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We conducted a case-control study in 100 cases who had Alzheimer’s-type
dementia and 100 age-, sex-, and education-matched, nondemented controls
to evaluate the hypothesis that hearing impairment contributes to cognitive
dysfunction in older adults. The prevalence of a hearing loss of 30 dB or greater
was significantly higher in cases than in controls (odds ratio, 2.0; 95% confi-
dence interval, 1.2 to 3.4), even when adjusted for potentially confounding
variables. In addition, we observed a dose-response relationship in which
greater hearing loss was associated with a higher adjusted relative odds of
having dementia. Hearing loss was also significantly and independently corre-
lated with the severity of cognitive dysfunction, as measured by the Mini-Mental
State Examination, in nondemented as well as demented patients. These
results demonstrate an association between hearing impairment and dementia
and lend support to the hypothesis that hearing impairment contributes to

cognitive dysfunction in older adults.

HEARING impairment has been hy-
pothesized to contribute to cognitive
dysfunction in older adults. The public
health ramifications of such a relation-
ship could be significant because the
treatment of dementia is usually pallia-
tive, and hearing impairment is highly
prevalent, frequently undetected,®
and usually treatable.

If hearing impairment does contrib-
ute to cognitive dysfunction, one would
expect a higher prevalence of hearing
impairment in demented persons than
in nondemented persons. In addition,
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one might expect a dose-response rela-
tionship in which progressively greater
amounts of hearing loss would be associ-
ated with a progressively higher risk of
dementia and cognitive dysfunction.
Although previous studies of hearing
and cognition in older adults have con-
sistently demonstrated these conditions
to be associated, the associations have
not always been statistically signifi-
cant.*" These studies, however, have
been criticized for low statistical power,
imprecise diagnostic criteria and instru-
mentation, and failure to control for po-
tentially confounding variables such as
age and depression.’

This article presents the results of a
case-control study that examined the
relationship of hearing impairment to
dementia and cognitive dysfunction in
older adults. The study was designed to
have adequate statistical power, diag-
nostic criteria, and instrumentation to
control for known potentially confound-
ing variables.

Downloaded From: http://jama.jamanetwork.com/ on 07/11/2012

METHODS
Subjects

The study was conducted from 1985 to
1987. Subjects included 100 cases with
dementia and 100 age-, sex-, and educa-
tion-matched nondemented controls
who were outpatients at the Adult
Medicine Clinics at Harborview Medical
Center and the University Hospital in
Seattle, Wash. In addition to primary
care, these clinics provide specialized
dementia evaluations for which patients
are referred from throughout the Pacif-
ic Northwest.  The sample size was cho-
sen to afford a statistical power of 80%
for detecting a twofold increase in the
risk of dementia, assuming a 40% preva-
lence of hearing impairment in con-
trols.”” Study-eligibility eriteria for
both cases and controls were as follows:
65 years of age or older; English speak-
ing; education of eighth grade or be-
yond; pure tone air conduction thresh-
old audiometry test/retest agreement
within =5 dB at 1000 Hz; and speech
reception threshold-pure tone average
agreement within =10 dB. Potential
cases and controls who fulfilled age, sex,
and diagnostic criteria were identified
from systematic manual and computer-
ized searches of clinic registries, with
supplementary telephone calls, if neces-
sary, to determine educational attain-
ment. This pool of potential cases and
controls also fulfilled separate eligibility
criteria for cognitive performance, as
described later herein, and provided in-
formed consent.

Cases who fulfilled eligibility criteria
and consented to participate were
selected consecutively. Cases met crite-
ria from the National Institute of Neu-
rological Disorders and Stroke/Alz-
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heimer’s Disease and Related Disorders
Association for the clinical diagnosis of
Alzheimer’s disease (“probable” classi-
fication).® We chose to study Alz-
heimer’s disease because it is the most
common dementia and its auditory
neuropathology is relatively well de-
seribed. All cases also had Mini-Mental
State Examination (MMSE) scores of 14
or greater.” More severely demented
cases (MMSE score <14) were exclud-
ed, since a high proportion of these were
not expected to fulfill the andiometric
reliability criteria described previously.
Two otherwise eligible demented pa-
tients were excluded because they did
not fulfill audiometric reliability cri-
teria.

Controls were matched with cases by
age (=2.5 years), sex, and educational
attainment (whether or not they had
graduated from high school)—the last
to control for socioeconomic status and
the effect of education on MMSE perfor-
mance.” When more than one patient
was identified as a potential control for a
given case, the patient to be approached
was randomly selected from this pool.
To screen for clinically unrecognized de-
mentia, controls were selected for
scores of 24 or greater on the MMSE,
since this score has high discriminant
validity for dementia or delirium." One
potential control was excluded from the
study on this basis.

Informed consent was provided di-
rectly by controls and, for cases, by le-
gal guardians, if available, or “patient
advocates” (usually spouses or other
family members). Participation rates
were 73% (100/137) for potentially eligi-
ble cases and 67% (100/150) for controls.
The age, sex, and educational levels of
participants and nonparticipants were
nearly identical (P, not significant) for
both cases and controls. For cases, par-
ticipants and nonparticipants had near-
ly identical MMSE scores as well (P, not
significant). Mini-Mental State Exami-
nation scores were usually not available
for nonparticipating potential controls.

Data Collection and Instruments

Subjects received complete medical
evaluations, including history, physical
examination, and laboratory evalua-
tions, by their general internists in the
Adult Medicine Clinic. Current diag-
nostic, medication, and most demo-
graphic data were obtained from medi-
cal records.

Controls and cases’ “advocates” (in
nearly all instances, a spouse or other
family member) completed a question-
naire regarding other possible risk fac-
tors for dementia (family history, head
trauma), hearing-aid use, and addition-
al demographic data, including educa-
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Table 1.—Characteristics of Demented and Nondemented Patients

Patients
(N=100 Pairs)
Variable Demented Nondemented

Mean age, y (= SD)* 77.1 (6.3) 77.0 (6.3)
% Female* 58 58
High school graduate, %* 71 71
Medical diagnoses, %

Hypertension 51 40

Arthritis 44 23

Coronary artery disease 31 17

Chronic lung disease 22 13
Mini-Mental State Examination, mean score (+ SD) 18.6 (5.1) 27.0 (2.3)

*Matching variable.

Table 2. —Prevalence of Potential Risk Factors for Cognitive Dysfunction in Demented and Nondemented

Patients

Patients, %

(N =100 Pairs)
Odds Ratio (95%
Variable Demented Nondemented Confidence Interval)
Family history of dementia 53 23 3.3 (1.7-6.4)
Diagnosis of depression 29 12 29 (1.4-6.2)
History of head injury 17 14 1.1 (0.6-2.3)
=3 Prescription medications* 37 64 0.4 {0.2-0.7)
Hearing-aid use 17 13 1.4 (0.6-3.0)

*The mean number (+SD) of prescription medications in cases and controls was 2.5+2.1 and 3.7+2.5,

respectively (P<.001).

tion and source of primary care. Sub-
jects were administered the MMSE and
the Hamilton Rating Scale for depres-
sion® by study personnel. Participants
with hearing aids wore them during ad-
ministration of the MMSE and the
Hamilton Rating Scale. The MMSE
score was used as an indicator of the
severity of dementia.” For study pur-
poses, the Hamilton Rating Scale was
used only to quantify depressive symp-
tomatology; diagnoses of depression
were based on findings of the patients’
regular physicians.

Two certified audiologists performed
audiometric evaluations in a sound-iso-
lated audiometric testing suite with a
clinical audiometer calibrated to specifi-
cations of the American National Stan-
dards Institute. Audiologists were not
informed of the subject’s status as a case
or a control. The audiological test pro-
tocol included pure tone air conduction,
bone conduction, speech reception
threshold measurements, and speech
discrimination assessment for each
ear. In addition, speech reception
thresholds and speech discrimination
scores were obtained with the patient
seated 1 m from a loudspeaker at 0°
azimuth, both unaided and with hearing
aids, when indicated.

Data Analysis

Mean values (= SD) are noted. The
degree of hearing loss was defined, ac-
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cording to guidelines of the American
Academy of Otolaryngology, as a sin-
gle, weighted, binaural average of mon-
aural air-conducted, pure tone average
thresholds at 500, 1000, 2000, and 3000
Hz.* (For this, hearing in the better ear
is weighted five times greater than
hearing in the worse ear.) The crude
relative odds (odds ratio) was computed
as the ratio of discordant pairs, and
McNemar’s Test for correlated propor-
tions was used to evaluate the statistical
significance of the association in the un-
adjusted analysis. Univariate case-con-
trol comparisons for continuous vari-
ables were performed with paired ¢
tests.

Adjusted odds ratios were calcu-
lated with conditional logistic regres-
sion.® A test for trend was per-
formed by testing the statistical
significance of a single hearing-impair-
ment variable, scored 1 for 20- to 29-dB
losses, 2 for 30- to 39-dB losses, and 3 for
losses of 40 dB or greater, using a likeli-
hood ratio test.

For cross-sectional analyses (ie, cor-
relation of auditory acuity with cogni-
tive function within cases or controls),
both cognitive functioning and hearing
loss were expressed as continuous vari-
ables on the basis of MMSE and pure
tone average threshold values, respec-
tively. Multivariate analyses within
these cohorts were conducted with mul-
tiple linear regression.
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Table 3.—Prevalence of 30-dB Hearing Loss in
Demented and Nondemented Patients (N=100

Pairs)*
]
Demented
=230dB <30dB Total
>30dB 29 15 4
Nondemented <30dB 30 26 56
Total 59 41 100

]
*Odds ratio, 30/15=2.0; 95% confidence interval,
1.2t0 3.4,

RESULTS

Characteristics of the
Study Population

The patients’ sociodemographic and
medical diagnostic characteristics are
given in Table 1. Among the potential
risk factors for Alzheimer’s disease or
cognitive dysfunction examined, family
history of dementia and diagnosis of de-
pression were significantly more com-
mon among cases than controls, and the
number of prescription medications was
significantly lower among cases than
among controls (Table 2). The use of
hearing aids was uncommon and did not
affect the relative odds for having de-
mentia. In addition, significantly fewer
cases (28%) than controls (74%) re-
ceived their primary care from study
clinics (odds ratio, 0.2; 95% confidence
interval, 0.1 to 0.3).

Prevalence of Hearing impairment
in Cases and Controls

The mean hearing loss was signifi-
cantly higher in cases than in controls
(31.8+13.2 and 28.5x13.3 dB HL
[hearing level], respectively; P=.03).
The prevalence of hearing impairment
at the median level (>30 dB) was signifi-
cantly higher in cases than in controls
(odds ratio, 2.0; 95% confidence inter-
val, 1.2t0 3.4) (Table 3).

We next adjusted for potentially con-
founding variables on which cases and
controls had not been matched, includ-
ing source of primary care, to control for
otherwise unrecognized differences in
health status or other selection biases at
the clinic level. Hearing impairment re-
mained statistically significantly associ-
ated with dementia when controlled
both individually and collectively for
family history of dementia, diagnosis of
depression, number of prescription
medications, and source of primary care
(Table 4). Based on these data, the pro-
portion of observed cases potentially
due to hearing impairment (ie, the ad-
justed “etiologie fraction”) would be ap-
proximately 32%.%

Dose-Response Relationship
of Hearing Loss to Dementia

To determine whether a dose-re-
sponse relationship between hearing
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Table 4. —Relative Odds for Dementia of 30-dB Hearing Loss, Adjusted for Potentially Confounding Variables

{N=100 Pairs)
L ....___________________________________________________|]
Model
Variables in Model 1 3 4 5

Hearing loss =30 dB

Adjusted odds ratio 1.9 1.9 25 2.3

95% Confidence interval (1.1-3.3) (1.0-3.3) {1.1-3.3) (1.3-4.9) (1.1-5.2)
Family history of dementia X* X*
Diagnosis of depression e X*
=3 Prescription drugs X* . X*
Source of primary care X* X*

*X indicates variable included in model.

Table 5.—Risk of Dementia at Various Levels of Hearing Loss

Hearing Loss, dB Adjusted Odds Ratio* 95% Confidence Interval
Mild (20-29) 1.5 0.4-54
Moderate (30-39) 22 0.6-7.8
Moderate/severe (=40) 4.1 1.1-15.8

*Odds ratio was adjusted for family history of dementia, depression diagnosis, number of prescription medications,
and source of primary care. Reference odds ratio for normal hearing {<20-dB loss}) is 1.0. Trend of increasing risk
of dementia for increasing level of hearing loss is statistically significant (P<.05).

loss and dementia existed, we divided
the study population into four strata of
hearing loss (<20, 20 to 29, 30 to 39, and
>40 dB HL), which closely approximat-
ed the quartiles of hearing loss within
the population. After adjusting for po-
tentially confounding variables, we
found that the risk of dementia signifi-
cantly increased as a function of hearing
loss (Table 5). Although the risk of de-
mentia was inereased for mild (20 to 29
dB) and moderate (30 to 39 dB) hearing
loss, it was statistically significant only
for moderate/severe (>40 dB) hearing
loss.

Association of Amount

of Hearing Loss to Severity
of Cognitive Dysfunction
Among Cases and Controis

The amount of hearing loss was signif-
icantly correlated with the severity of
cognitive dysfunction in both demented
and nondemented patients in univariate
analyses (r=.26 [P<.01] for demented
patients; r=.29 [P<.01] for nonde-
mented patients). These associations
remained statistically significant when
controlled for potential confounders in-
cluding age, education, sex, medication
use, and depression (P<.05 in both de-
mented and nondemented patients).

COMMENT

This study was designed to test the
hypothesis that hearing impairment
contributes to cognitive dysfunction in
older adults. In our study population,
we found that hearing impairment was
morve prevalent in demented than non-
demented patients and that the risk of
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dementia increased with progressively
greater amounts of hearing loss. In ad-
dition, hearing loss was correlated with
poorer cognitive functioning in nonde-
mented as well as demented patients.
These associations were statistically
significant even after controlling for po-
tential confounders. Thus, the findings
of this study lend support to the hypoth-
esis that hearing impairment contrib-
utes to cognitive dysfunction in older
adults.

If hearing impairment does contrib-
ute to cognitive dysfunction, we do not
wish to imply that it might “cause” Alz-
heimer’s disease in a pathophysiological
sense; rather, hearing impairment
would probably expose or exacerbate
the symptoms of dementia, thereby
promoting its diagnosis® or resulting in
so-called excess disability.” For exam-
ple, hearing loss may reduce the input of
environmental stimuli and information
and, as aresult, directly decrease orien-
tation. This effect could be compounded
in individuals whose hearing impair-
ment causes social isolation.” In addi-
tion, hearing impairment is thought to
predispose an individual to depres-
sion,” which itself may impair cognitive
functioning.”

Several other mechanisms might ex-
plain the relationships we observed.
First, hearing impairment could lower
measured performance as an artifact of
administering the cognitive test verbal-
ly,” resulting in false diagnoses of de-
mentia and underestimation of cogni-
tive functioning. Since the diagnoses of
Alzheimer’s disease in our study pa-
tients were clinically and not pathologi-
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cally derived, it is impossible to deter-
mine if some cases were falsely
diagnosed. However, given the accura-
cy of current clinical diagnostic criteria
for Alzheimer’s disease,™” it seems un-
likely that a large proportion of patients
would be falsely diagnosed in this man-
ner. In our study, the MMSE was ad-
ministered by seasoned clinicians who
were sensitized to potential testing bias
due to hearing impairment. If such a
bias occurred under these circum-
stances, auditory mental status artifact
must be insidious and pervasive in
clinical practice and research. More-
over, we have previously shown in a
subset of these patients that hearing-
impaired patients do not achieve higher
scores on a written MMSE than they do
on the standard, verbally administered
MMSE.? Thus, confounding of mental
status testing by hearing impairment is
a very unlikely explanation for the find-
ings of this study.

Second, a selection bias could have
contributed to these findings if hearing-
impaired cases were proportionately
more likely to participate than hearing-
impaired controls. We cannot directly
rule out a bias of this nature since the
auditory status of nonparticipants is un-
known; however, participants and non-
participants were very similar demo-
graphically. Most important, a bias of
this nature would not explain the corre-
lation of hearing loss and cognitive dys-
function that was observed separately
within case and control cohorts. Selec-
tion bias could also have influenced
these results if hearing loss varied as a
function of the different referral pat-
terns of cases, most of whom were re-
cruited from a specialty clinic, and con-
trols, most of whom were recruited
from a primary care clinic. Multivariate
analyses in which we adjusted for the
site of primary care, however, indicated
that the relative odds of hearing impair-
ment for dementia actually increased
after controlling for this variable.

Third, since Alzheimer’s disease ap-
pears to affect cortical and other central
structures involved in processing audi-
tory stimuli,®* it might also involve pe-
ripheral structures, such as the cochlea,
whose function is reflected in the test of
auditory sensitivity that we employed.
This mechanism, however, would not
seem to explain the age-independent re-
lationship observed between hearing
impairment and cognitive dysfunction
in nondemented patients.

These results indicate that clinicians
need to be especially alert for the pres-
ence of hearing impairment in dement-
ed patients. Additional studies are
needed to define further the pathophys-
iological and clinical implications of
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these results. In particular, the audi-
tory neuropathology and neurophysiol-
ogy of Alzheimer’s disease need to be
better characterized, especially in pe-
ripheral structures that affect auditory
sensitivity. The relationship of hearing
impairment to cognitive functioning in
non-Alzheimers-type dementias also
needs to be determined. Finally, clinical
trials of hearing aids in hearing-im-
paired patients, both demented and
nondemented, would help determine
whether hearing impairment is causally
related to cognitive dysfunction. Such
studies would have important implica-
tions for treatment as well.

Our data suggest that hearing impair-
ment may be an important risk factor
for having dementia and cognitive dys-
function. If so, correction of hearing im-
pairment would not “prevent” the
pathophysiological progression of de-
mentia, but it could potentially amelio-
rate the symptoms of dementia. This
would make the correction of hearing
impairment a promising opportunity for
the treatment of cognitive dysfunction
in elderly persons, particularly since
there currently are no means of altering
the pathophysiological progression of
common dementias such as Alzheimer’s
disease.
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