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ARTICLE INFO ABSTRACT

Keywords: Introduction-objectives: There is a probable relationship between hearing loss and cognitive decline and dementia:
Hea‘fing loss patients with hearing loss appear to develop cognitive difficulties earlier and more frequently. However, the
Audiometry relationship is not completely clear. A meta-analysis of high-quality studies is needed to clarify the nature of this
Cognitive impairment . .

. relationship.
Dementia

Materials and methods: Meta-analysis of cohort studies in which the exposure factor is hearing loss, necessarily
measured with pure-tone audiometry, and the outcome is the progression of cognitive decline measured with
validated scales or the onset of dementia. The inclusion period for the studies was 2019-2023.

Results: Of the 5349 articles identified, 11 cohort studies were included in the systematic review; and 8 in the
meta-analysis. In those where the outcome was dementia (expressed as Hazard Ratio [HR]), a statistically sig-
nificant relationship was found, with an HR of 1.32 (1.30-1.34), with low heterogeneity and a low risk of
publication bias. In those where the outcome was expressed as linear regression (beta), no statistically significant
results were found.

Conclusions: There appears to be a relationship between hearing loss and cognitive impairment/dementia. Other
forms of hearing loss (such as central hearing loss) need to be evaluated to fully assess the effect and implications

Cohort study
meta-analysis

of this relationship.

1. Introduction

Cognitive impairment and dementia are a major public health
problem that is estimated to affect 131.5 million people worldwide by
2050 [1]. It is a multifactorial disease, associated with non-modifiable
risk factors (such as age, sex, childhood educational level) and others
that can be addressed (such as cardiovascular risk factors or hearing
loss). Hearing loss has been shown to be one of the most significant
potentially modifiable factors, with a 7% attributable risk fraction [2].
In a recent Delphi consensus umbrella review of 18 dementia experts,
hearing loss was the most interesting modifiable factor to include in
future predictive rules or to consider in dementia treatment [3].

On the other hand, age-related hearing loss is a very prevalent health
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problem (it is estimated that approximately one-third of adults over 65
years of age have hearing loss) [4], with a great impact on the patient's
quality of life, which is also undertreated, is easily diagnosed by audi-
ometry and has a treatment: hearing aids [5].

In those studies in which a relationship is found between hearing loss
and dementia, hearing loss seems to precede dementia by 5-10 years
[6], offering us an opportunity for action: perhaps if we slow down
hearing loss or address it early, we can reduce the incidence of cognitive
decline and dementia [7].

On the other hand, there are inconsistent results regarding the cause-
effect relationship between hearing loss and dementia: while most
studies find a positive relationship between the two, some are not so
optimistic [8-10]. The nature of this relationship is also unclear, nor is
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its directionality [11]. Although it is not the central theme of the study,
it is worth mentioning that there are several theories: that cognitive load
with age hinders auditory perception, that the pathophysiological
mechanism is common and the deterioration of hearing and higher
functions is simultaneous, that poor auditory stimulation reduces brain
activity and leads to its atrophy if it persists for a long time, or that the
extra effort the brain makes to hear and understand takes resources
away from other higher brain functions [11-14].

Furthermore, there is disparity in how hearing loss is measured:
sometimes we understand it as the sense of peripheral hearing, some-
times as speech understanding [11], sometimes we measure it using
questionnaires, sometimes using audiometry. There is also disparity in
the measurement of cognitive impairment (using multiple different
cognitive tests) and in the classification of dementia. And much of this
evidence comes from case-control studies, which often present signifi-
cant biases [15]. Cohort studies offer a much higher level of evidence
and could be the key to clarifying this association, in addition to being
the highest-quality studies that can be ethically acceptable on this topic
[8]. Only with sufficiently high-quality studies, such as cohort studies,
can we draw appropriate conclusions and try to clarify the nature of the
association between hearing loss and cognitive impairment.

Study objective: A systematic review and meta-analysis of cohort
studies published between 2019 and 2023 with good quality criteria, in
which the exposure factor is hearing loss measured with pure-tone
audiometry and the outcome is cognitive decline measured with a test
or the onset of dementia. The initial hypothesis is that hearing-impaired
patients without cognitive impairment are at greater risk of developing
it in the future than their hearing peers.

2. Methods
2.1. Study design

The study was designed as a systematic review and meta-analysis of
cohort studies in which the exposure factor was hearing loss and the
outcome was cognitive decline measured by testing or dementia. The
study did not require approval from a Healthcare Ethics Committee, as it
was a review of previously approved studies.

2.2. Search strategy and study selection

Searched in Several databases: PUBMED, MEDLINE, and SCOPUS/
WEB OF SCIENCE. The inclusion and exclusion criteria are as follows:

e Study type: Original cohort studies in which the exposure factor is
hearing ability, measured exclusively with pure tone audiometry,
and the outcome is dementia or cognitive status, measured with
validated tests. Controls without hearing loss must always be pre-
sent. Interventional studies (in which one intervention arm uses
hearing aids, the other does not), cross -sectional studies, and case-
control studies are excluded. Studies in which hearing loss is
measured with diagnostic codes, subjective tests, or through self-
reported hearing loss by the patient are also excluded. Narrative
reviews and book chapters are also excluded.

Follow-up period: although not considered an exclusion criterion,
studies lasting less than 5 years lost points in the quality assessment
(Newcastle-Ottawa).

Results expressed either as relative risk (RR), Hazard ratio (HR) or as
linear regression (where the slope of the curve, beta, is the variation
in the result of cognitive tests over time according to the degree of
initial hearing loss)

Publication date: between 2019 and 2023, both inclusive.

Patient type: Patients with an average age of 50-60 years. Studies on
children and those in which patients have an altered cognitive level
at the onset of the study are excluded. Studies on sudden sensori-
neural hearing loss are also excluded.
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e Languages: English or Spanish.

The general search strategy used is as follows, adapted to the search
engine of each database:

e (AND) DEAFNESS OR DEAF OR SORDERA OR HEARING OR HIPOACUSIA OR
HYPACUSIA OR HYPACUSIS OR PRESBIACUSIA OR PRESBYCUSIS OR
PRESBYACUSIS OR AUDITORY... in title-abstract

e (AND) DEMENTIA OR DEMENCIA OR COGNITIVE OR COGNITION OR AMENTIA
OR COGNITIVO OR COGNICION OR ALZHEIMER OR ALZHEIMER'S... in title-
abstract

2.3. Data extraction

An initial preselection of studies was conducted based on their titles
and abstracts, followed by a more exhaustive analysis of the preselected
articles using the inclusion/exclusion criteria and a full reading of the
texts. This process was conducted by a single researcher.

Once the articles for inclusion in the systematic review were ob-
tained, their quality was assessed using the Newcastle -Ottawa rule for
cohort studies.

2.4. Analysis

Subsequently, a descriptive analysis of the characteristics of each
study was performed: Author, year of publication, country, cohort from
which the patients were extracted, number of patients, percentage of
losses to follow-up, mean age of patients, % women, distribution by race,
% patients with hearing loss, % patients with hearing aids, follow-up
period, diagnostic criteria of audiometry, number of times hearing
was measured in the study, outcome variable, cognitive tests used,
number of times cognition was measured in the study, confounding
factors used to correct the statistical analysis, statistical results, con-
clusions of the study and Newcastle-Ottawa score.

The statistical analysis of the studies, including meta-analysis, was
performed by the Methodological Assistance Service (SAME) of the
Aragonese Institute of Health Sciences (IACS). Studies whose results
were expressed using the Hazard Ratio (those in which the outcome
variable was dementia) and those in which the results were expressed as
linear regression (beta-curve slope) were analyzed separately.

In the meta-analysis of studies that expressed the outcome as the
occurrence of dementia, a forest plot was obtained as an effect analysis,
measures of heterogeneity (I12), a funnel plot to assess publication bias, a
“Drapery Plot” to calculate the average effect, and a cumulative sensi-
tivity analysis.

When analyzing the articles that express the results as linear
regression, it is important to emphasize that the same cognitive test
should be used in each included study in order to perform a pooled meta-
analysis. Unfortunately, several very disparate cognitive tests are used
(see Results below). Therefore, it was initially decided to use the
cognitive tests that assessed global cognition (MMSE, 3MS, TICS in Ge,
Global Cognition in Jiang), since they were present in all the included
studies. However, after discussing this with the statistical team, it was
seen that it was not correct to calculate the same meta-analysis for
different cognitive tests. For this reason, it was decided to perform a
meta-analysis of the articles that used the MMSE and another with those
that used the 3MS (see Results below). In these two situations, forest
plots were generated for each to estimate the effect, and then assessed
heterogeneity (using 12, tau2 and Q statistic) and the possibility of
publication bias (using Fail-Safe N, Kendall's Tau, Eggers regression and
funnel plot).
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3. Results
3.1. Search results

Following the above search strategy, 3943 studies were obtained in
Pubmed, of which 45 were preselected. In Embase, 729 articles were
obtained and 34 were preselected. In Scopus, 677 articles were obtained,
of which 36 were preselected. After removal of duplicates, 59 of the
5349 identified articles were retained for full-text assessment. After
exhaustively applying inclusion/exclusion criteria, 49 articles were
discarded. Therefore, we were left with 10 articles. The most frequent
reasons for article rejection were the following: they presented hearing
as a subjective measure (30), only central hearing was measured
exclusively (1), hearing was not measured as an isolated variable but as
a set of sensory impairments (1), patients were of young average age (3),
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only HIV positive patients (1), volunteer patients (1), only sudden
deafness was mentioned (2), there was no control group of non-hearing
patients (2), patients with some cognitive impairment at the beginning
(3), the study was not a cohort study (1), the study was interventional
(1), the study had very few patients (1), it was impossible to find the full
text (1) and the study presented a very complex and varied statistical
approach (1).

Subsequently, a systematic review (Myrstad et al.) [16] discovered
during the writing of the article was added. In summary, 11 articles
remain that meet the criteria for quality assessment, systematic review,
and statistical analysis.

Later, the quality criteria for cohort studies (Newcastle-Ottawa rule)
were applied. One article showed doubtful results, depending on
whether the follow-up period was acceptable or not (Jiang et al.) [17],
and two showed poor results (Croll et al., Mohammed et al.) [10,18]. It

Articles identified
in PUBMED

Articles identified
in SCOPUS

Articles identified
in EMBASE

Articles identified

Articles identified

Articles identified

in PUBMED (after in SCOPUS (after inWEB OF
screening) screening) SCIENCE (after
screening)

Articles after
removing
duplicates

Articles added
during the writing
of the paper

[N —

Articles selected
after thorough
analysis

Discarded articles
N =48

Articles to be
/ N analyzed using
Newcastle-Ottawa

Articles finally
selected for
systematic review
and meta-analysis

Fig. 1. Flowchart illustrating the process of selecting articles according to PRISMA guidelines.
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was decided to retain these studies so as not to further reduce the sta-
tistical power of the meta-analysis.

A summary of this selection process can be seen in the flowchart
shown in Fig. 1.

Once the 11 final articles were selected for the meta-analysis, a
descriptive study was conducted on the baseline characteristics of each
study. This descriptive study can be seen in Table 1. For more infor-
mation on the baseline characteristics of each article, see Appendix 1.

In summary, most of the studies were conducted in the United States
(US), all of them with people over 50-60 years of age, with a fairly equal
distribution by sex in most of them. Chang et al. [19] is noteworthy due
to the large number of patients (almost 40,000). As an outcome variable,
4 articles chose the incidence of dementia (the result expressed as
Hazard Ratio in 3 of them [Mohammed et al., Chang et al., Brenowitz
et al.] [18-20] and as Relative Risk in 1 of them [Myrstad et al.] [16]).
Six of them chose the difference in cognitive test results (the result
expressed as the slope observed in a linear regression, beta) (Croll et al.,
Jiang et al., Alattar et al., Armstrong et al., Ge et al., Chern et al.)
[10,17,21-24], and 1 of them opted for both methods (Powell et al.)
[25]. The cognitive tests used (and the abbreviations employed) in the
studies are the following: Modified Minimental State - 3MS, Minimental
State - MMSE, Trail Marking Test- TMT—B, TMT-A, Digit Symbol Sub-
stitution Test- DSST, Letter Digit Substitution Test- LDST, Digit Span
Forward- DSF, Digit Span Backwards - DSB, California Verbal Learning
Test- CVLT, Benton Visual Retention Test- BVRT, Stroop Test- STI, Word
Learning Test- 15-WLT, Purdue Pegboard Test- PPT, Telephone Inter-
view for Cognitive Status- TICS, Clock Drawing Task - CLOX1, Letter
Fluency Test- LFT, Verbal Fluency Test- VFT, Word Fluency Test - WFT,
Category Fluency Test — CFT, Boston Naming Test- BNT, Cognitive
Reflection Test- CRT.

There is great variability in the tests used, the most common being
the 3MS and the MMSE, which report global cognition.

3.2. Outcome measures and sub-group analysis

The analyses included those expressing results as incidence of de-
mentia, and those using linear regression. Eight of the 11 articles
included in the systematic review were included in the meta-analysis. Of
the five articles expressing results as incidence of dementia, the Myrstad
et al. [16] study was excluded because the results were expressed as RR,
making it impossible to compare them statistically with the other arti-
cles, which used HR. In the case of studies based on cognitive test var-
iations, the tests that indicated global cognition and were present in all
the articles were chosen: the 3MS, MMSE, and TICS (Ge et al.) [23], and
Global Assessment (Jiang et al.) [17]. The 3MS and MMSE were initially
considered jointly; however, separate analyses were ultimately per-
formed for each test. For this reason, Jiang et al. [17] was excluded
because they use their own unique test, and Ge et al. [23], because they
use ICT and it is the only one who does so.

The meta-analysis demonstrated a statistically significant association
between hearing loss and incident dementia, with a pooled Hazard Ratio
of 1.32 (95% CI 1.30-1.34) (Fig. 2). No significant heterogeneity was
observed (I = 0%; p for heterogeneity > 0.05).

Subsequently, publication bias was assessed using a Funnel Plot.
Visual inspection of the funnel plot did not suggest a relevant risk of
publication bias (Fig. 3). On the other hand, a slight asymmetry is
observed, with more articles to the left of the vertical line. However,
they are not outside the diagonal line, and it should be noted that there
are only five studies.

A Drapery plot was generated to complement the interpretation of
confidence intervals across a range of p-values [26]. The pooled effect
remained significantly greater than zero (Fig. 4).

In addition, a cumulative sensitivity analysis was performed, which
showed stable effect estimates over time (Fig. 5).

Regarding the articles that expressed the result as linear regression,
there were 4 that used the MMSE test and 2 that used 3MS.
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Fig. 2. Forest plot showing the hazard ratio (HR) for dementia incidence associated with hearing loss in the included studies.
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Fig. 3. Funnel plot assessing potential publication bias for the studies included in the meta-analysis of dementia incidence.
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Fig. 4. Drapery plot displaying the distribution of p-values as a function of the effect size for meta-analysis of hazard ratios (HR).

Regarding the meta-analysis of the studies that used MMSE, an
estimated beta of —0.2 was obtained, which was not statistically sig-
nificant (p 0.101; —0.44 to 0.04) (Fig. 6). When analyzing the hetero-
geneity of the studies, heterogeneity was low to moderate (12 = 26.4%;
Q = 4.75, p = 0.31). The assessment of publication bias yielded mixed
results (Fail-Safe N test p-value of 0.025; Kendall's Tau test p-value of
0.193; Eggers regression test p-value of 0.752), with no consistent evi-
dence of publication bias (Fig. 7).

Regarding the meta-analysis of studies using 3MS, an estimated beta
of —0.054 is obtained, with p 0.406 (Fig. 8); again, the effect is not
statistically significant. The number of studies is very small, which may
affect the precision of the estimate. No heterogeneity was observed (12 =
0%; Q = 0.31, p = 0.86), indicating consistent effect estimates. All three
publication bias assessments (Fail-Safe N, Kendall's tau, and Egger's
regression) were non-significant, suggesting a low risk of publication
bias (Fig. 9).
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4. Discussion

We have found a clear relationship between the incidence of de-
mentia and previous hearing loss: patients who have hearing loss at
onset are 32% more likely to develop dementia in the future. This
relationship is similar to many previous original studies: HR 1.21

(Amieva et al. 2018, but subjectively measured hearing) [27], HR 1.24
(Brenowitz et al. 2019) [20], HR 1.54 for severe dementia (Curhan et al.
2019, subjective tests) [28], HR 1.69 (Ford et al. 2018, although hearing
diagnosis by database) [7], HR 1.69 (Golub et al. 2017, subjective
hearing measurement) [29], HR 1.27 (Gurgel et al. 2014, subjective
hearing measurement) [30], HR 2.32 (Lin et al. 2011) [31]. It is worth
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highlighting, Deal et al. (2016) [13], one of the best known and most
cited studies in this field: from a cohort of 1800 Americans, they were
measured at baseline with audiometry and followed for 9 years to see if
they developed dementia. Even after controlling for multiple con-
founders in models, those with more severe hearing loss had an
increased risk of dementia over 9 years: HR 1.55 (95% CI 1.10-2.19).
Almost all studies have been conducted in Europe, North America, or
Australia, but this statistically significant relationship also exists in other
countries, such as Singapore, with an HR for dementia of 2.3 [32].

On the other hand, we found no relationship when we measured the
difference between cognitive tests over a period of time, expressed as a
linear regression (beta). However, it should be noted that the statistical
analysis used is less reliable with small sample sizes. In previous liter-
ature, we found disparate data: Merten et al. (2020) [11] using the TMT
test, border on statistical insignificance.; Deal et al. (2016) [13] found
no relationship with the tests used; Gurgel et al. (2014) [30] found a
0.26-point worsening of the MMSE score with each passing year; and Lin
et al. (2013) [9] found that both the 3MS and DDST scores worsen more
rapidly when the patient has hearing loss.

If we look at meta-analyses with less strict study inclusion criteria
(some also include case-control or cross-sectional studies, others do not
use audiometry to measure hearing), similar results are found: such as

Lauetal. (2022) [33] (RR 2.06 for mild cognitive impairment in patients
with hearing loss, but significant statistical heterogeneity), Loughrey
et al. (2017) [8] (HR 2.42 for dementia), or Yu et al. (2024) [34] (HR
1.35 for dementia). If we compare them with other meta-analyses with
similar criteria to ours, the results are similar: a meta-analysis of five
studies conducted by Lancet found an HR of 1.37 for dementia [35];
Liang et al. (2021) [36]found an HR of 1.69 for studies that used audi-
ometry; however, significant publication bias was observed. Another
good quality study worth mentioning is Dhanda et al. (2024) [37],
which, going back much further (20 years from the date of publication),
obtains an HR for dementia of 1.21. In the meta-analysis prepared by
Ford et al. (2018) [7], if we look only at the part of studies measured
with audiometry, an HR of 3.10 is obtained for dementia. In the meta-
analysis by Conceicao Santos et al. (2023) [38], using cognitive tests
as the result of the difference, it is observed that there is no statistically
significant relationship. If we analyze the review of systematic reviews
available, also called umbrella review, Ying et al. (2023) [39], an RR for
dementia of 1.59 is observed.

In summary, we can see that our results are generally similar to those
of previous literature: when the outcome is the incidence of cognitive
impairment/dementia, a relationship is found (Hazard Ratio), and when
the outcome is expressed as linear regression—the difference over time
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between cognitive tests—no relationship is found or it is very mild
(Beta). This could be explained by the fact that for a patient to fall into
the “dementia” category (either based on medical records, prescribed
medication, or cognitive tests), their cognitive status must be very
impaired, which would be equivalent to obtaining very low scores on
diagnostic tests. If these patients in studies that employ HR or RR were
examined using serial cognitive tests over time, they would probably
show much steeper slopes of the linear regressions, and much more
marked statistical alterations would occur. This doesn't happen, since we
generally follow patients (in linear regression studies) who, when they
repeat cognitive tests after a few years, obtain scores practically iden-
tical to their initial scores (slightly lower or similar). And the impact this
minimal difference has on their cognitive function and performance is
likely to be very minimal: they would need to be followed for much
longer to be able to see significant changes in their performance on
cognitive tests.

Among the strengths of our study, the main one is the strict inclusion
and exclusion criteria. The fact that all studies use pure-tone audiometry
lends objectivity to the measurement of hearing function. This accuracy
provides internal validity and homogeneity to the statistical measures
and allows for a much more precise and reliable meta-analysis: as has
been shown, our heterogeneity measures are close to the null. We did
not accept studies with other hearing measurements for several reasons.
First, only some tests are validated, such as the HHIE-S [40] or the
Whispered Voice Test [41]. Second, none of these validated tests are
used in the reviewed studies: most simply use two simple dichotomous
questions. On the other hand, the subjective report of dementia has not
proven useful, as it is highly variable [42] and presents a fundamental
problem: how does the interviewer know whether the difficulties they
are perceiving are related to hearing or information processing? [30].
We felt it was important to exclude case-control and cross-sectional
trials from our study, as we believe they severely limited the validity
of the data due to their abundant biases. Furthermore, we present the
results in two different forms: both as incidence of dementia and as a
linear regression of the variation in cognitive tests. This provides us with
two different and complementary perspectives.

Additionally, social isolation resulting from hearing loss may act as a
potential primary factor in the progression of dementia, as suggested by
previous studies on modifiable risk factors. Although our meta-analysis
did not specifically address socialization parameters, this avenue war-
rants further investigation.

Within the limitations, we highlight the small number of studies
included in the meta-analysis, which may limit the statistical power and
precision of heterogeneity estimates. Most included studies did not
consistently stratify participants according to the severity of hearing
loss, nor did they systematically differentiate between sensory loss and
sensorineural hearing loss, which may have contributed to unmeasured
sources of heterogeneity.

Regarding the cognitive tests used, multiple ones were used: this has
forced us to take those that look at global cognition as a reference for the
meta-analysis, since they were the only ones repeated in all the studies.
This implies that the linear regression meta-analysis loses some power,
since instead of performing a joint one, two separate ones had to be
performed. It is also important to keep in mind that hearing loss can
make the administration of these tests difficult [28,43].

An additional consideration concerns the distinction between pe-
ripheral and central hearing. Central hearing, also known as central
auditory processing, encompasses the neural mechanisms involved in
the analysis, integration, and interpretation of auditory information
within the central nervous system, especially during complex auditory
tasks such as speech perception in noisy environments. Pure-tone
audiometry, which was the main method used in the included studies,
assesses peripheral hearing without taking into account more complex
aspects such as central hearing, which is increasingly being considered
[44]. We also did not consider other sensory impairments, which some
studies have shown to increase overall cognitive decline [20].
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5. Conclusions

There is a statistically significant relationship between hearing loss
and the incidence of dementia, at least in those studies where the
outcome is expressed as a Hazard Ratio: patients with hearing loss at
baseline have a 32% higher risk of developing cognitive decline and/or
dementia in the future. This relationship is attenuated or disappears
when the outcome is measured as performance on cognitive tests over
time.

As future lines of research, it would be interesting to conduct meta-
analytical studies on central hearing loss, or to jointly assess these fac-
tors: other sensory impairments, mood at baseline and during the pro-
cess, the presence of hearing aids, the patient's baseline cognitive
reserve, and functionality (measured using geriatric scales) at baseline
and during the process.
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