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OBJECTIVES: To investigate the association between
hearing loss, hearing aid use, and cognitive decline.
DESIGN: Prospective population-based study.
SETTING: Data gathered from the Personnes Agees
QUID study, a cohort study begun in 1989–90.
PARTICIPANTS: Individuals aged 65 and older
(N = 3,670).
MEASUREMENTS: At baseline, hearing loss was determined using a questionnaire assessing self-perceived hearing loss; 137 subjects reported major hearing loss, 1,139
reported moderate problems (difficulty following the conversation when several persons talk at the same time or in
a noisy background), and 2,394 reported no hearing trouble. Cognitive decline was measured using the Mini-Mental State Examination (MMSE), administered at follow-up
visits over 25 years.
RESULTS: Self-reported hearing loss was significantly
associated with lower baseline MMSE score (b = 0.69,
P < .001) and greater decline during the 25-year follow-up
period (b = 0.04, P = .01) independent of age, sex, and
education. A difference in the rate of change in MMSE
score over the 25-year follow-up was observed between
participants with hearing loss not using hearing aids and
controls (b = 0.06, P < .001). In contrast, subjects with
hearing loss using a hearing aid had no difference in cognitive decline (b = 0.07, P = .08) from controls.
CONCLUSION: Self-reported hearing loss is associated
with accelerated cognitive decline in older adults; hearing
aid use attenuates such decline. J Am Geriatr Soc
63:2099–2104, 2015.
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earing loss is the third most common chronic health
condition affecting older adults. Approximately 30%
of individuals aged 65 and older have some degree of hearing loss, with estimates ranging from 70% to 90% of
those aged 85 and older.1,2 Individuals with hearing loss
often experience depressive symptoms and social isolation.3–7 There is also evidence that older adults with hearing loss have poorer cognitive performance.8–13 Two
longitudinal studies showed an association between hearing loss and cognitive decline over 6 years of followup.14,15 In particular, the Health, Aging and Body Composition (Health ABC) Study, conducted in a sample of
1,984 community-dwelling individuals aged 70 to 79
showed that hearing loss measured using audiometric testing was independently associated with accelerated cognitive decline and incident cognitive impairment during the
6 years of follow-up.15
Despite its high prevalence and consequences for
health outcomes, hearing loss is largely underdiagnosed
and thus undertreated.16 Almost two-thirds of older
adults with hearing impairment do not use hearing
aids.17 Little is known about the effect of hearing aids
on health outcomes in older adults, in particular cognitive decline. In one study,15 hearing aid use was associated with slightly lower rates of cognitive decline and
risk of incident cognitive impairment in individuals with
hearing loss, but the results were not statistically significant, possibly because of the short follow-up and lack
of statistical power. In the other longitudinal study,14
because of small sample size, the association between
hearing aid use and cognitive decline could not be properly examined.
With the ongoing follow-up of the Personnes Agees
QUID (PAQUID) cohort specifically designed to study
brain aging, the 25-year follow-up of the cohort was used
to assess the relationship between hearing loss and longterm age-related cognitive decline. Using self-reported measure of hearing loss, the association between hearing loss
and cognitive trajectories over 25 years was investigated in
a community-based cohort of older adults, and the trajec-
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tories of those using hearing aids were compared with trajectories of those who were not.

lowing conversations in a noisy background or multiple
conversations, and no hearing trouble.

METHODS

Statistical Analysis

Study Population and Protocol
PAQUID is a French epidemiological study of a sample of
elderly participants randomly selected from the general
population using electoral rolls. Three thousand seven hundred seventy-seven community-dwelling individuals aged
65 and older were included at baseline.18 Ethics committee
of Bordeaux University Hospital approved the study, and
all participants provided written informed consent to participate. Subjects were evaluated at home at the initial visit
and at 1, 3, 5, 8, 10, 13, 15, 17, 20, 22, and 25 years.
Each visit included a neuropsychological evaluation and a
criteria checklist for dementia diagnosis completed by a
psychologist. Individuals who met these criteria saw a neurologist, who confirmed or rejected the diagnosis according
to current standards. Finally, an independent panel of
specialized neurologists reviewed the diagnosis.
At each follow-up visit, tests and scales of cognitive
performance, cognitive complaints, functional ability, and
depressive symptomatology were administered to participants. The Mini-Mental State Examination (MMSE)19 was
used as an index of global cognitive performance. Instrumental activities of daily living (IADLs)20 were assessed
using the French version of the Lawton scale. Four of the
eight IADLs shown to be associated with cognitive performance and not influenced by sex were used for this study
(telephone use, transportation, medication, domestic
finances). Participants were considered dependent in each
of these activities if they could not perform the activity at
the highest level of performance. The IADL score was the
number of IADLs in which the subject was considered to
be dependent (range 0–4).21 Depressive symptomatology
was assessed using the Center for Epidemiologic Studies
Depression Scale.22 Information on psychotropic drug use,
information regarding social network (number of visits,
living situation, satisfaction with relationships) was also
collected during the interview.

Baseline characteristics of participants were compared
using chi-square tests, analyses of variance, and mean
comparisons as appropriate. P < .05 was considered statistically significant. The association between hearing loss
and hearing aid use and decline in MMSE score over the
25-year follow-up period was assessed using a linear
mixed-effect model,23 which is designed to analyze longitudinal data. Intrasubject correlation is modeled using a subject-specific random intercept and a subject-specific
random slope with an unstructured covariance matrix.
This model offers the advantage of taking into account
multiple observations within a subject and intrasubject
correlation. It also allows for adjustment of numerous
potential confounding variables.
In the first step, only one interaction term, between
hearing impairment and time (age used as time-variable),
was included in the model, to assess the effect of hearing
loss at baseline on cognitive decline (Model 1). In a second
model, a variable was constructed taking into account the
presence of hearing aids, providing three categories of participants: no hearing loss, hearing loss and no hearing aid,
hearing loss with a hearing aid. This model (Model 2)
assessed the effect of hearing aids on further cognitive
decline using an interaction term between the previously
defined variable and the time variable. These two models
were controlled for age, sex, and educational level (defined
as no formal education vs primary school certificate or
higher). Finally, the third statistical model (Model 3) was
adjusted for depressive symptomatology measured using
the Center for Epidemiologic Studies Depression Scale
(cut-off score of 23 for women and 17 for men), social
network variables (number of visits, living situation, satisfaction with relationships), comorbidities, IADL dependency, psychotropic drug consumption (antidepressants,
benzodiazepines, antipsychotics), and dementia.

RESULTS

Measures of Hearing Impairment and Hearing Aid Use

Participants

A short questionnaire assessing self-perceived hearing loss
was administered at baseline. Participants were asked, “Do
you have hearing trouble?” Possible responses were “I do
not have hearing trouble”; “I have trouble following the
conversation with two or more people talking at the same
time or in a noisy background”; and “I have major hearing loss.” Participants were also asked whether they had a
hearing aid.

There were 3,670 participants, of whom, at baseline, 137
(4%) reported major hearing loss, 1,139 (31%) reported
moderate hearing loss (trouble following a conversation
with two or more people talking at the same time or in a
noisy background), and 2,394 (65%) reported no hearing
trouble. For the study of cognitive decline, the analysis
was restricted to subjects for whom MMSE scores and
information on all relevant confounding variables were
available. In the successive analyses, there were 3,670 subjects for the first statistical model, 3,577 for the second
model (93 missing values regarding hearing aids), and
3,414 for the final model (163 missing values for confounding factors).
The baseline characteristics of the three groups are
presented in Table 1. Significant differences were observed
for nearly all variables. Subjects reporting hearing loss
were more likely to be male; were less educated; and had

Study Sample
All 3,777 members of the PAQUID cohort were eligible
for this analysis, with the exception of those with a diagnosis of dementia at the time of inclusion (n = 102) and
those who did not complete the questionnaire on hearing
loss (n = 5). The 3,670 eligible subjects were divided into
three groups: major degree of hearing loss, difficulties fol-
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Table 1. Baseline Characteristics of the Three Hearing Loss Groups
No Hearing
Loss,
n = 2,394

Characteristic

Age, mean  SD
Mini-Mental State Examination score, mean  SD
Female, n (%)
≥Primary school certificate, n (%)
Depressive symptomatology, n (%)
Psychotropic medication use, n (%)
≥1 Comorbidities, n (%)
Instrumental activity of daily living score, mean  SD
Living alone, n (%)
Satisfied with relationships, n (%)

73.8
26.1
1,499
1,617
244
875
906
0.4
988
1,943

 6.2
 3.2
(62.6)
(67.5)
(10.4)
(36.6)
(38.1)
 0.8
(41.3)
(82.9)

Self-Reported
Moderate
Hearing Loss,
n = 1,139

76.7
25.3
564
703
212
482
563
0.7
512
882

 7.0
 3.4
(49.5)
(61.7)
(19.1)
(42.3)
(49.7)
 1.1
(44.9)
(80.7)

Self-Reported
Major Hearing
Loss, n = 137

81.7
24.1
67
73
27
63
74
1.4
68
101

 7.7
 5.1
(48.9)
(53.3)
(21.4)
(42.3)
(54.0)
 1.4
(49.6)
(81.5)

Global
P-Value

P-Valuea

<.001b
<.001b
<.001d
<.001d
<.001d
<.001d
<.001d
<.001c
.03d
.30d

<.001c
.01c
.89d
.06d
.54d
.41d
.34d
<.001c
.30d
.84d

SD = standard deviation.
a
Comparison between subjects with major hearing loss and subjects with moderate hearing loss.
b
Analysis of variance: global comparison of the three groups.
c
Estimated using the t-test.
d
Estimated using the chi-square test.

higher depressive symptomatology, more comorbidities,
and a higher level of dependency than those without hearing impairment.
Compared to subjects reporting moderate degree of
hearing loss (i.e., those reporting difficulties tracking a
conversation when there is background noise or multiple
conversations), subjects reporting major hearing loss were
older (P < .001) and more dependent (P < .001) and had
lower MSSE scores (P = .01). No significant difference was
observed for the other variables. Therefore, for subsequent
analyses, only two groups were considered: a group without
hearing impairment and another group pooling subjects
reporting moderate and severe degrees of hearing loss.

Effect of Hearing Loss and Hearing Aids on Cognitive
Decline
Table 2 shows results of the first model assessing the association between hearing loss and cognitive decline. Hearing
loss was significantly associated with a lower score on
MMSE (P < .001) and greater cognitive decline during the

Table 2. Relationship Between Self-Reported Hearing
Loss and Change in Cognitive Score over the 25 Years
of the PAQUID Study Follow-Up
Variable

Time
Initial MMSE: self-reported
hearing loss (reference no
self-reported hearing loss)
MMSE decline self-reported
hearing loss 9 time (reference
no hearing loss 9 time)

b (Standard Error)
P-Value > |t|

0.16 (0.01) < .001
0.69 (0.11) < .001
0.04 (0.02) .01

Estimated from mixed-effect models adjusted for age, sex, and educational
level.

25-year follow-up period (P = .01) independently of age,
gender and educational level.
Table 3 shows the results of the models including
information regarding hearing aids. Of the 1,276 participants reporting hearing loss, 150 used hearing aids (89 of
those reporting moderate hearing loss, 61 of those with
severe loss). Model 2 examined the association between
hearing loss, hearing aid use, and cognitive decline,
adjusted for age, sex, and educational level. At baseline,
both groups reporting hearing loss (using and not using
hearing aids) had a lower MMSE score than the control
group (subjects without hearing trouble). A significant difference in the rate of change of MMSE score over the 25year follow-up period was observed between the group of
participants reporting hearing impairment and not using
hearing aids and the control group (b = 0.06, P < .001).
Figure 1 illustrates the evolution of MMSE scores in the
three groups. Subjects reporting hearing loss not using
hearing aids declined more rapidly on the MMSE than the
control group, with a mean difference of 0.06 points per
year (~1.5 points over the entire follow-up period). In contrast, subjects reporting hearing loss using a hearing aid
had no significant difference in cognitive decline from the
control group; the opposite trend (b = 0.07, P = .08) was
observed, which suggests that the absence of a significant
difference in the rate of cognitive decline for this group is
not simply due to lack of statistical power. Finally, Model
3 assessed the same relationship as Model 2, with additional adjustment on several psychoenvironmental factors
(depressive symptomatology, social network variables,
comorbidities, IADL dependency, psychotropic drug use,
dementia). After controlling for these factors, the difference in cognitive decline was no longer significant for any
of the groups reporting hearing loss (Table 3).

DISCUSSION
This study showed that self-reported hearing loss is independently associated with accelerated cognitive decline in
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Table 3. Relationship Between Self-Reported Hearing Loss, Hearing Aids, and Change in Cognitive Score over the
25 Years of the PAQUID Study Follow-Up
Model 2a
Variable

Time
Initial MMSE (reference no hearing loss)
Self-reported hearing loss without hearing aids
Self-reported hearing loss with hearing aids
MMSE decline (reference no hearing loss 9 time)
Self-reported hearing loss without hearing aids 9 time
Self-reported hearing loss with hearing aids 9 time

Model 3b
b (Standard Error) P-Value > |t|

0.15 (0.01) < .001

0.65 (0.03) < .001

0.68 (0.11) < .001
0.70 (0.25) .006

0.14 (0.22) .15
0.04 (0.22) .86

0.06 (0.02) < .001
0.07 (0.04) .08

0.01 (0.01) .46
0.05 (0.03) .08

MMSE = Mini-Mental State Examination.
a
Estimated from mixed-effect models adjusted for age, sex, and educational level.
b
Estimated from mixed-effects models adjusted for age, sex, educational level, depressive symptomatology, social network (number of visits, living situation, satisfaction with relationships), comorbidities, dependency, psychotropic consumption, dementia.

Figure 1. Estimated change in Mini-Mental State Examination (MMSE) score over 25 years of follow-up.

community-dwelling older adults. Prior research has found
an association between self-reported hearing loss and cognitive decline.14,15 With a larger sample and a longer follow-up period than prior studies, the current study
strongly reinforces the plausibility of such association.
The opposite statistical trend was observed in participants reporting hearing loss who used hearing aids. Contrary to participants who did not report using hearing
aids, cognitive decline of those wearing hearing aids was
not significantly different from that of controls. In other
words, elderly adults with hearing loss using hearing aids
had similar rates of cognitive decline as those with no
hearing impairment. Such a result had never been
reported. In the previous study,15 of 1,984 elderly adults
followed for 6 years, hearing aid use was associated with
slightly lower rates of cognitive decline in individuals
reporting hearing loss, although, probably because of low
statistical power, the results were not statistically significant.
Hearing loss has often been associated with depressive
symptoms and social isolation,3–7 which supports the
hypothesis that social isolation and depressive symptomatology may mediate the association between hearing loss

and cognitive decline. This hypothesis would be consistent
with the results of the third statistical model of the present
study. After controlling for numerous psychosocial variables such as depression, social network, and psychotropic
consumption, cognitive decline in individuals with hearing
impairment was no longer significantly different. This suggests that there is no direct effect of hearing loss on cognitive decline but rather that depressive symptoms and social
isolation mediate the association. Therefore, by at least
partially restoring communication abilities, hearing aids
may help improve mood, increase social interactions, and
enable participation in cognitively stimulating abilities and
consequently could slow cognitive decline.
The strength of this study is the exceptionally long follow-up of participants. Age-related cognitive decline is a
slowly evolving process, so unless the effect of a rehabilitative strategy is expected to be massive and immediate—
which is rarely the case—a short study follow-up is insufficient to assess strategies that may have a significant but
modest effect on cognitive decline. Such effect may be
appreciable only over a long period of time, which is probably the case with the effect of hearing aids on cognitive
decline. Another strength is that the study was performed
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in a large sample of community-dwelling older adults
randomly selected from the general population, allowing
reasonably good generalizability of the results.
Several limitations should be also underlined. The
first and probably most important is the observational
design of the study, which means that the results should
be interpreted with caution. Even though it was possible
to control numerous demographic and psychosocial variables measured in the PAQUID study, participants using
hearing aids could have differed from those not using
hearing aids in unmeasured factors. The question of
whether hearing rehabilitative strategies affect cognitive
decline could be addressed only in a randomized controlled trial. The second limitation is that the study relied
on a self-reported measure of hearing impairment; no
objective auditory measure was available. The measure
used was self-perceived hearing difficulty, which is far less
precise than an audiometric measure. Nonetheless, from a
practical point of view, such an inexpensive and easy-tocollect measure provides useful information on the possible consequences of hearing loss in elderly adults. In addition, numerous studies have shown that self-reported
hearing loss is highly correlated with audiometric measures in older adults.24–29 Nonetheless, such correlation is
still under debate, in particular for minimal degrees of
hearing loss. Another limitation is that hearing loss was
measured only at baseline, so information on the trajectory of hearing loss was unavailable. The last main limitation was that the study relied on information regarding
possession of hearing aids, whereas reporting having a
hearing aid does not necessarily mean that one uses it
regularly.30
This study also has several strengths, including its
population-based design, long-term follow-up, and the full
assessment of a wide range of cognitive, clinical, and
dementia-related measures.
In conclusion, hearing loss is associated with accelerated cognitive decline in older adults. It was also found
that hearing aid use attenuates such cognitive decline,
which had never been reported. Taken together, these
results underline the importance of addressing the
problem of underdiagnosis and undertreatment of hearing
loss in elderly adults. With the prevention of cognitive
aging being one of the international priorities of research,
along with cognitive training31 and physical exercise interventions,32 which have been shown to have a modest but
positive effect on cognitive aging, auditory rehabilitation
programs should be considered as additional potential
candidates to promote successful aging. Hearing rehabilitative treatment is complex and does not simply consist
of using a hearing aid, so a well-designed interventional
trial is necessary to demonstrate the effect of a comprehensive auditory rehabilitation program on cognitive
aging.
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