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ABSTRACT
Objectives: Epidemiologic analyses of hearing loss utilize national volunteer- based datasets that are restricted by limited vari-
ables and few individuals with severe disease. We overcome these limitations using two large electronic health records to study 
whether audiometric hearing loss is associated with dementia.
Methods: This was a cross- sectional, multicentered retrospective study using the electronic health records at the academic 
medical centers of Columbia University and Cornell University (n = 31,997 total) for participants ≥ 18 years old with clinical audi-
ometry from February 1, 2020 through May 5, 2023. Hearing measures were from the better ear and included pure tone average, 
word recognition score, and speech reception threshold. Dementia was defined as ICD- 10 diagnosis code only, dementia medi-
cations only, the presence of both conditions, and the presence of either condition. Odds ratios were computed from univariable 
and multivariable logistic regressions between hearing loss and dementia with 95% confidence intervals, using the covariates of 
age, sex, cardiovascular risk score, and site.
Results: The mean age (SD) in the combined dataset was 60.5 (18.3) years and 18,992 (59.4%) were women. All univariable 
regressions showed increased odds of dementia with worsening hearing, regardless of how hearing or dementia was defined. 
Controlling for covariates, for every 10- dB worsening in hearing by pure tone audiometry, the odds of dementia (as defined by 
ICD- code or medication list) increased by 1.11 times (95% CI = 1.07–1.16); for every 10% worsening in word recognition score, the 
odds of dementia increased by 1.06 times (95% CI = 1.01–1.11); for every 10- dB worsening of the speech reception threshold, the 
odds of dementia increased by 1.10 times (95% CI = 1.05–1.15).
Conclusions: Using a large electronic health record system, audiometric hearing loss defined in three separate ways was asso-
ciated with increased odds of dementia. Electronic health records can corroborate and expand previously studied relationships 
between hearing loss and its comorbidities, including dementia.
Level of Evidence: 3.
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1   |   Introduction

Hearing loss (HL) is one of the most prevalent yet undertreated 
medical conditions affecting adults today. About one in three 
people in the United States over the age of 65 has HL [1–3], com-
pared to other chronic health conditions such as diabetes (21%) 
[4] and major heart disease (18%) [5]. Hearing aids, a widely 
available, non- invasive intervention [6–8], are the primary 
management for the most common forms of HL, including age- 
related [6]. But due to multifactorial barriers including expense 
[9, 10], disparities in access, sociodemographic influence, and 
perceived stigma, the majority of those eligible for hearing aids 
do not acquire them. For example, among adults aged 70 years 
and older with age- related HL, less than 30% have ever tried 
using a device. Even for those who may acquire hearing aids 
or cochlear implants, similar factors can lead to decreased or 
eventual nonuse of the devices [11, 12]. Whether hearing aid 
usage has improved since the October 2022 availability of over- 
the- counter hearing aids in the United States remains to be seen. 
The prevalence of hearing testing in adults remains similarly 
poor [13, 14].

The lack of widespread testing and treatment of HL, especially 
age- related HL, is particularly concerning considering the 
growing body of research showing associations with other mor-
bid conditions of aging. Several independent research groups 
[15–24] have found associations between HL and cognitive im-
pairment, dementia, depression, and falls [25–29], and HL is the 
top modifiable risk factor for dementia [30]. While a small num-
ber of randomized controlled trials on the effectiveness of hear-
ing aids are underway [31], and one recently completed [32], the 
best evidence base primarily consists of national epidemiologic 
studies of healthy volunteers that include pure tone audiometry.

Few studies have examined the relationship between HL and 
cognition/dementia using electronic health record (EHR) 
systems, primarily because until relatively recently, audio-
metric data have not been stored in a digitally accessible way. 
Historically, “digital” audiograms would be scanned as pictures, 
precluding automated data analysis. But studies relying on in-
stitutional EHR data possess multiple advantages over national 
epidemiologic studies, such as hearing data derived from gold 
standard audiometry performed by doctoral- level audiologists. 
These evaluations include high quality, objective measures be-
yond pure tone thresholds, such as word recognition. They also 
better sample older individuals with more severe HL, the popu-
lation typically most of interest to practicing otolaryngologists 
and audiologists.

In this study, we perform one of the largest analyses to date ex-
amining the association between audiometric HL and dementia 
by combining the EHR systems of two large academic health 
centers. To our knowledge, this is the single largest study of HL 
and dementia using EHR systems. We uniquely use three sepa-
rate high- quality objective measures of hearing: pure tone audi-
ometry, word recognition score, and speech reception threshold. 
We hypothesize that HL is associated with dementia, controlling 
for confounders. This study illustrates that the modern EHR can 
serve as a platform for high- quality epidemiologic inquiry and 
adds to the growing literature base describing HL as a major 
medical and public health problem.

2   |   Methods

2.1   |   Participants

This study was a cross- sectional epidemiologic analysis of ret-
rospectively collected data. Data were collected from the large 
EHR systems of two academic institutions, Columbia University 
Irving Medical Center and Weill Cornell Medicine follow-
ing the implementation of new instances of Hyperspace (Epic 
Systems, Verona, Wisconsin). Each institution serves different 
geographic, socioeconomic, and cultural areas of New York City. 
Audiogram data were numerically stored. Scans of paper- based 
audiograms acquired from outside facilities were not included in 
the analyses. Project design and analysis were performed retro-
spectively, after data collection.

Participants aged ≥ 18 years who underwent audiometry from 
February 1, 2020 through May 5, 2023 were included in the ini-
tial sample. Originally, Columbia included 32,748 records and 
Cornell included 25,022 records. The combined dataset con-
tained 57,770 records. For subjects with multiple audiograms, 
only the earliest was included (13,356 excluded). Those with in-
complete audiometric data and age < 18 years old were excluded 
(12,405 excluded). Those with illogical audiometric data, such 
as a word recognition score > 100 or < 0, were considered in-
appropriate outliers and excluded (10 excluded). Finally, those 
with missing covariates were excluded (two excluded). This left 
31,997 participants total for the analytic cohort, including 16,129 
from Columbia and 15,868 from Cornell. The process of partici-
pant inclusion and exclusion is shown in Figure 1.

Each center obtained its own Institutional Review Board and 
data request approval. This study adheres to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) checklist criteria [33].

2.2   |   Hearing (Primary Exposure)

Hearing was assessed by an audiologist in a soundproof booth. 
HL was the exposure of interest for this study and measured in 
three ways: pure tone average (PTA), word recognition score, 
and speech reception threshold.

Unaided (no hearing aids or assistive devices) and sided (right 
vs. left) air conduction pure tone thresholds were recorded from 
500 to 8000 Hz and measured in decibels (dB). Higher decibel 
thresholds indicated worse hearing. The PTA was calculated 
from 4 frequencies: 500, 1000, 2000, and 4000 Hz. Use of the 
four- frequency PTA is supported in prior epidemiologic studies 
of HL [15, 18] and public health campaigns [34]. The PTA in the 
better ear, which defines bilateral HL, was used for analysis. 
HL was defined binarily as PTA > 25 dB or in categories as fol-
lows: mild (26–40 dB), moderate (41–55 dB), moderately severe 
(56–70 dB), severe (71–90 dB), and profound (> 90 dB) [35]. When 
assessing odds of dementia for a specific HL category, the mid-
point value was used (e.g., 32.5 dB for mild HL).

Word recognition score (speech discrimination score) was 
scored from 0% to 100% [36]. Lower numbers represented 
worse hearing. A score of 100% meant accurately repeating 
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100% of presented words. A normal score is generally consid-
ered to be ≥ 80%. Monosyllabic words were presented to the 
listener at 25–40 dB above their recorded speech reception 
threshold (described below) and the listener repeated the 
words. Word recognition scores were evaluated in the listen-
er's native language or not recorded if one's native language 
was unavailable. Each participant had one to four word rec-
ognition scores recorded (right ear 1, right ear 2, left ear 1, left 
ear 2). The best of all possible word recognition scores was 
used for analyses.

Finally, speech reception thresholds were the level in dB at 
which subjects could perceive words 50% of the time. Higher 
numbers represented worse hearing. Listeners were presented 
with two- syllable words that have the same level of stress on 
both syllables (such as “mailbox”). The better (lower) speech re-
ception threshold from either ear was used for analyses.

2.3   |   Dementia Measures (Outcome)

Dementia is a neurocognitive condition that describes a decline 
in one or more of the following domains: learning and memory, 
language, executive function, complex attention, perceptual- 
motor, and social [37]. In this study, dementia was defined by 
either the International Classification of Diseases, 10th revision 
(ICD- 10) coding or by medication lists.

Subjects with an ICD- 10 diagnosis code of G30.X–G32.X were 
coded as having ICD- 10- defined dementia. These codes en-
compass “Alzheimer's disease,” “other degenerative diseases 
of nervous system, not elsewhere classified,” and “other de-
generative diseases of nervous system in diseases classified 
elsewhere”.

Subjects with any of the following medications on their med-
ication lists were coded as having medication list- defined de-
mentia: donepezil, galantamine, memantine, and rivastigmine. 
At the time of this study, anti- amyloid disease- modifying drugs 
were either not approved or not widely in use for the treatment of 
Alzheimer's while under the Centers for Medicare and Medicaid 
Services coverage period [38]. Thus, they were not included as 
dementia indicators. This study follows previous health record- 
based epidemiological studies in the literature that also rely on 
ICD- 10 codes and/or medication lists to study their populations 
of interest [39–41].

2.4   |   Covariates

Variables that might confound the relationship between HL 
and dementia were included in the multivariable regression 
analyses. These covariates include age, sex, cardiovascular risk, 
and site (Columbia or Cornell). Of these factors, age is the most 
established potential confounder, given that age is the most 

FIGURE 1    |    Flowchart of participant inclusion for analysis.
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common risk factor for HL [42] and that all forms of dementia 
strongly relate to age.

Sex was coded as male or female. Cardiovascular risk may cause 
HL due to microvascular changes in the cochlea or contribute 
to dementia [43]. A composite cardiovascular risk variable was 
created by assigning one point each for the presence of hyper-
tension and/or diabetes mellitus based on ICD- 10 codes in the 
EHR. Scores ranged from 0 to 2, with higher scores indicating 
higher cardiovascular risk.

To account for any potential differences between the participant 
pools, site was controlled for in the analysis.

2.5   |   Statistical Analysis

For descriptive statistics, means and standard deviations (SDs) 
were used for continuous variables. Numbers and percentages 
were used for categorical variables.

To analyze the association between HL and dementia, odds ra-
tios were calculated from logistic regressions and reported with 
95% confidence intervals. Separate logistic regression analy-
ses were conducted with the three hearing measures and with 
the four dementia measures. Multivariable logistic regression 

analyses controlled for confounders. Multivariable regression 
model 1 controlled for age and sex. Model 2 controlled for age, 
sex, cardiovascular risk, and site. The model 2 multivariable re-
gressions were termed the “fully adjusted working models” and 
were used for calculations of odds of dementia based on levels of 
HL. This was computed in the form of e(coefficient×difference), where 
coefficient is the coefficient from the regression model and dif-
ference is the difference between the value of interest and the 
reference value.

All hypothesis tests were two- sided, and significance was de-
fined as p < 0.05. Analyses were performed from April 2023 to 
March 2024 using R, version 4.2.3 (R Foundation for Statistical 
Computing) with RStudio, version 2023.03.0+386 (RStudio Inc.).

3   |   Results

3.1   |   Baseline Demographic Characteristics

Out of 31,997 total participants, 18,992 (59.4%) were women. The 
mean (SD) age was 60.5 (18.3) years. The age range was 18 to 
105 years. In the Columbia cohort, the mean (SD) age was 59.9 
(18.4) years. In the Cornell cohort, the mean (SD) age was 61.2 
(18.2) years. The baseline characteristics of the study partici-
pants are outlined in Table 1.

TABLE 1    |    Participant characteristics stratified by study cohort in the Columbia University Irving Medical Center and Weill Cornell Medicine 
Populations.

Columbia (n = 16,129) Cornell (n = 15,868) Combined (n = 31,997)

Age, mean (SD), [range] 59.9 (18.4), [18–104] 61.2 (18.2), [18–105] 60.5 (18.3), [18–105]

Women, No. (%) 9741 (60.4%) 9251 (58.3%) 18,992 (59.4%)

Cardiovascular risk score, mean (SD)a 0.32 (0.60) 0.40 (0.63) 0.36 (0.62)

Pure- tone average (dB), mean (SD) 28.6 (18.6) 25.1 (16.9) 26.9 (17.8)

HL, > 25 dB, No. (%) 7498 (46.5%) 6515 (41.1%) 14,013 (43.8%)

Mild HL, > 25 to 40 dB 3681 (22.8%) 3601 (22.7%) 7282 (22.8%)

Moderate HL, > 40 to 55 dB 2283 (14.2%) 2049 (12.9%) 4332 (13.5%)

Moderately- severe HL, > 55 to 70 dB 1093 (6.8%) 664 (4.2%) 1757 (5.5%)

Severe HL, > 70 to 90 dB 324 (2.0%) 154 (1.0%) 478 (1.5%)

Profound HL, > 90 dB 117 (0.7%) 47 (0.3%) 164 (0.5%)

Word recognition score (%), mean (SD) 94.5 (11.6) 95.6 (9.3) 95.1 (10.5)

Speech reception threshold (dB), mean (SD) 23.9 (15.4) 20.5 (15.2) 22.2 (15.4)

Dementia

By ICD- 10 code only 324 (2.0%) 529 (3.3%) 853 (2.7%)

By medication list only 289 (1.8%) 157 (1.0%) 446 (1.4%)

By both ICD- 10 code and medication list 129 (0.8%) 91 (0.6%) 220 (0.7%)

By either ICD- 10 code or medication list 484 (3.0%) 595 (3.7%) 1079 (3.4%)

Abbreviation: HL = hearing loss.
aThe cardiovascular risk score was created by assigning one point to each of the following risk factors in the participant's chart: hypertension and diabetes mellitus. 
Scores ranged from 0 to 2, with higher scores indicating higher cardiovascular risk.
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3.2   |   Baseline Hearing Characteristics

The average PTA in the better ear in the combined study popula-
tion was 26.9 dB. About 56% of participants had normal hearing, 
23% had mild HL (26–40 dB), 14% had moderate HL (41–55 dB), 
5.5% had moderately severe HL (56–70 dB), 1.5% had severe HL 
(71–90 dB), and 0.5% had profound HL (> 90 dB). Further details 
for word recognition score and speech reception threshold ap-
pear in Table 1.

3.3   |   Baseline Dementia Characteristics

Out of 31,997 total participants, 853 (2.7%) had ICD- 10 code- 
defined dementia, 446 (1.4%) had medication list- defined demen-
tia, 220 (0.7%) had both ICD- 10 code and medication list- defined 
dementia, and 1079 (3.4%) had either ICD- 10 code or medication 
list- defined dementia. Further details, including breakdown by 
site, appear in Table 1.

3.4   |   Regression Analysis

A set of logistic regression models was run for each of the 
three definitions of HL: PTA (Table 2), word recognition score 
(Table 3), and speech reception threshold (Table 4). For each 
set of regressions, dementia was defined by ICD- 10 code only, 
medication list only, ICD- 10 code and medication list, and 
ICD- 10 code or medication list. Across all three definitions of 
HL, the fully adjusted model 2 was significant when defining 
dementia (1) by ICD- 10 code only and (2) by ICD- 10 code or 
medication list.

In the fully adjusted model 2, for every 10 dB worsening in HL 
by PTA, the odds of dementia, defined by either ICD- 10 code or 
medication list, increased by 1.11 times (95% CI = 1.07–1.16). 
Similar relationships were seen for the other definitions of de-
mentia, except for dementia defined as having both ICD- 10 and 
medication list, which was non- significant. Full results are 
shown in Table 2.

Only the model 2's for dementia by ICD- 10 code and demen-
tia by either ICD- 10 code or medication list were significant. 
For model 2 of dementia by ICD- 10 code, for every 10% wors-
ening in HL by word recognition score, the odds of dementia 
increased by 1.06 times (95% CI = 1.00–1.11). For model 2 by 
either ICD- 10 code or medication list, for every 10% worsen-
ing in HL by word recognition score, the odds of dementia 
increased by 1.06 times (95% CI = 1.01–1.11). Full results are 
shown in Table 3.

In model 2, for every 10 dB worsening in speech reception 
threshold, the odds of dementia, defined by ICD- 10 code, in-
creased by 1.10 times (95% CI = 1.05–1.15). Similar results were 
seen for the other definitions of dementia (Table 4), except for 
dementia defined as having both ICD- 10 code and medication 
list, which was non- significant.

Table 5 reports odds of dementia for the fully adjusted work-
ing model 2's, and which defined dementia by either ICD- 10 
code or medication list. For example, the odds of dementia for 
someone with moderate HL was 1.46 (1.26–1.68) times higher 
than the odds of someone with normal hearing, adjusting 
for covariates. Similar effect sizes were seen for analogous 
word recognition scores and speech reception thresholds. See 
Table  S1 for the breakdown of dementia vs. non- dementia 
participants across HL categories, Table S2 for dementia odds 
looking at standardized differences between the different HL 
variables, and Table S3 for the inclusion of a depression diag-
nosis covariate.

4   |   Discussion

In this EHR- based study of two large academic health systems, 
worse hearing—as defined by either higher PTA, lower word 
recognition score, or higher speech reception thresholds—was 
associated with significantly increased odds of dementia. Those 
associations remained significant despite controlling for poten-
tial confounders, such as age, sex, cardiovascular risk, and study 
site. The increased odds of dementia were clinically meaningful. 

TABLE 2    |    Logistic regression models for dementia based on pure tone average hearing (n = 31,997).

For each 10 dB 
worsening in HL…

Dementia by 
ICD- 10 Codea

Dementia by 
medication listb

Dementia by ICD- 10 Codea 
and medication listb

Dementia by 
ICD- 10 Codea or 
medication listb

n = 853 with 
dementia

n = 446 with 
dementia n = 220 with dementia

n = 1079 with 
dementia

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Model 1d 1.07 (1.02–1.12)* 1.16 (1.09–1.23)* 1.11 (1.01–1.21)* 1.10 (1.06–1.15)*

Model 2e 1.09 (1.04–1.15)* 1.13 (1.06–1.20)* 1.09 (0.99–1.19) 1.11 (1.07–1.16)*c

Abbreviations: CI = confidence interval, OR = odds ratio.
aG30.X–G32.X.
bDonepezil, galantamine, memantine, or rivastigmine.
cFully adjusted working model.
dControlled for age and sex.
eControlled for age, sex, cardiovascular risk, and site.
*p < 0.05.
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For example, an individual with a moderate HL (PTA of about 
50 dB) would have nearly 1.5 times the odds of dementia com-
pared to someone with normal hearing. An individual with 
severe HL would have over double the odds. Similar findings 
were seen for speech reception thresholds. Although these were 
observational data, taken together, they raise the question of 
whether using hearing aids as an intervention to shift patients 
from a high level of HL to a lower level may impact the odds 
of dementia. Randomized controlled trials would be needed to 
answer this.

These results support previous associations between HL and 
dementia found in national epidemiologic studies using healthy 

volunteers [12–20]. Previous work by our group has found asso-
ciations between HL and decreased cognition as measured on 
neurocognitive assessments [21, 22], or between HL and inci-
dent dementia [44–46].

With nearly 32,000 participants, this is the single largest study 
of its kind using raw EHR data to our knowledge. Uniquely, we 
found associations using three high- quality, objective meth-
ods to define HL. In particular, word recognition scores and 
speech reception thresholds have rarely been reported in epi-
demiological studies as they are largely absent from national 
epidemiologic datasets. Our primary findings of increased de-
mentia odds demonstrate the value of using an EHR system 
to identify associations with important public health prob-
lems, in this case dementia. This is enabled by numerically 
stored audiometric data and a massive scale of records. The 
presence of these additional audiometric variables in the EHR 
also enables supplementary analyses that allow us to compare 
the effect of hearing measures that might be better suited to 
evaluate more central versus peripheral hearing mechanisms 
on dementia odds. Our analyses show lower odds of demen-
tia for WRS compared to PTA across HL categories (Table 5), 
which may suggest opposition to the “reverse causation” that 
dementia causes HL on audiogram. Though further research, 
particularly in the form of clinical trials, is needed to better 
understand the causal mechanisms and directionality of HL 
on dementia, our work supports the hypothesis that not only 
is HL a modifiable risk factor for dementia, but perhaps it may 
mitigate or prevent cognitive decline. As the ACHIEVE trial 
demonstrates, HL treatment may reduce cognitive change for 
those at higher risk for dementia (older, lower baseline cog-
nitive scores, and factors such as increased cardiovascular 
risk) [32].

Most high- quality epidemiologic studies examining the as-
sociation between HL and negative health states have used 
large, national epidemiologic datasets with audiometric data 
(e.g., the National Health and Nutrition Examination Survey; 
NHANES). These datasets are often representative of the US 
population and relatively easy to access. However, EHR data 
from large medical systems have several advantages. First, a 
larger sample size improves statistical power and can enable 
finding associations within subgroups of interest. Our study 
contains data from only the first 3.5 years since the record 
system was implemented and already has nearly 32,000 adult 
subjects with audiometric data. This is substantially larger 
than studies using national epidemiologic datasets with au-
diometric information, including NHANES [47] and others 
[21, 48, 49]. Though insurance claims datasets can contain 
millions of subjects, HL is defined binarily with diagnostic 
codes [32, 45, 50–52]. Second, EHRs are longitudinal, whereas 
many prominent national epidemiologic datasets, such as 
NHANES, are cross- sectional. Our Epic EHR system is rela-
tively new, having been in existence for under 4 years as of the 
time of this analysis. We plan to perform longitudinal analy-
ses in the future. Third, EHR data will tend to contain subjects 
with more severe disease since they are based at locations of 
care. Our 3.5- year- old sample contained 642 (2%) individuals 
with severe- to- profound HL, as opposed to 21 individuals in 
NHANES after merging 18 years of data [50]. This study pro-
vides more power to create predictive models of those with 

TABLE 5    |    Odds of dementia based on levels of hearing loss 
(n = 30,713 to 31,997).

Odds of dementia 
(95% CI)

Pure tone hearing categorya (n = 31,997)

Normal Reference

Mild HL 1.24 (1.14, 1.35)

Moderate HL 1.46 (1.26, 1.68)

Moderately- Severe HL 1.71 (1.39, 2.10)

Severe HL 2.07 (1.56, 2.73)

Profound HL 2.56 (1.77, 3.67)

Word recognition scoreb (n = 30,465)

100% Reference

80% 1.12 (1.03, 1.23)

60% 1.26 (1.05, 1.51)

40% 1.42 (1.08, 1.85)

20% 1.60 (1.11, 2.27)

0% 1.80 (1.14, 2.79)

Speech reception thresholdc (n = 30,713)

0 dB Reference

20 dB 1.20 (1.10–1.31)

40 dB 1.44 (1.20–1.73)

60 dB 1.74 (1.32–2.27)

80 dB 2.09 (1.45–2.99)

100 dB 2.51 (1.59–3.93)

Note: Predictions are based on the fully adjusted working models, which 
controlled for age, sex, cardiovascular risk, and site (if applicable), and which 
defined dementia by either ICD- 10 code or mediation list.
Abbreviations: CI = confidence interval, HL = hearing loss.
aAll p < 0.001. For calculating odds, the midpoint dB value for each pure tone 
hearing category (except profound which has no upper limit) was used as 
follows: 12.5 dB for normal, 32.5 dB for mild, 47.5 dB for moderate, 62.5 dB for 
moderately- severe, 80 dB for severe, 100 dB for profound. For word recognition 
and speech reception threshold, the percentage values (for word recognition 
score) or dB values (for speech reception threshold) listed in the Table were used 
to calculate odds.
bAll p = 0.01.
cAll p < 0.001.
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more extreme disease, which would be of particular interest 
to otolaryngologists who tend to focus on severe disease as op-
posed to public health researchers who tend to focus more on 
common disease. Along similar lines, our data included 874 
participants who were at least 90 years old, an age group that 
would typically be excluded in community- based national ep-
idemiologic studies that rely on relatively healthy volunteers. 
Fourth, richer data measures are potentially available. We 
were able to analyze the word recognition score and speech 
reception threshold in addition to pure tones, which may 
better represent real- world hearing abilities and enhance the 
study's ecological validity. Other otolaryngologic variables of 
interest (i.e., dysphonia, hyposmia) that are not routinely cap-
tured in national epidemiologic studies can be studied as well 
using EHRs.

We defined dementia separately by ICD- 10 diagnostic code, the 
presence of 4 medications that are commonly used for treating 
dementia, the presence of both, and the presence of either of the 
aforementioned two definitions. This was an attempt to raise 
the sensitivity and specificity of the dementia definition, since 
diagnostic code- based or medication- based analyses in EHRs 
are proxies for accurate dementia diagnosis. We found qualita-
tively similar associations between HL and dementia in the fully 
adjusted multivariable models across all definitions except for 
the “both” condition. This exception of the “both” condition sug-
gests we may have been underpowered to identify an association 
as it contained only 220 participants (0.7% of the cohort). It is 
possible significance would have been reached with more sub-
jects. In the future, we plan to incorporate sub- analyses by spe-
cific dementia diagnoses, such as those with only Alzheimer's 
dementia. Also, new anti- amyloid medications, such as leca-
nemab, should be included in future studies now that they have 
widespread approval.

This study has limitations. As a cross- sectional analysis of ob-
servational data, we cannot infer causation, that is, we are un-
able to state HL causes dementia. Longitudinal observational 
studies as well as randomized controlled trials have the advan-
tage of exploring incident cognitive impairment (new cases over 
time). However, the long latency in developing dementia creates 
a methodologic challenge. We controlled for factors that could 
confound the relationship between hearing and dementia, such 
as age or cardiovascular risk. However, we cannot control for 
unmeasured or unknown confounders of interest (e.g., educa-
tion and genetic factors). In particular, sociodemographic vari-
ables like education are not consistently recorded in the EHR. It 
is recognized that residual confounding is common in cognitive 
aging studies, particularly with regard to social determinants of 
health. As a result, the possibility of confounding as an expla-
nation for our results is still possible. Only a properly designed 
randomized controlled trial can eliminate the possibility of con-
founding. Lastly, we chose to only use the first (baseline) audio-
gram and ignore follow- up audiograms, even if they were worse. 
In the future, we plan to perform longitudinal analyses that cap-
ture the progression of HL.

This study pooled data from two academic institutions that to-
gether capture considerable socioeconomic, racial, and cultural 
diversity, which helps make the results of this study more gener-
alizable. However, both institutions are located in New York City 

and may not capture geographic diversity [53]. This may limit the 
generalizability of findings to populations in different regions or 
countries, as well as to smaller, community healthcare settings. 
Another limitation is that we could not assess for HL treatment 
with hearing aids as the data is not coded or even consistently re-
ported (whether structured or unstructured) in the EHR system. 
However, given the overall low percentage of adults who wear 
hearing aids in the United States (about 7% of the population 
45 years and older with HL [54]) we presume that most individ-
uals with HL in this study were untreated. While limited treat-
ment data may be available for cochlear implant candidates, only 
about 2% of this study population of all adults would possibly be 
candidates [12]. Furthermore, the lack of controlling for HL treat-
ment would tend to underestimate our findings by biasing our 
results towards the null hypothesis (i.e., no association between 
HL and dementia). Finally, in some cases the word recognition 
score was coded non- numerically such as “could not test.” This 
can occur when the participant refuses the test, could not coop-
erate, or is profoundly deaf and could not detect that words were 
being presented. Because of the ambiguity, these cases could not 
be analyzed. We suspect that a non- trivial number of those who 
actually had 0% word recognition were coded as “could not test” 
and thus were not included in the analysis.

This study represents an important step in leveraging large 
EHR systems for continued inquiry into the associations be-
tween HL and dementia, as well as other potential outcomes 
such as depression, falls, or mortality. This study also comes 
at an important time as randomized controlled trials, such as 
ACHIEVE [32] and EARHLI [31], examine the effect of hear-
ing interventions on improving pre- specified outcomes such 
as cognitive change. By leveraging the size and broad array of 
subspecialty- specific variables available in EHRs, researchers 
may generate more specific epidemiologic inquiry in the quest 
to improve hearing healthcare.

5   |   Conclusion

Using a novel, large EHR, HL, as defined by PTA, word recog-
nition score, and speech reception threshold, was associated 
with clinically significant increased odds of dementia. This 
paper highlights the utility of EHRs to corroborate and ex-
pand previously studied relationships between HL and other 
age- related conditions, including dementia, with massive 
power. Future research should continue leveraging EHR sys-
tems to explore HL's associations with lesser studied variables, 
perform longitudinal analyses, and examine unique at- risk 
subpopulations.
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