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Abstract

Objective. Comorbidities complicate our understanding of impairments and their risk factors. The objective of the current study was to assess
the comorbidity between hearing impairment (HI) and memory impairment (MI) in older Americans and to assess to what extent they share
common risk factors.

Method. Data were examined from 5252 participants aged 65 years or older from the Third National Health and Nutrition Examination Survey
(1988–1994).

Results. The prevalence of HI and MI was 21.4 (SE 0.8)% and 8.3 (0.6)%, respectively, but the prevalence of concurrent impairment was only
2.1 (0.2)%. African Americans had higher odds of MI than whites (OR=3.75, 95% CI: 2.81, 5.00), but not of HI (OR=0.62, 95% CI: 0.42, 0.91).
Leisure physical activity was associated with lower odds of MI, good lung function was associated with lower odds of HI, and moderate alcohol
use was associated with lower odds of both HI and MI. Compared with individuals free of HI, the OR of MI was 1.07 (95% CI: 0.78, 1.47) for
individuals with HI.

Conclusion. Although prevalence was relatively high, comorbidity was surprisingly low, and the two impairments were not significantly
associated. In addition to age, other factors appear to play critical but different roles in the development of these impairments.
© 2006 Elsevier Inc. All rights reserved.
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Introduction

Bothmemory and hearing impairment aremajor public health
problems. It is estimated that 22 million Americans currently
have impaired hearing (Yueh et al., 2003), and verbal memory
impairment is one of the strongest predictors for the develop-
ment of dementia or Alzheimer's disease (Howieson et al.,
1997). Individuals having these impairments are more likely to
report symptoms of depression, dissatisfaction with life, reduced
functional health, and withdrawal from social activities (Straw-
bridge et al., 2000; Rockwood et al., 2002).

Health-impacting behaviors and their related outcomes are
frequently studied among persons having only one particular
diagnosis. However, comorbidities that might complicate our
understanding of risk patterns are often present (Nothwehr and
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Perkins, 2002). There may also be interactions between
impairments—one impairment might lead to another by making
an individual more vulnerable and more isolated emotionally,
physically, and socially. Studies of comorbidity between major
impairments and related risk factors may be important in eluci-
dating these complex relationships, which could in turn lead to
more effective interventions.

Memory loss has long been considered a natural aspect of
aging. Also, the most common cause of sensorineural hearing
loss, presbicusis, is age-related. Indeed, links between impaired
hearing and poor memory in older individuals have prompted
the hypothesis that the increased effort expended to hear reduces
the resources available for memory (e.g., McCoy et al., 2005).
Despite this, the comorbidity between these impairments is
rarely examined. Furthermore, the extent to which they share
risk factors is rarely considered. If aging is accountable for both
memory loss and hearing loss, then the comorbidity between
these two conditions should be high; with advanced age as the
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Table 1
General characteristics of the weighted study population, 5252 US adults aged
65 and older, NHANES III, 1988–1994

Characteristics N a (unweighted
sample size)

% (SE) of
weighted
population

Gender, male 2445 42.1 (0.9)
Ethnicity, white 4216 89.9 (0.8)
Income, below 130% of poverty line 1509 23.0 (1.4)
Education, below high school 2772 45.0 (1.8)
Job, blue collar b 2137 40.5 (1.4)
Smoking status, no 3995 73.7 (0.9)
Leisure-time physical activity, no 4089 70.1 (1.3)
Chronic disease conditions c, yes 3222 60.1 (1.0)
General health status, poor 211 4.2 (0.5)
Energy % from fat, ≥30% 2380 60.6 (1.3)
Serum total cholesterol, ≥200mg/dL d 2779 68.1 (1.2)
High density lipoprotein cholesterol,
<40mg/dL d

957 23.4 (1.4)

Memory impairment, yes e 626 8.3 (0.6)
Hearing impairment, yes e 1385 21.4 (0.8)
Concurrent impairment of hearing
and memory, yes e

213 2.1 (0.2)

Abbreviation: NHANES III, the Third National Health and Nutrition Examina-
tion Survey; SE, standard error.
a The weighted study population was 30million.
b Including cleaning and building service occupations; personal service

occupations; farm operators; vehicle and mobile equipment mechanics and
repairers; textile, apparel, and furnishings machine operators; motor vehicle
operators; other transportation and material moving occupations; etc.
c Including diabetes, hypertension, cardiovascular disease, respiratory diseases

and cancers.
d The concentrations at or above the desirable (total cholesterol), optimal (low

density lipoprotein cholesterol), or low (high density lipoprotein cholesterol)
levels recommended by National Cholesterol Education Program were
categorized as high. The same cut-points were employed for both genders.
e Included are the subjects whowere defined as having concurrent impairment.
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dominant common risk factor. Using data from the Third
National Health and Nutrition Examination Survey (NHANES
III), we examined the comorbidity between severe hearing and
verbal memory impairment and assessed to what extent they
share common risk factors.

Methods

Study population

The Third National Health and Nutrition Examination Survey is a cross-
sectional survey of the US non-institutionalized civilian population, conducted
from 1988 to 1994. Detailed descriptions of the survey have been published
elsewhere (Gunter et al., 1996; National Center for Health Statistics, 1996). A
total of 5252 participants aged 65 years or older were sampled for the House-
hold Adult Interview. Among them, 5244 had valid information for hearing
assessment and 4086 had valid information for memory assessment. The size of
the population for each analysis varied slightly because of missing data.

Impairment assessment and group assignment

Hearing assessment
The sample person was identified as hearing impaired if (a) the household

proxy respondent or the sampled person affirmatively answered either of these
two questions “Do you use a hearing aid (yes/no)?”, “Do you have trouble
hearing even when wearing your hearing aid (yes/no)?” or (b) the interviewer
observed that the sampled person was suffering from “hearing impairment (e.g.,
the sampled person was wearing hearing aids or unable to understand con-
versation in a normal noise background, yes/no).” Self-reported measures of HI
have been found to have acceptable validity relative to pure-tone audiometry
(Sindhusake et al., 2001). However, because lower sensitivity in identifying HI
has been reported for single questions (Gomez et al., 2001), the current study
used the two-test parallel combination above with the expectation that it may
result in improved sensitivity. The operational definition of HI in the current
study should be sufficient to identify individuals having a functional hearing loss
severe enough to interfere with daily communication.

Memory assessment
Participants were administered two delayed-recall tests. During the in-home

interview, the participants were asked to repeat three words. After performing
another task, they recalled thewords andwere assigned a score from zero to three,
corresponding to the number of items recalled. The second test took place in a
mobile examination center. The participants were read a short story and, after a
few minutes, asked to repeat as much of the story as they could. One point was
awarded for each of six pre-defined components. Both of these tests came from
the National Center for Health Statistics (1996) and were employed and
described by Perkins et al. (1999) in their assessment of memory. The cutoff for
memory impairment employed by Perkins et al. (1999) was also used—results
from the tests were combined to yield a score from zero to nine, and MI was
defined as a score of three or less. Studies employing this cutoff have been shown
to compare well to those employing other measures (Perkins et al., 1999).

Group assignment
For prevalence descriptions, samples were classified into three groups: with

hearing impairment (HI), with memory impairment (MI), and with concurrent
impairment of hearing and memory (HMI). It should be noted that HMI was the
overlap between HI and MI. However, for logistic regression, samples were
classified into four exclusive groups: HI only, MI only, HMI, and a group free of
impairment.

Risk factors and correlates

An array of factors have been identified as risks for HI and MI, including
social–cultural, environmental, and genetic factors, as well as physical illnesses,
such as Ménière's disease for HI and Alzheimer's disease for MI. There is a
growing consensus that both HI and MI are strongly associated with car-
diovascular diseases and other factors that may be preventable or modifiable
(Howieson et al., 1997; Yueh et al., 2003). Based on the literature and data
available from the NHANES III, we selected the following factors or correlates to
examine. A poverty index ratio (PIR) was established between the midpoint of
the income category (accounting for family size) and the federal poverty line
(PIR=1). Income status was defined as low, middle (1.30<PIR≤3.00), or high.
Participant's previous or current job was used as the surrogate for occupational
exposure. Blue collar occupations are indicated in Table 1, and others were
defined as white collar. Serum cholesterol was categorized into high or low
(National Cholesterol Education Program, 2001). Fewer than two leisure-time
physical activities reported in the past month resulted in a classification of
inactive. Heavy alcohol drinkers reported consuming five or more drinks on a
typical drinking day, and moderate drinkers reported consuming one to four
drinks. Current and former smokers were identified. Hypertensionwas defined as
systolic blood pressure ≥150 mm Hg, diastolic blood pressure ≥95 mm Hg, or
taking medication for hypertension. The sampled person also provided a history
of major chronic disease. General health status was determined by physicians'
overall impression and defined as poor/fair or good/excellent. Spirometry was
employed that met American Thoracic Society (ATS) recommendations (Gunter
et al., 1996; National Center for Health Statistics, 1996). Forced expiratory
volume at 1.0 s (FEV1) wasmeasured. Total cholesterol intake and the percentage
of energy from total fat and saturated fat were collected using a 24-hour dietary
recall. These were categorized as within or above recommended levels (USDA
and US DHHS, 2002).

Covariates

Covariates included serum trace elements and vitamins. Those selected were
serum folic acid, iron, lead, selenium, and vitamins B12, C, A, and E. The
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variables in this group were categorized into three levels based on gender-
specific distributions: below 25th percentile, between 25th and 75th percentile,
and at or above 75th percentile of the respective distribution.

Statistical analysis

SUDAAN software (SAS-callable version, 9.0, Research Triangle Park, NC)
with appropriate weighting and nesting variables was used. The weighted
percentages were calculated to yield prevalence of MI, HI, and HMI. The odds of
MI only, HI only, and HMI were calculated across selected risk factors using a
polytomous logistic regression model with a four-level variable of impairment
(free of impairment, HI, MI, and HMI) as the dependent variable. Participants
free of impairment served as controls. Contrasts were made between the controls
and the group with HI only, between the controls and the group withMI only, and
between the controls and the group with HMI. Wald tests with p value of 0.05
(two-sided) were used to determine whether the odds of impairments among
those with risk factors differed significantly from those without the risk factors.
The HI group was also used as the reference level in the logistic model to test
whether the association identified from previous steps differed statistically
between the HI and MI groups. Finally, we examined the association between HI
andMI using normal logistic regressionwith HI as one risk factor forMI and vice
versa. The effect of age on the association between HI and MI was also assessed.
Results

The mean age of the weighed study population was 73.7 (SE
0.2) years. Most were female, white, nonsmokers, and inactive
(Table 1). The prevalence of MI and HI was 8.3% and 21.4%,
Table 2
Weighted proportion (%) and age–gender adjusted ORs of memory, hearing, and co
aged 65 and older, NHANES III, 1988–1994

Variable or risk
factor

Strata of
variable

Concurrent impairment

Proportion (SE) OR 95% CI

Age (years) 80+ 4.97 (0.62) 29.53 14.36, 60.69
70–79 0.59 (0.22) 2.37 1.01, 5.58
65–69 0.32 (0.16) 1.00

Gender Men 1.87 (0.31) 2.85 2.09, 3.89
Women 1.04 (0.15) 1.00

Ethnicity Black 1.91 (0.48) 3.65 2.23, 5.97
Others 1.24 (0.83) 1.02 0.33, 3.19
White 1.34 (0.19) 1.00

Education Below HS 2.55 (0.39) 4.33 2.41, 7.79
At or above HS 0.40 (0.11) 1.00

Cigarette smoking Former 1.68 (0.51) 1.64 1.09, 2.44
Current 0.83 (0.40) 1.18 0.55, 2.51
Non-smoker 1.43 (0.17) 1.00

Alcohol drinking Heavy 3.21 (2.07) 2.37 0.83, 6.83
Moderate 0.78 (0.32) 0.45 0.22, 0.89
Non-drinker 1.54 (0.20) 1.00

Leisure-time physical
activity

No 1.82 (0.25) 4.87 2.62, 9.01
Yes 0.37 (0.11) 1.00

Chronic disease
condition a

Yes 2.39 (0.30) 1.65 1.18, 2.30
No 1.56 (0.18) 1.00

General health Poor 4.54 (0.78) 4.00 2.19, 7.31
Status b Good 2.80 (0.31) 1.94 1.24, 3.04

Very good 1.26 (0.27) 1.00
FEV1 Low 2.43 (0.31) 1.61 0.80, 3.23

High c 0.92 (0.31) 1.00

Abbreviation: NHANES III, the Third National Health And Nutrition Examination
impairment; HI, hearing impairment; HMI, concurrent impairment of hearing and m
a Including diabetes, hypertension, cardiovascular disease, respiratory diseases, a
b Physician's overall impression of individuals.
c At or above the 75th percentile of the FEV1 distribution.
respectively. However, the comorbidity between HI and MI was
relatively low. Among 4473 individuals having valid data for
both hearing and memory assessment, only 213 had concurrent
impairment (2.1%).

The odds for all three impairments increased sharply with
age (Table 2). The ORs of MI and HI were in the range of seven
for individuals in their 80s relative to those aged 65–69.
However, the OR of concurrent impairment was much higher
across the same age span, at 29.53. African Americans had
significantly higher odds of MI, but not of HI. Former smokers
had lower odds of MI, but higher odds of HI. Moderate drinking
appeared to be protective against both MI and HI, and also the
presence of concurrent impairment.

After adjustment for significant covariates, some associations
between demographic indicators, risk factors, or health status
were either reduced or eliminated (Table 3). Few factors
remained significant for concurrent impairment, perhaps
because the number of affected individuals was relatively
small. However, age, gender, and race remained as strong factors
associated with all three impairments. A history of major chronic
illness, overall health status, and lung function were associated
with HI, but not with MI. The associations between four
demographic/risk factors (ethnicity, education, smoking, and
physical activity) and HI differed significantly from those
associations with MI (see the rightmost column of Table 3). No
ncurrent impairment by demographic variables and risk factors, 5252 US adults

Memory impairment Hearing impairment

Proportion (SE) OR 95% CI Proportion (SE) OR 95% CI

20.70 (1.76) 7.28 4.73, 11.22 40.65 (1.39) 7.36 5.45, 9.93
6.95 (0.91) 2.20 1.31, 3.70 19.85 (1.14) 2.14 1.61, 2.84
3.75 (0.73) 1.00 11.57 (1.22) 1.00
9.84 (0.90) 1.81 1.31, 2.49 26.48 (1.35) 1.96 1.51, 2.55
7.16 (0.67) 1.00 17.65 (0.96) 1.00
25.63 (2.10) 5.71 4.43, 7.37 15.25 (4.55) 0.81 0.59, 1.12
6.56 (2.85) 0.86 0.32, 2.33 16.08 (1.65) 0.82 0.32, 2.09
6.86 (0.57) 1.00 21.98 (0.81) 1.00
13.52 (1.03) 3.25 2.30, 4.60 24.56 (1.40) 1.35 1.10, 1.64
3.84 (0.50) 1.00 18.44 (0.89) 1.00
6.53 (1.00) 0.62 0.41, 0.96 30.24 (1.99) 1.77 1.35, 2.34
8.32 (1.67) 1.39 0.86, 2.25 17.47 (2.06) 1.16 0.84, 1.60
8.67 (0.59) 1.00 20.40 (0.83) 1.00
14.18 (4.08) 1.67 0.71, 3.90 27.99 (6.95) 1.13 0.49, 2.58
3.80 (0.70) 0.33 0.20, 0.54 17.89 (1.53) 0.58 0.46, 0.74
10.06 (0.74) 1.00 22.33 (0.87) 1.00
10.84 (0.76) 3.18 2.15, 4.70 22.94 (0.91) 1.31 1.04, 1.65
2.99 (0.51) 1.00 17.57 (1.39) 1.00
9.01 (0.47) 1.34 1.07, 1.68 10.86 (0.73) 1.79 1.38, 2.31
7.34 (0.43) 1.00 6.30 (0.60) 1.00
16.55 (2.19) 3.02 1.79, 5.09 19.39 (3.52) 3.27 1.84, 5.83
9.33 (0.49) 1.45 0.99, 2.13 9.56 (0.70) 1.41 1.10, 1.79
5.61 (0.61) 1.00 6.35 (0.75) 1.00
9.02 (0.78) 2.11 1.26, 3.55 22.75 (0.87) 1.58 1.20, 2.08
3.54 (0.67) 1.00 12.59 (1.36) 1.00

Survey; OR, odds ratio; CI, confidence interval; HS, high school; MI, memory
emory; FEV1, forced expiratory volume at 1.0 s.
nd cancers.



Table 3
Multivariate adjusted ORs of risk factors for memory, hearing, and concurrent impairment, 5252 US adults aged 65 and older, NHANES III, 1988–1994 a

Variable or risk factor Strata of variable HMI (n=213) MI only (n=413) HI only (n=1172) p value for contrast between

OR 95%CI OR 95%CI OR 95%CI HI and MI

Age (years) 80+ 19.04 8.12, 44.66 5.64 3.01, 10.58 4.88 3.61, 7.11 0.7914
70–79 1.86 0.72, 4.80 2.13 1.09, 4.11 2.09 1.62, 2.71 0.9661
65–69 1.00 1.00 1.00

Gender Men 3.32 1.99, 5.64 2.35 1.55, 3.54 2.17 1.55, 3.03 0.7445
Women 1.00 1.00 1.00

Ethnicity Black 1.86 1.07, 3.38 3.75 2.81, 5.00 0.62 0.42, 0.91 <0.0001
Others 0.99 0.28, 3.54 0.37 0.06, 1.66 0.78 0.29, 2.08 0.3049
White 1.00 1.00 1.00

Education Below HS 3.13 1.69, 5.80 2.29 1.34, 3.60 1.12 0.85, 1.46 0.0175
At or above HS 1.00 1.00 1.00

Cigarette smoking Former 1.79 0.93, 3.43 0.51 0.26, 1.11 1.49 1.01, 2.20 0.0019
Current 1.26 0.43, 3.73 1.27 0.67, 2.41 0.98 0.60, 1.59 0.4765
Non-smoker 1.00 1.00 1.00

Alcohol drinking Heavy 2.07 0.62, 10.26 1.85 0.70, 4.88 1.38 0.53, 3.58 0.5847
Moderate 0.79 0.34, 1.81 0.48 0.24, 0.98 0.85 0.64, 1.13 0.0734
Non-drinker 1.00 1.00 1.00

Physical activity b No 3.28 1.66, 6.46 2.30 1.47, 3.60 1.11 0.83, 1.48 0.0108
Yes 1.00 1.00 1.00

Chronic disease c Yes 1.34 0.84, 2.14 0.92 0.61, 1.39 1.36 1.01, 1.82 0.1320
No 1.00 1.00 1.00

General health status d Poor 1.22 0.44, 3.41 1.42 0.63, 3.24 1.96 1.03, 3.24 0.4827
Good 1.20 0.76, 1.91 1.12 0.72, 1.73 0.98 0.76, 1.25 0.6126
Very good 1.00 1.00 1.00

FEV1 High e 1.06 0.47, 2.36 1.32 0.79, 2.20 1.40 1.04, 1.89 0.8363
Low 1.00 1.00 1.00 1.00

Abbreviation: NHANES III, The Third National Health And Nutrition Examination Survey; HMI, concurrent impairment of hearing and memory; MI, memory
impairment; HI, hearing impairment; OR, odds ratio; CI, confidence interval; HS, high school; FEV1, forced expiratory volume at 1.0s.
a The terms of the final polytomous logistic regression model included age (years), gender, education (categorized), race, serum vitamin E, observed health status,

presence of major chronic disease, leisure-time physical activity, smoking, and FEV1.
b In the last month.
c Including diabetes, hypertension, cardiovascular disease, respiratory diseases, and cancers.
d Based on physicians' overall impression.
e At or above the 75th percentile of the FEV1 distribution.
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significant association was obtained in a separate multivariable
logistic regression model examining the association between HI
and MI. The OR of MI was 1.07 (95% CI: 0.78, 1.47) for
individuals with HI if individuals without HI were used as the
reference, and this effect was not modified by age.

Discussion

In a national sample aged 65 years or older, we observed
relatively high prevalence of moderate to severe HI and MI. The
HI prevalence was higher than that in persons described as
having “a lot of trouble” hearing or being “deaf” in the 1990–
1991 National Health Interview Survey (Ries, 1994), perhaps
due to the current use of a combination of multiple questions
having high sensitivity. The MI prevalence estimated here was
consistent with that observed in the 1998 Health and Retirement
Study (Federal Interagency Forum, 2005).

However, comorbidity between these two conditions was
quite low. There was no significant association between HI and
MI, and one condition did not increase the odds of having the
other. An overall decline in cognition and physical condition is
commonly regarded as a natural consequence of aging. How-
ever, the current results indicate that factors other than aging
itself, such as genetic and environmental factors, might play
critical but different roles in the development of these
impairments (Fransen et al., 2003). Although resource allocation
views suggest that the increased effort necessitated by a hearing
impairment reduces cognitive resources available for memory
(e.g., McCoy et al., 2005), the low comorbidity observed here
for more severe impairments suggests that they may be related
more to distinct physiological deficits than to processing
limitations.

Good lung function was associated with lower odds of severe
HI. Although an association between diseased lungs and
hearing loss was observed in a national screening program
(The Associated Press, 2004), to our knowledge, the current
study is the first to report this association in a formal epide-
miological investigation. Poor lung function is commonly
associated with chronic obstructive pulmonary disease (COPD),
which can affect nutritional status, muscle wasting, and mental
state (Anto et al., 2001; Ryu and Scanlon, 2001). The current
study suggests that lung function might also affect hearing.
The concurrent increases in the prevalence of both COPD
(Mannino, 2002) and hearing impairment (Wallhagen et al.,
1997) over the past few decades (Reuben et al., 1998) may merit
further investigation.
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It seemed reasonable to hypothesize that the association
between HI and poor lung function may be due to FEV1's
correlation with smoking, blood antioxidants, and physical
activity. However, the inclusion of these factors did not change
the estimate of FEV1. Poor lung function may result in reduced
delivery of glucose and oxygen to the cochlea, where hearing
loss in the elderly primarily occurs (Schuknecht and Gacek,
1993). The cochlea is highly vascularized, but it is supported by
only a single artery that lacks compensation when the delivery
of glucose and oxygen is insufficient. It is unclear why lung
function is associated with HI but not MI, although angiological
compensation for chronic blood insufficiency differs between
the cochlea and the neural structures associated with memory.

The association between traditional CVD risk factors and HI
has been long recognized (Rosen and Olin, 1965). These factors
may also pose a risk for cognitive decline, including memory
loss. In accord with previous studies (Wallhagen et al., 1997;
Espeland et al., 2005; Stampfer et al., 2005), physical activity
and smoking were associated with HI and MI, respectively, and
moderate alcohol drinking was protective against both. How-
ever, in contrast to other studies (Friedrich and Pilger, 1981;
Gates et al., 1993; Lee et al., 1998; Suzuki et al., 2000), signi-
ficant associations between impairment and serum lipids, dietary
cholesterol, and fat intakes were not observed. As individuals get
older, contributions from the well-established risk factors may
potentially diminish and the role of genetic predisposition or
other less-established factors may increase. Alternatively, the
inclusion of major disease in the regression model may have
eliminated the association between CVD risk factors and impair-
ment due to strong associations between these risk factors and
the various diseases.

Study limitations

These NHANES III findings may reflect a biologic process or
may have resulted from reverse causality and/or confounding
not adequately addressed in the cross-sectional design. Because
a non-institutionalized population was examined, the analysis
was constrained by the exclusion of institutionalized individuals,
who may have the most disabling physical or cognitive dys-
functions. Furthermore, control for the neuropharmacologic
action of recently taken prescription medications was not pos-
sible. Finally, comorbidity may be a function of the criteria used
to define impairments as mild impairments may appear more
concomitantly. However, we performed several exploratory
analyses using different combinations of hearing questions and
different cutoffs for the memory tests and found comorbidity to
remain low (1 to 3%).

Conclusions

Using a nationally representative survey, we found that the
prevalence of severe memory impairment and hearing impair-
ment was relatively high among elderly Americans. However,
comorbidity between these impairments was quite low and the
two impairments were not associated significantly. Although
common risk factors such as aging exist, other factors appear to
play critical but different roles in the development of these
impairments.
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