
to occupational noise. Currently, comparisons can be mad@s abnormal ear conditions and hypertension were ass_ougted
against available populations such as the Baltimore LongituVith the development of hearing loss. Gender and racial dif-

dinal Study on Aging[BLSA] (Brant and Fozard, 1990; ferences in the prevalence of such risk factors may also af-

Pearsoret al, 1995: Morrell and Brant, 1991: Morredit al,  fect the burden of hearing loss in the population due to fac-
1996 or statistical model§ISO 1999, 1990; ANS| S3.44, tors other than occupational noise exposure.
1996. Second, the control population from ONHS may not be

The BLSA, a key longitudinal study on aging, is a representative of white male workers in the general U.S.
highly selective white collar populatiofe.g., predominately Population(which would draw from a wider variety of in-
white males, high socioeconomic status, primarily olderdustries. In the population analyzed for this paper, 61% of
study subjects A comparison of the median and percentilesthe sample was derived primarily from two industrigsint-
of HTL to the BLSA dataMorrell et al, 1996 indicated that  INg, 43% and steel fabrication, 17%rhe sample from the
the overall spread of the distribution was similar but thatPrinting industry had the smallest difference between con-
there were significant differences in median HIl1-20 dB  trols and exposed for mean HTLs by frequency, while the
across age categorjeat 0.5 and 4 kHz. The reason for the largest differences by exposure status occurred in the steel
disparity between these populations may be due to differfabrication group. Despite the limited range of industries rep-
ences in ANSI audiometric standard6ANSI, 1989 for resented, there appears to be a sufficiently wide range of
BLSA vs ANSI, 1969 for ONH$ audiometer typémanual variability for key variables such as age, noise exposure,
versus automatedaudiometric test procedurehigh back-  length of employment, and level of noise exposures to pro-
ground booth levels or increased variability due to differ- Vvide valid inferences of the effect of noise on hearing loss
ences in unknown risk factors between industfidle col-  Without the confounding effect of HPD use. This is evi-
lar) and nonindustria(white collap populations. Therefore, denced by the remarkable consistency of the median HTLs
comparisons to actively working, noise-exposed blue collafor most age groups among the ONHS control population
workers may not be valid. It is likely that comparisons to acompared to annex B of the ANSI and ISO standd#isSI
highly screened, white collar population would produceS3.44, 1996; ISO 1999, 19R0Annex B represents un-
higher predicted hearing threshold levels attributable to ocscreened low-noise-exposed workers derived from a more
cupational noise exposure. representative U.S. population-based sampk, a nonin-

The ideal comparison, a low-noise-exposed populatiordlustrial low-noise-exposed comparison populatiover the
from the same facility, is usually not available and, if it can period of 1960—-62. As shown in Fig. 4, the main divergence
be identified from the HCP database, the workers with les#n median HTLs between the ONHS industrial control popu-
than 80 dBA exposure have intermittent exposure to hazardation and annex B occurs at age @b—65, where median
ous noise levels. A comparison of hearing threshold dat&TLs for the ONHS unscreened control group are consis-
among workers with high noise exposui8® dBA or greater  tently higher(20—35 dB for binaural averages over 3, 4, and
vs this internal “low-noise” (under 80 dBA group would 6 kHz than annex B. This difference for the older age group
underestimate the effects of noise damage. Therefore, ormeay be attributable tda) increased statistical variability in
goal of this analysis was to evaluate whether the unscreendtle distribution of HTLs due to small sample size among
ONHS control data may be used as a comparison databaséder workers(n=130, aged 5@ years in the ONHS con-
for purposes of evaluating hearing health outcomes and imtrol population relative to annex B, arib) differential selec-
pact of noise-reduction strategies among contemporartion bias of older workers due to the cross-sectional nature of
workers enrolled in industrial hearing conservation pro-the ONHS survey, resulting in older workers having worse
grams. The utility of the ONHS data in this regard is impor-hearing than the general population.
tant because widespread use of HPDs is not a confounding Data comparisons of the distribution of HTLs for older
factor in this population. workers(aged 55 years and oldefrom the ONHS popula-

Based on the current analysis, there are some caveation should be avoided. It is suggested that annex B or C of
regarding use of these data for this purpose. First, the repré&NSI S3.44 (ANSI S3.44, 1996 be used as a comparison
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group for unscreened, noise-exposed occupational cohortBreslow, N. E., and Day, N. E1980. “Classical Methods of Analysis of
For screened Occupationa| groups, the screened ONHS popuGl’Ouped Data,” inStatistical Methods in Cancer Research: Vol. [—The

; v Analysis of Case-control Studi¢hternational Agency for Research on
L 0] S
lation can be used or annex A from the ISO 19 1999, Cancer, Lyon, FrangelARC Publication No. 32, Chap. 4, pp. 140-148.

1990 and ANSI 53:44(ANS| S3.44, .1996 Stand_ards- Both Davis, R. R., and Sieber, W. K1998. “Trends in hearing protector usage
standards draw their data from hearing and noise levels fromin American manufacturing from 1972-1989,” Am. Ind. Hyg. Assoc. J.
populations during the 1960's and 1970's. The BLSA data 59 715-722.

i Dobie, R. A.(1995. “Prevention of noise-induced hearing loss,” Arch.
(Morrell etal, 1996 may be used as an additional data Otolaryngol. Head Neck Surd21, 385391,

source, particularly if the ir_‘dUStrial p0p_u|<f:ltiOI’l includes praper, N. R., and Smith, H1966. Applied Regression Analysisviley,
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