
JRRDJRRD Volume 47, Number 6, 2010

Pages 505–520

Journal of Rehabil itation Research & Development
Prevalence and degree of hearing loss among males in Beaver Dam cohort: 
Comparison of veterans and nonveterans

Richard H. Wilson, PhD;1–2* Colleen M. Noe, PhD;1–2 Karen J. Cruickshanks, PhD;3–4 Terry L. Wiley, PhD;5 
David M. Nondahl, MS3
1Department of Veterans Affairs Medical Center, Mountain Home, TN; 2Department of Audiology and Speech-
Language Pathology and Department of Surgery, East Tennessee State University, Johnson City, TN; Departments 
of 3Ophthalmology & Visual Sciences and 4Population Health Sciences, University of Wisconsin, Madison, WI; 
5Department of Communicative Disorders, University of Wisconsin, Madison, WI

Abstract—The Epidemiology of Hearing  Loss Study (EHLS)
conducted in Beaver Dam, Wisconsin, was a population-based
study that focus ed on the prevalence of hearing loss among
3,753 participants between 1993 and 1995. This article reports
the results of several auditory measures from 999  veteran and
590 n onveteran m ales 48  to  92  years of age included in the
EHLS. The audi tory measures in cluded pure tone thresholds,
tympanometry and acoustic reflexes, word recognition in quiet
and in competing message, and the Hearing Handicap Inven-
tory for the Elderly-Screening (HHIE-S) version. Hearing loss
in the auditory domains of pure tone thresholds, word recogni-
tion in q uiet, an d wo rd recognition in co mpeting m essage
increased with age but were no t significantly different for the
veterans and nonv eterans. No si gnificant differences were
found bet ween p articipant group s on the H HIE-S; how ever,
regarding hearing aid usage, mixed differences were found.

Key words: auditory domains, dizziness, hearing aid, nonvet-
eran, p ure t one th resholds, sm oking, tin nitus, vet eran, wo rd
recognition in competing message, word recognition in quiet.

INTRODUCTION

Hearing loss is on e of the most common chronic
health conditions among older individuals. S tudies indi-
cate the prevalence of hearing lo ss in the eld erly popula-
tion (>65 y ears) ranges from 27  to 45 percent and
increases with age [1–6]. The results from one population-

based study focusing on the prevalence of hearing loss, the
Epidemiology of Hearing Loss Study (EHLS) conducted
in Beaver Dam, Wisconsin [7], indicated that 46 percent of
older adults were affected by hearing loss. The prevalence
of hearing loss increased with age  and was more common
in men than in women. Anecdotally , the percept is that
because of noise exposure ex perienced in the military ser-
vice, veterans have more hearing loss than do nonveterans.
To date, no studies have focused on the prevalence of hear-
ing loss among the veteran population.

The population-based EHLS was an outgrowth of the
Beaver Dam Eye S tudy of age-related eye disorders that
enrolled 4,926 participants between 1988 and 1990 [8–9].
Of the 4,541 available participants at the 5-year follow-up
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visit of the Eye Study, 3,753 individuals (82.6%) agreed to
participate in  the EHLS b etween March 1993  and July
1995 [7]. The average age was 65.8 years, and 57 .7 per-
cent of the participants we re women. Because the  EHLS
queried the participants about their status as a veteran from
one of the U.S. military services, the EHL S provided
researchers a  unique  opportunity to e xamine characteris-
tics of veterans an d nonveterans from th e same commu-
nity. In this context, a veteran refers to anyone who served
in any branch of the military services. Of the 3,753 EHLS
participants, 1,021 (27.2%) re ported military service with
22 females and 999 males. Because the 22 females were a
substantial minor ity (2.2%) , only th e data fro m 1, 589
males (veterans and nonveterans) were analyzed. This arti-
cle compares and contrasts several general health parame-
ters and the auditory functioning of 590 male nonveterans
(37.1%) and 999 male veterans (62.9%) in the population.
Of the veterans, 70.3 percent served during wartime, most
of which were in World War II (n = 396), Korea (n = 220),
and Vietnam (n = 86).

The primary purpose of this study was to  determine
the prevalence of hearing loss among male veterans and
nonveterans aged 48 to 92 years who were enrolled in the
EHLS. The specific questions were—
1. Is there a higher prevalence  of hearing loss for pure

tones among ve terans compared with nonvete rans in
the EHLS?

2. Is there a higher prevalence of hearing impairment for
word recogniti on in quiet  and in competing message
among veterans compared with nonveterans in the EHLS?

3. What is the prevalence of  self-assessed hearing handi-
cap among veterans compared with nonveterans?

4. Are veterans more or less likely to use hearing health
care se rvices (have their hearing tes ted, try hea ring
aids, continue to use hearing aids, etc.) compared with
nonveterans?

METHODS

As detailed by  Cruicksh anks et al. [7], the aud itory
examination included a h istory of ear- and hearing-related
issues, otoscopy, screening tympanometry [10–11], air-
conduction thresholds at 25 0 to 8,000 Hz octave interv als
and at 3,000 an d 6,000 Hz interoctaves, bone-conduction
thresholds at 50 0 and 4,000 Hz, and word recogn ition in
quiet an d in com peting m essage. W e ex amined s elf-
assessed hearing handic ap using the  Hea ring Handic ap

Inventory for the Elderly -Screening (HHIE-S) version
[12]. Except for 132 homebound residents who were tested
in their homes, all other auditory testing was completed in a
sound booth. The p ure tone  audiometry was co nducted
according to established guidelines [13]. Word-recognition
in quiet and in compet ing message were evaluated on one
ear with the Depart ment of Veterans Affairs (VA) female
speaker version [14–15] of Northwestern University Audi-
tory Test No. 6 (NU-6) [16]. The ear selected for word rec-
ognition was either the ear with better (lower) pu re to ne
thresholds or the right ear (RE) if the pure tone thresholds
were equal. In quiet, the wo rd-recognition materials were
presented nominally 36 dB above the 2,000 Hz threshold in
the test ear. In the competi ng message condition, the sen-
tences spoken by a male were p resented 8 dB below the
presentation level of the target words, i.e., at a signal-to-
noise ratio (SNR) of 8 dB. Historically , pure tone thresh-
olds are the “gold standard ” for expressing hearing loss. In
a slightly dif ferent viewpoint i n this article, pure t one
thresholds are considered but one domain of auditory func-
tion with  other domains, inclu ding word recognition in
quiet and the word recogniti on in the competing message.
The prevalence of hearing loss in the nonv eteran and vet-
eran populations of the Be aver Dam cohort was examined
in these three domains of auditory function. The analyses
used the chi-square test of association for categorical vari-
ables, the Mantel Haenszel chi-square test of trend for ordi-
nal data [17], and t-tests of mean differences for continuous
data (SAS Institute, Inc; Gary, North Carolina).

RESULTS AND DISCUSSION

General Demographics
The demographic data in Table 1  provide information

about th e 590 nonveterans an d 9 99 v eterans included in
EHLS. The percentage of nonveterans and veterans in each
of the four age groups varied, which is reflected in the sig-
nificant 2. With veteran s and no nveterans combine d in
each age  group, ve terans comprised the ma jority of the
three youngest g roups (53.6% of the 48–59 years g roup,
79.6% of the  60 –69 y ears gro up, and  6 6.9% of th e 7 0–
79 years group), whereas the no nveterans co mprised the
majority of th e oldest group (72.8% of 80–92 years). The
nonveteran and veteran groups also were significantly dif-
ferent in the education category. About 30 percent of both
groups were in the two college categories. More nonveter-
ans (32.2%) than veterans (21.3%) reported less than a
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high school ed ucation, whereas mo re ve terans (46.2%)
than nonveterans (36.6%) completed high school, which
may reflect the often-used requirement of a high sch ool
diploma for acceptance into military service. Although the
two groups of participants we re significantly di fferent in
the marriage category, the profiles were strikingly simi-
lar with the majority of each  group married (nonveterans
78.0% and veterans 83.9%). In the final category in Table
1, the lo ngest h eld jo b, which was taken fro m t he 19 80
census classifications, th e two groups of particip ants
differed significantly , which is probably attributable to
two of the categories in which the largest differences were
observed, namely, se rvice and farming/forestry. The per-
centages of nonvetera ns and veterans in the other four
“longest held job” categories were very similar.

Table 2  provides th e distributions fo r fo ur general
health categories and two ear-related categories for the
two groups of participants. The two groups of participants

were significantly dif ferent in the  sm oking sta tus ca te-
gory, which is mainly attributable to more veterans
(59.5%) with a smo king history than n onveterans
(47.9%). The encouraging statistic is that current smoking
is down to about 15 percent in both groups, which demon-
strates a substantial decrease in smoking for both groups
of participants. The two groups of participants did not dif-
fer in the three remaining ge neral health categories in
Table 2 , d iabetes, history  of myocardial infarctio n, and
history of head  injury. Finally , from Table 2 , the two
groups of participants did not dif fer in the rates at which
either di zziness or tin nitus had been experien ced in  the
past year. For nonveterans and veterans, respectively, diz-
ziness ranged from 9.9 to 1 1.8 percent, whereas tinnitus
ranged from 7.9 to 9.3 percent.

Finally, handedness was check ed by asking, Are you
left-handed or right-handed? Handedness was the same for
both groups o f participants with 89  percent respo nding
right handed, 7 percent responding left handed, and 4 per-
cent responding ambidextrous (data not shown in Table 2).

Table 1.
Number and percentage of nonveteran male participants and veterans in
four demographic categories. Chi-square was used to generate p-values.

Category Nonveterans Veterans p-Valuen % n %
Age (yr) <0.001

48–59 274 46.4 317 31.7 —
60–69 102 17.3 399 39.9 —
70–79 123 20.9 249 24.9 —
80–92 91 15.4 34 3.4 —
Total 590 100.0 999 100.0 —

Education <0.001
<High school 190 32.2 213 21.3 —
High school 216 36.6 461 46.2 —
Some college 67 11.4 144 14.4 —
College or greater 117 19.8 181 18.1 —
Total 590 100.0 999 100.0 —

Marital Status 0.003
Married 440 78.0 809 83.9 —
Single 32 5.6 27 2.9 —
Divorced 37 6.6 65 6.7 —
Widowed 55 9.8 63 6.5 —
Total 564 100.0 964 100.0 —

Longest Held Job <0.001
Manager/Professional 113 19.9 206 21.1 —
Technician 71 12.5 144 14.8 —
Service 47 8.3 139 14.3 —
Farming/Forestry 78 13.7 26 2.7 —
Production 149 26.2 250 25.7 —
Operations/Fabricators 110 19.4 208 21.4 —
Total 568 100.0 973 100.0 —

Table 2.
Number and percentage of nonveteran and veteran male participants in
six health categories. Chi-square was used to generate p-values.

Category
Nonveterans Veterans

p-Value
n % n %

Smoking Status <0.001
Never 215 38.0 230 23.8 —
Past 271 47.9 576 59.5 —
Current 80 14.1 162 16.7 —
Total 566 100.0 968 100.0 —

Diabetes 0.89
Yes 58 10.4 101 10.6 —
No 501 89.6 852 89.4 —
Total 559 100.0 953 100.0 —

History Myocardial Infarction 0.08
Yes 57 10.1 126 13.1 —
No 508 89.9 836 86.9 —
Total 565 100.0 962 100.0 —

History Head Injury 0.36
Yes 231 39.2 368 36.8 —
No 359 60.8 631 63.2 —
Total 590 100.0 999 100.0 —

Dizziness Past Year 0.23
Yes 58 9.9 118 11.8 —
No 529 90.1 880 88.2 —
Total 587 100.0 998 100.0 —

Tinnitus Past Year 0.33
Yes 46 7.9 93 9.3 —
No 538 92.1 905 90.7 —
Total 584 100.0 998 100.0 —
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Veteran-Specific Demographics
Table 3  describes certain service-related characteris-

tics of the 999 veterans invo lved in the study. (Note:
Because of missing or incomple te data for a variety of
reasons, the numbe r of pa rticipants varies slightly
throughout the tables in t he manuscript.) Most w ere in
the Army (60.0%), equal numbers in the Navy and Air
Force (16%–17%), and fewer were in the Marines (5.2%)
and Coast Guard (0.9%). Most of the veterans were in the
service 5 ye ars or few er, w ith 35.3 percent in for 1 to
2 years and 40.2 percent in for 3 to 5 years. The primary
service occupation was suppor t (72.1%), with frontline
combat (18 .3%) an d co mbat s upport (9.6%) minority
occupations.

Leisure Time Noise Exposure
We included the categories in Table 4 to determine the

extent to which the participants in EHLS were exposed to
noise in their civili an lives. The distributions of the
responses to the three categories of “no isy environments”
were almost identical, with the differences between groups
not significant at the 0.01 level. For example, 34.2 percent

of the n onveterans and 38.5 p ercent of th e veterans
reported inv olvement in woo dworking. The numbers for
hunting were even closer , 74.9 versus 75.0 percent. Only
target shoo ting approached  a level of si gnificance with
participation by 12.7 and 17.3 percent of the non veterans
and veterans, respectively. The data in Table 4 suggest that
no difference exists betwee n veterans an d nonveterans in
their participation in noisy leisure activities.

Pure Tone Thresholds
Of the 1 ,589 males between  48 an d 92 y ears of ag e

who were enrolled in the study , 49 participants were able
to complete only the interview portion of the protocol and
not the obj ective measures, such as, p ure tone thresholds.
Additionally, two participants were evaluated in a nursing
home b ut were un able to c omplete the objective testing.
Thus the objective pure tone and speech-recognition data
reported in the following paragraphs are from 568 nonvet-
erans (mea n age 64.6 yea rs  11.8 stan dard deviation
[SD]) and 970 veterans (64.6  8.6 years). Various combi-
nations of the mean left-ear (LE) and RE aud iograms for
the nonveteran and veteran gr oups of EHLS participan ts
are shown in Figure 1 (all ages by subgroup) and in Fig-
ure 2 (four age groups by participant group).

Figure 1(a)  depicts the mean non veteran and veteran
LE audiograms and Figure 1(b)  RE audiograms, whereas
Figure 1(c) shows the mean RE and LE audiograms for the
nonveterans (filled circles and squares) and Figure 1(d)
veterans (open c ircles and time s symbols). The mean

Table 3.
Number and percentage of m ale veterans in res pective branche s of
armed services and years of military service.

Category n %
Branch of Service

Army 608 60.0
Navy 176 17.4
Air Force 167 16.5
Marines 53 5.2
Coast Guard 9 0.9
Total 1,013* 100.0

Service Years
1–2 353 35.3
3–5 402 40.2
6–9 158 15.8
10–19 31 3.2
20+ 55 5.5
Total 999 100.0

Primary Service Activity
Front Line 182 18.3
Combat Support 95 9.6
Other Support 718 72.1
Total 995 100.0

*Some participants were in more than one service.

Table 4.
Number and p ercentage of  m ale nonveterans and veterans who
reported participating in three activities that are considered noisy. Chi-
square was used to generate p-values.

Category Nonveterans Veterans p-Valuen % n %
Woodworking 0.09

Yes 202 34.2 385 38.5 —
No 388 65.8 614 61.5 —
Total 590 100.0 999 100.0 —

Hunting/Fired Gun 0.98
Yes 442 74.9 749 75.0 —
No 148 25.1 250 25.0 —
Total 590 100.0 999 100.0 —

Target Shooting 0.01
Yes 75 12.7 173 17.3 —
No 515 87.3 826 82.7 —
Total 590 100.0 999 100.0 —
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audiograms indicate normal hearing at 500 and 1,000 Hz for
both ears of each participant group. From 2,000 to 8,000 Hz,
the audiograms reflect mild to  moderate h earing loss with
25 to 30 dB hearing level (HL) [18] thresholds at 2,000 Hz
progressing to 55 to 60 dB HL thresholds at 8,000 Hz. For
both ears, the veterans had sli ghtly better hearing in the
lower frequencies by 2  to 4 dB than did  the n onveterans.

Conversely, in the higher fre quencies, the nonveterans h ad
slightly better hearing by 2 to 3 dB than did the veterans.
Similarly as shown in  Figure 1(c) and (d), the between-ear
pure tone thres hold differences for both groups  of pa rtici-
pants were small, ranging from 0.2 dB at 500 Hz to 3.3 dB
at 3,0 00 H z fo r th e v eteran gr oup and fr om 1.1  d B at
1,000 Hz to 4.8 dB at 3,000 Hz for the nonveteran group.

Figure 1.
Mean audiograms for male nonveterans and veterans in Epidemiology of Hearing Loss Study. Data depict mean audiograms grouped by (a) left
ear (LE), (b) right ear (RE) nonveterans ([filled symbols] and veterans [times and open symbols]), (c) nonveterans, and (d) veterans (LE [squares
and times symbols] and RE [circles]). Source: Specifications for audiometers. ANSI S3.6-1989. New York (NY): American National S tandards
Institute; 1989.



510

JRRD, Volume 47, Number 6, 2010
Interestingly, all the mean pure tone thresholds for the LE
were at higher (poorer) levels than were the mean thresholds
for the RE, w hich is a n ef fect de scribed in a s ubsequent
paragraph.

The mean pure  tone thresholds a re prese nted in
Figure 2 for each  of fo ur age catego ries (48–59, 60–69,
70–79, and 80+ years) for the nonveteran and veteran

groups. Because of the minimal dif ferences between the
RE and LE mean audiograms, only the  mean thre sholds
for the RE are shown. As a  point of reference, the light
line in the graphs for the three older groups represents a
composite o f the  thres holds fo r th e yo ungest g roup o f
participants. Except for the 80+ yea rs group, the  mean
thresholds for the veterans and nonveterans are within a

Figure 2.
Mean audiograms for right ears of male veterans (V) (open circles) and nonveterans (NV) (filled symbols) in four age-group categories: (a) 48–59 yr,
(b) 60–69 yr, (c) 70–79 yr, and (d) 80+ yr. Light line in graphs for oldest three groups is threshold function from 48–59 yr group. Source: Specifica-
tions for audiometers. ANSI S3.6-1989. New York (NY): American National Standards Institute; 1989.
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few decibels of one another. Although the veterans in the
80+ years group had 5 to 10 dB lower (better) thresholds
than the nonveterans, these findings must be viewed with
caution because of the small number of participants who
comprise the two groups in the oldest age range, which in
this comparison were 83 nonveterans and only 34 veterans.

To evaluate the significance of the o bservations seen
in Figures 1 and 2, we used t-tests to examine thres holds.
An initial paired-samples t-test was used  for looking at
thresholds colla psed across frequency, age, and veteran
status for the RE and LE. The resulting statistic (t(1,504) =
–7.04, p < 0.001) was significant, confirming that on aver-
age, thresholds were lower (better) for the RE than the LE.
The average difference between ears is assumed for bo th
veterans and non veterans because ad ditional t-test results
showed no significant differences for either ear as a func-
tion o f veteran  status. Thresho lds as a function o f fre-
quency and  age were other variables of interest. Two
metrics commonly used to define hearing loss in terms of
pure tone threshol ds are the tr aditional pure tone average
(PTA) of thresholds at 500, 1,000, and 2,000 Hz and the

high-frequency P TA (HFP TA) of thresholds at 1,000,
2,000, and 4,000 Hz [19]. A on e-way analysis of variance
(ANOVA) across the four age categories showed that PTA
increased significantly with each increment in age group
(Fw(3, 438) = 141.7, p < 0.001). Similarly, for the HFPTA,
we observed that each increment in age group (Fw(3, 456) =
199.8, p < 0.001) increased significantly.

To this point, the data indicate that the hearing sensi-
tivity o f th e veterans and nonveterans amo ng th e age
groups and collectively is strikingly similar . The P TAs
for the veterans and nonveterans are listed in Table 5  for
the four age groups. The only  significant PTA difference
between groups was with the 80+ year olds (t(93) = –3.3,
p = 0.0 01). The mean P TAs for the 48- to  59-years and
the 60- to  69-years groups were well within the normal
range of 20 dB HL, with the means for the 70- to 79-years
groups only outside the normal range by 3 to 5 dB. The
80+ years groups were outside the normal range for PTAs
by 10 dB (veterans) a nd by 20 dB (nonveterans), but
again, the disparity in the number of participants in each
group probably influenced the outcome.

Table 5.
Mean three-frequency pure tone average (PTA) at 500, 1,000, and 2,000 Hz; mean high-frequency PTA (HFPTA) at 1,000, 2,000, and 4,000 Hz;
and mean word-recognition scores on Northwestern University Auditory Test No. 6 materials in quiet (Q) and in competing message (CM) for ear
tested for word recognition for male nonveterans (NV) and veterans (V).

Age/Statistic
PTA (0.5, 1, 2)

(dB HL)
HFPTA (1, 2, 4)

(dB HL)
Words (Q)

(% Correct)
Words (CM)
(% Correct)

NV V NV V NV V NV V
48–59 Years

Mean 10.0 11.5 19.1 21.9 90.7 90.7 58.5 56.3
SD 8.2 12.2 11.1 17.4 6.9 6.3 16.6 16.0
n 265 307 265 307 257 297 252 302

60–69 Years
Mean 15.5 15.6 27.5 29.7 87.4 87.3 47.0 45.7
SD 12.1 10.7 14.7 13.8 11.9 10.5 19.7 18.6
n 99 391 99 390 95 370 96 371

70–79 Years
Mean 25.2 23.0 38.8 37.3 81.0 82.0 33.9 32.8
SD 15.4 13.2 15.8 14.5 15.4 15.6 19.2 19.6
n 121 237 120 236 114 223 108 217

80+ Years
Mean 39.0 29.5 53.2 43.5 63.9 78.2 15.2 24.9
SD 18.4 12.2 15.7 12.5 20.7 11.7 16.7 17.3
n 81 34 81 34 73 32 60 23

Grand Mean
Mean 18.4 16.0 29.6 29.0 84.4 86.8 46.2 46.2
SD 16.1 12.1 18.3 15.0 15.3 11.6 23.1 19.9
n 566 969 565 967 539 922 516 913

HL = hearing level, SD = standard deviation.
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Several investigators have suggested that the ability
to understand speech (es pecially in background noise) is
in part related to auditory  function in the frequencies
above 2,000 Hz [20–21]. Accordingly, the HFPTAs were
also derived for ea ch participant group and are listed in
Table 5 . As with the PTA, only the 80+ years groups
mean HFPTAs were significantly different (t(85) = –3 .2,
p = 0.002). Not surprisingly, all the dif ferences between
the PTA and the HFPTA were significant at 0.01. The
mean HFPTAs for the 48- to 59-years groups are  about
10 dB poorer (higher) t han the traditional P TA, but the
HFPTAs continue in the normal 20 dB HL rang e. For
the three remaining age groups, the dif ferences between
the mean PTAs and the mean HFPTAs are larger with the
HFPTAs 12 to 14 dB poorer than the traditional PTAs.
For the oldest thre e groups, the mean HFPTAs are pro-
gressively poorer than the normal 20 dB HL range.

The distribu tions o f he aring lo sses d efined with the
HFPTA for the four age groups are shown in Figure 3
(veterans) and Figure 4 (nonveterans). The percentage of
the participants in the respective groups is on the ordinates
with the HFPTA in 10 dB ranges shown on the abscissas.
The bars with diagonal lines represent the LE data, and the
shaded bars repres ent the RE da ta. The  vertical dashed
line delimits normal heari ng ( 20 dB HL ) and  hearin g
loss (>20 dB HL), with the numbers in the upper right cor-
ner of each  grap h in dicating th e percentage of each  ear
that is to the right of the dashed line, which indicates hear-
ing loss. In the 48- to 59-years groups, 45 to 58 percent of
the participants had hearing loss by the >20 dB HL crite-
rion, a percenta ge that incr eased p rogressively to 9 2 to
100 percent of the 80+ years groups. Defined in this man-
ner, the pre valence of hearing los s is substantial in each
age gr oup, systematically i ncreases with increas ing age,
and is similarly distributed for the ve terans and nonveter-
ans. The HFPTA da ta a lso can be  used by  the reader to
define the pre valence of hearing loss in the veteran a nd
nonveteran groups using any combination of the hearing-
loss ranges expressed on the abscissas in Figures 3 and 4.

Word Recognition in Quiet and in Competing Message
The mean word-recognition performances in quiet on

the NU-6 mate rials were 86.5  percent (SD = 1 1.5%) by
904 veterans and 84.0 percent (SD = 15.3%) by 526 non-
veterans. An independent t-test showed that the ~2 per-
cent difference between groups was statistically significant
(t(870) = 3.3, p = 0.001). Although the difference is statis-
tically significant, 2 percent is a one-word difference and

is not clinically important. The i ndividual recognition
performances in quiet are plotte d in Figure 5 as a func-
tion of the HF PTA of the test ear for the nonveterans
(Figure 5(a)) and veterans (Figure 5(b)). The large filled
symbol in each graph depicts the mean data, and the line
is the linear regression used to describe the data. For both
participant g roups, the distributions are similar , as
reflected by the slopes o f the regressions, –0.6 percent/dB

Figure 3.
Histograms depicting pe rcentage of male ve teran group  with 1,000,
2,000, and 4,000 Hz pure tone aver ages ( PTAs) within bin  ran ges
indicated on abscissa in each of four age groups: (a) 48–59 yr, (b) 60–
69 yr, (c) 70–79 yr, and (d) 80+ yr. Data for left ear (LE) (diagonal
lines) and r ight ear (RE) (shaded)  are shown. V ertical dashed line
delimits normal hearing and hearing-loss categories, with percentages
in each upper-right graph, indicating percentage of sample with hear-
ing loss. HL = hearing level.
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and –0.4 percent/dB for nonveterans and veterans, respec-
tively. The mean recognition performances (and S Ds) by
the nonveterans and veterans in the four age groups on the
NU-6 materials in quiet are listed in Table 5 . Except for
the 80+ years groups, the mean performances are almost
identical for the two groups of participants and are in the
range of no rmal hearing, which is defined as 8 0 percent
correct. Histograms indicating the percentage of the par-

ticipants in each group (veterans [V], diagonal lines; non-
veterans [NV], shaded) with word-recogn ition scores in
the decade intervals from <10 to 100 percent are shown in
Figure 6 for the four age groups. The vertical dashed line
indicates the boundary between 80 to 100 percent perfor-
mance (i.e., normal hearing for words in quiet) and 0 to 78
percent performance (i.e., hearing loss for words in quiet).

Figure 4.
Histograms d epicting percentage of male nonveteran group with
1,000, 2 ,000, and 4,000 Hz pu re tone averages (P TAs) within bin
ranges indicated on abscissa in each of four age groups: (a) 48–59 yr,
(b) 60–69 yr , (c) 70–79 yr , and  (d) 80+ yr . Data for left ear (LE)
(diagonal lin es) and rig ht ear ( RE) ( shaded) are shown. V ertical
dashed line delimits normal hearing and hearing-loss categories, with
percentages in each uppe r-right graph, indicating percentage of sam-
ple with hearing loss. HL = hearing level.

Figure 5.
Bivariate plots of i ndividual word-recognition performances in q uiet
(ordinate) an d high -frequency pure tone average (PTA) of listeners
(abscissa) for (a) 526 nonveterans and (b) 904 veterans. Large filled
symbols depict mean datum points, and lines through datum points
are linear regressions used to describe data (R2 = 0.48, non veterans;
R2 = 0.36, veterans). HL = hearing level.
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The percen tages in the upper right corner of each graph
list the percen tage of the participants with hearing loss in
this domain of auditory function. Using 80 percent correct
recognition as the boundary between performances by lis-
teners with normal hearing and listeners with hearing loss,
we found that, as shown in the data in Figures 5 and 6, the
majority of participants ha d normal auditory functioning
in terms of understanding spee ch in quiet. Even if the
boundary were changed to 90 percent correct recognition,

the ou tcome would not be ap preciably af fected. Finally,
when examining performance in quiet by age groups, col-
lapsed across participant gr oups, we fou nd that a on e-
way ANOVA dif fered significantly between ea ch a ge
group, again with performance declining with increasing
age (Fw(3,372) = 77.8, p < 0.001).

The mean word-recognition performances on the NU-
6 materials in the competing message at 8 dB SNR were
46.2 percent (SD = 19.9%) by 913 veterans and 46.2 per-
cent (SD = 2 3.1%) by 516 n onveterans. Th e individual
recognition pe rformances in the c ompeting mes sage are
plotted in Figure 7  as a function of th e HFPTA o f th e
test ear for the nonveterans ( Figure 7(a )) an d veteran s
(Figure 7(b)). Again, th e data distributions for the partici-
pant groups are similar , which is reflected by the compara-
ble regression slopes of –0.98 percent/dB and –0.95 percent/
dB for the nonveterans and veterans, respectively. The mean
recognition performances (and SDs) by  the non veterans
and veterans in the four age groups on the NU-6 materials
in the competing message are listed in Table 5 . Except for
the 80+ years groups, the mean performances were within
2 percent for the two  groups of participants. By defining
the range of normal performance on this paradigm as 70 to
100 percent correct, we found that all the mean data were
outside the normal range.*

Noteworthy is the  decrement in performance acceler-
ates across the age g roups from an 1 1 percent difference
between the youngest age groups  to a 15 percent differ-
ence between  the oldest age groups. The interval h isto-
grams in Figure 8  depict the distribution of recognition
performances for the four age groups on the word s in the
competing message paradigm. Again , the dashed vertical
line delimits the boundary b etween performances by  lis-
teners with  normal hearing ( 70% correct) and listeners
with hearing loss (<70% correct). The data in Figure 8
have several points of interest. First, except for the
80+ years groups, the distributions at the respective age
categories are  remarkably similar for the two groups of
participants, reflecting a broad range of performances. The
exception in the 80+ years groups probably is attributable

Figure 6.
Histograms showing percen tage of m ale pa rticipants in ve teran (V)
(diagonal lin es) and nonveter an (N V) (shaded ) group s who obtained
word-recognition performance on Northwestern  University Auditory
Test No. 6 materials presented in quiet within bin ranges indicated on
abscissa in each of four age groups: (a) 48–59 yr, (b) 60–69 yr, (c) 70–
79 yr , and (d) 80+ yr . Vertical dashed line delim its normal  hearing
(80% correct) an d hearing-loss (78% correct ) categories, with per-
centages in each upper-right graph indicating percentage of each group
classified with hearing loss in this domain of auditory function.

*Normal perform ance on NU-6 materi als pres ented in a competi ng
message paradigm [14]  was established from Wilson et al. [15] data
for same materials presented at 8 dB SNR. The mean SD for listen-
ers with normal hearing in the Wilson et al. study was 84.5% correct 
5.0%. Based on these data, 70% correct was established as the range
of normal perfor mance, which is  a conservativ e boundary about
3 SDs from the mean.
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to the small number of participants in the groups, espe-
cially the veterans ( n = 23). Second, across the four age
groups, the distributions change with a migration from the
left (good performance) to th e right (poo r performance).
Third, the percentages in the upper right of each graph
indicate the percentages of participants whose perfor-
mances fell to the right of the vertical dashed line (70%).

The vast majority o f participants in each ag e group (i.e.,
72.9%–100.0%) had hearing loss for words presented in a
competing message or background noise. As with the
word-recognition data in quiet, when examining perfor-
mance in the competing message paradigm by age groups,
collapsed across participant groups, we found that a one-
way ANOVA dif fered significantly between each age
group, with perfo rmance declining with increasing age
(Fw(3, 348) = 192.8, p < 0.001).

Figure 7.
Bivariate plots of individual word-recognition performances in  com-
peting message (ordi nate) and hi gh-frequency pu re t one averages
(PTAs) of listeners (abscissa) for (a) 486 nonveterans and (b) 897 vet-
erans. Lar ge filled symbols depi ct mean datum points, and li nes
through datum points are linear regressions used to describe data (R2 =
0.61, nonveterans; R2 = 0.58, veterans). HL = hearing level.

Figure 8.
Histograms showing percen tage of male particip ants in veteran (V)
(diagonal lines) and nonveteran (NV) (sh aded) gro ups wh o obtained
word-recognition performance on Northwestern University Auditory Test
No. 6 materials presented in competing message at 8 dB SNR within bin
ranges indicated on abscissa in each  of four age group s: (a) 48–59 yr ,
(b) 60–69 yr, (c) 70–79 yr, and (d) 80+ yr . Vertical dashed line de limits
normal hearing (70% correct) and hearing-loss (68% correct) catego-
ries, with percentages in each upper -right graph indicating percentage of
each group classified with hearing loss in this domain of auditory function.
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HHIE-S
The auditory data just reported were objective data

that quantifie d a spe cific domain of auditory f unction.
Self-report instrume nts also have been  used to under-
stand the prevalence of hearing loss or hearing handicap.
The HHIE-S [12] was included in the EHLS as a measure
of the se lf-perceived hearing handicap [22], with sc ores
>8 in dicating a self- reported hearing hand icap [2 3–24]
with scores in the 10 to 24 range considered mild to mod-
erate hearing handic ap and sc ores in the 26 to 40 range
considered severe handicap [25]. The data in Table 6  list
the number (and corresponding percents) o f nonveteran
and veteran participants by age category. The p-values in
Table 6  indicate that no differences were found between
nonveterans and veteran s on the HHIE -S in an y of th e
age groups. Collectively in each age group, most partici-
pants scored 8, with about 82, 75, 73, and 64 percent of
the 48 to 5 9, 60 to 69, 70 to 79,  and 80+ years gro ups,
respectively, indicating no self-perceived hearing prob-
lem. At the  other extreme  of the HHIE-S scoring range
(26–40), 3, 4, 6, and 11 percent of the participants in the
respective age groups suggested severe hearing handicap.
The remaining 15 to 25 percent of each age group scored
10 to  24 , which in dicates a mild  to moderate heari ng
handicap. The HHIE-S data for veterans (diagonal lines)
and nonveterans (shaded) by the four age groups are dis-
played in more discrete intervals in Figure 9 that empha-
size the  ske wness of the distributions towa rd the lowe r
scores on the HH IE-S. T o compare the EHLS of the
HHIE-S data with the obje ctive meas ures of a uditory
function, the reader is referred to Wiley et al. [22].

Hearing Aid Use
Finally, EHLS determined two aspects of hearing aid

usage from the participants: (1) Had they ever worn a hear-
ing aid?  and  (2) Were the y cu rrently w earing a he aring
aid? The hearing aid use data  for th e nonveteran and vet-
eran groups are listed in Table 7  for the four age cat ego-
ries. Overall, 16 percent of the nonveterans and 11 percent
of the veterans had a history of hearing aid use, which was
significantly different at 0.01. Current hearing aid use was
less for b oth g roups, 10  pe rcent for the nonve terans and
7 percent for the vet erans. This 3 percen t between-group
difference was significant. For the var ious age categories,
however, no significant dif ferences were fou nd between
the no nveterans and veterans  regard ing hearing aid use.
Both the pure tone threshold data and the word-recognition
data indicated in gen eral higher thresh olds (p oorer hear-

ing) and reduced word-recogn ition abilities as a function
of age. The hearing a id use data in  Table 7  reflect these
decreased auditory functions and abilities in that hearing
aid use increased  co nsistently as a function o f age. For
example, veterans’ current use of hearing aids progressed
from 2.5 to 5 .5 to 12.0 to 24.2 percent across the four ag e
groups with a similar pattern observed for the nonveterans.
An interesting story from the data in Table 7  is the relation
between those who had previous hearing aid use and those
who currently used hearing aids. Collectively, 202 partici-
pants acknowledged prior hearing aid usag e, whereas 128
participants were current he aring aid users. Th us, for
unknown reasons, 74 participants were n o longer wearing
hearing aids and could represent unsuccessful hearing aid
users. A more detailed account of the hearing aid use data
is provided by Popelka et al. [26].

Table 6.
Number and per centage of male  nonveter ans and veterans by age
group and overall on various classification ca tegories of  Hearing
Handicap Inventory for the Elderly-Screening (HHIE-S) version. Chi-
square was used to generate p-values.
Age/HHIE-S 

Category
Nonveterans Veterans

p-Value
n % n %

48–59 Years 0.92
0–8 227 82.9 257 81.6 —
10–24 39 14.2 48 15.2 —
26–40 8 2.9 10 3.2 —
Total 274 100.0 315 100.0 —

60–69 Years 0.46
0–8 72 72.7 304 77.4 —
10–24 23 23.2 70 17.8 —
26–40 4 4.1 19 4.8 —
Total 99 100.0 393 100.0 —

70–79 Years 0.93
0–8 88 73.3 176 73.0 —
10–24 24 20.0 51 21.2 —
26–40 8 6.7 14 5.8 —
Total 120 100.0 241 100.0 —

80+ Years 0.58
0–8 45 59.2 23 69.7 —
10–24 22 29.0 7 21.2 —
26–40 9 11.8 3 9.1 —
Total 76 100.0 33 100.0 —

Overall 0.80
0–8 432 75.9 760 77.4 —
10–24 108 19.0 176 17.9 —
26–40 29 5.1 46 4.7 —
Total 569 100.0 982 100.0 —
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CONCLUSIONS

Veterans and nonveterans in this st udy were equally
likely to have a hearing loss  in the audi tory domains of
pure tone thresholds, word recognition in quiet, and word
recognition in a c ompeting mess age. Likewis e, the
HHIE-S scores for the two participant groups were not
significantly different. Overall, hearing aid use by veter-
ans and nonveterans was significantly different, but when
considered by age group, the differences were not signifi-
cant. These findings were  somewhat unexpected consid-
ering the opportunity for noise e xposure that is pres ent
during military service. Note, however, that only 28 per -
cent of the veterans reported their service roles as combat
or combat support and the  veterans included were  from
before the 1990–1991 Persian Gulf war.
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