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Introduction: Hearing and vision loss are highly prevalent in elderly adults, and
thus frequently occur in conjunction with cognitive impairments. Studies have shown
that hearing impairment is associated with a higher risk of dementia. However,
evidence concerning the association between vision loss and dementia, as well as the
co-occurrence of vision and hearing loss and dementia, has been inconclusive.

Objectives: To assess the association between: (i) either hearing or vision loss and
the risk of dementia, as well as between; and (ii) the combination of both sensory
impairments and the risk of dementia.

Methods: This case-control study was based on a 5-year data set that included patients
aged 65 years and older who had initially been diagnosed with dementia diseases by
one of 1,203 general practitioners in Germany between January 2013 and December
2017. In total, 61,354 identified dementia cases were matched to non-dementia controls,
resulting in a sample size of 122,708 individuals. Hearing loss and vision loss were
identified using the ICD-10 diagnoses documented in the general practitioners’ files
prior to the initial dementia diagnosis. Multivariate logistic regression models were fitted
to evaluate the associations between visual and/or hearing impairment and the risk of
dementia and controlled for sociodemographic and clinical variables.

Results: Hearing impairment was documented in 11.2% of patients with a dementia
diagnosis and 9.5% of patients without such a diagnosis. Some form of vision
impairment was documented in 28.4% of patients diagnosed with dementia and 28.8%
of controls. Visual impairment was not significantly associated with dementia (OR = 0.97,
CI = 95% 0.97–1.02, p = 0.219). However, patients with hearing impairment were at
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a significantly higher risk of developing dementia (OR = 1.26, CI = 95% 1.15–1.38,
p < 0.001), a finding that very likely led to the observed significant association of the
combination of both visual and hearing impairments and the risk of dementia (OR = 1.14,
CI = 95% 1.04–1.24, p = 0.005).

Discussion: This analysis adds important evidence that contributes to the limited body
of knowledge about the association between hearing and/or vision loss and dementia. It
further demonstrates that, of the two, only hearing impairment affects patients’ cognition
and thus contributes to dementia risk.

Keywords: dementia, hearing impairment, sensory impairments, vision loss, case-control study

BACKGROUND

Aging populations are causing a rapid increase in the number
of people affected by age-associated illnesses, such as dementia
diseases (Prince et al., 2014; Michalowsky et al., 2018).
Worldwide, more than 47million people are currently living with
dementia (PwD), and that number will increase to 75 million
by 2030 (Prince et al., 2013). The worldwide annual cost
of dementia is estimated to be $818 billion (Wimo et al.,
2017). Therefore, dementia diseases currently represent, on
average, one-third of the total societal cost of elderly care,
demonstrating that dementia diseases constitute a healthcare
priority (Michalowsky et al., 2019).

In the absence of a cure, patients need a timely diagnosis
and evidence-based treatment and care in order to control
complications, delay the progression of dementia, and
improve patient-related outcomes [Deutsche Gesellschaft
für Allgemeinmedizin und Familienmedizin e.V.(DEGAM)
(2008); Deutsche Gesellschaft für Psychiatrie, Psychotherapie
und Nervenheilkunde (DGPPN) (2015)]. Furthermore, in
addition to target the delay of disease progression, preventing
or delaying the onset of dementia is key to tackle the existing
healthcare crisis. Several studies have provided substantial
evidence of modifiable risk factors (Kivipelto and Solomon,
2009; Fratiglioni and Qiu, 2011; Mangialasche et al., 2012),
including active engagement in social and physical activities,
as well as mentally stimulating activities, all of which can
determine the risk of late-life dementia. More recently, hearing
and vision loss are evaluated as possible modifiable risk factors
of dementia diseases. Both impairments are very common in
the elderly, and their prevalence increases with age (Wilson
et al., 1999; Agrawal et al., 2008; Bourne et al., 2013; Flaxman
et al., 2017; Homans et al., 2017). Hearing loss is present in
two-thirds of adults aged 70 and older (Lin et al., 2011a,b,c)
and thus very frequently occurs in conjunction with cognitive
impairment. The same applies to vision loss, for which the
leading cause is an uncorrected refractive error or various other
conditions, such as cataracts, age-related macular degeneration,
glaucoma, and diabetic retinopathy (Gohdes et al., 2005;
Albers et al., 2015).

Previous evidence has shown that hearing impairment is
associated with a decrease in cognition and a higher risk
of dementia diseases. The meta-analysis of Wei et al. (2017)

aggregated data on more than 15,000 subjects from different
cohort studies, revealing that hearing loss was associated with
a greater risk for cognitive impairment (RR 1.3, CI 95%
1.12–1.51) and dementia (RR 2.4, CI 95% 1.58–3.61). This
was confirmed in a second meta-analysis recently published
by Loughrey et al. (2018) aggregating different cohort and
cross-sectional studies.

In addition, an uncorrected refractive error, for example,
could also lead to neuropathological changes (Albers et al., 2015).
Therefore, both sensory impairments could be associated with
decreased cognitive function. Based on a retrospective cohort
study, Davies-Kershaw et al. (2018) revealed that moderate
and severe vision loss was significantly associated with an
increased risk of dementia. However, despite this and other
evidence (Reyes-Ortiz et al., 2005; Clemons et al., 2006; Pham
et al., 2006; Rogers and Langa, 2010; Davies-Kershaw et al.,
2018), longitudinal studies have shown inconclusive evidence
concerning the association between vision loss and the risk
of dementia (Lin et al., 2004; Reyes-Ortiz et al., 2005; Sloan
et al., 2005; Valentijn et al., 2005; Fischer et al., 2016; Hong
et al., 2016; Naël et al., 2019). Most studies have focused on
the cognitive decline rather than on dementia, used varied
diagnostic criteria, or have been based on a subjective rather
than an objective assessment, using small sample sizes or
cross-sectional data.

According to the results of recent studies, the combination
of both of these age-related sensory impairments, i.e., vision
and hearing loss, could result in a higher risk of cognitive
decline and dementia diseases. Based on a prospective cohort
study of more than 6,000 women aged 69 and older, Lin et al.
(2004) revealed that vision loss—but not a hearing loss—was
associated with cognitive and functional decline, which is not
in line with the existing evidence for the effect of hearing
impairment. A combination of both sensory impairments was
found to be significantly associated with the greatest odds for
cognitive decline in this study. Contrary to this finding, Hong
et al. (2016) demonstrated, based on a population study of more
than 3,500 participants, that dual sensory impairment was not
significantly associated with a subsequent decline in cognition.

Therefore, the evidence is currently inconclusive, and there
is a scarcity of knowledge regarding the additive combination
of both sensory impairments and their association with a higher
risk of dementia. This study aimed to assess: (i) the association
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between either hearing or vision loss and the risk of dementia
separately, as well as; and (ii) the association of the additive
combination of both sensory impairments—hearing and vision
loss—and the risk of dementia, using a large representative
sample of more than 120,000 German adults aged 65 and older
and an objective measure of sensory impairment.

MATERIALS AND METHODS

Overview
This case-control study was based on a 5-year data set that
included patients aged 65 years and older who had initially been
diagnosed with dementia by one of 1,203 general practitioners
in Germany (cases) between January 2013 and December 2017
(index date) and patients without any dementia diagnoses during
this time period (controls). In total, n = 61,354 identified
dementia cases were matched to non-dementia controls,
resulting in a sample of 122,708 patients with or without
dementia. Hearing loss and vision loss (diagnosed prior to the
dementia diagnosis) were identified using the ICD-10 diagnoses
documented in the general practitioners’ files. Logistic regression
models were conducted to evaluate the association between visual
and/or hearing impairment and dementia.

Database
This study was based on data from the Disease Analyzer database
(IQVIA), which compiles drug prescriptions, diagnoses, and
basic medical and demographic data obtained directly and
in anonymous format from computer systems used in the
practices of general practitioners and specialists (Rathmann
et al., 2018), covering about 3% of all outpatient practices in
Germany. Diagnoses [International Classification of Diseases,
10th revision (ICD-10)], prescriptions [Anatomical Therapeutic
Chemical (ATC) Classification system], and the quality of
reported data are monitored by IQVIA based on a number
of criteria (e.g., completeness of documentation, the linkage
between diagnoses and prescriptions). In Germany, the sampling
methods used to select the practices are appropriate for obtaining
a representative database of primary and specialized care
practices (Rathmann et al., 2018).

Study Population, Sample Size, Participant
Flow, and Drop Out
This case control-study included patients diagnosed with
dementia (ICD-10: F01, F03, G30, F06.7) by one of 1,203 general
practitioners in Germany between January 2013 and December
2017 (Figure 1). Inclusion criteria were as follows: age ≥65 years
at the index date; observation time of at least 12 months prior to
the index date.

After applying similar inclusion criteria, dementia cases
were matched to non-dementia controls by age, sex, health
insurance coverage, practice, index year (year of dementia
diagnosis), and comorbidities (diabetes, ischemic heart diseases,
stroke (including transient ischemic attack), intracranial
injury, epilepsy, Parkinson’s disease, and depression). For
the controls, the index date was that of a randomly selected
visit between January 2013 and December 2017 (Figure 1).

Overall, the present study included a total of 122,708 patients,
comprising 61,354 patients with dementia and 61,354 patients
without dementia.

Study Outcomes and Variables
The main outcomes of the study were the associations between
objective hearing and visual impairment and dementia. As
described above, the following ICD-10 diagnoses received on
the index date were used to identify patients with dementia:
F01, F03, G30, and F06.7. In order to identify patients with
hearing impairment prior to the initial dementia diagnosis, as
well as categorize hearing impairment, one of the following
two diagnoses documented by general practitioners was used:
conductive and sensorineural hearing loss (ICD-10 diagnosis:
H90) or other hearing loss (H91). To identify patients with
visual impairment prior to the dementia diagnosis, one or
more of the following diagnoses were used: disorders of
lens (H25–H28), disorders of choroid and retina (H30–H36),
glaucoma (H40–H42), disorders of vitreous body and globe
(H43–H45), disorders of optic nerve and visual pathways
(H46–H48), disorders of ocular muscles, binocular movement,
accommodation and refraction (H49–H52), visual disturbances
(H53), and visual impairment including blindness (H54).

Furthermore, socio-demographic data, including age,
sex, health insurance coverage, and co-existing morbidities
documented prior to the dementia diagnosis, such as diabetes
mellitus (E10–14), ischemic heart disease (I20–I25), stroke
including TIA (I60–I64, G45), intracranial injury (S06), epilepsy
(G40, G41), Parkinson’s disease (G20, G21), and depression
(F32, F33) were assessed.

Statistical Analyses
To validate the matching procedure, differences in the sample
characteristics between those with and those without a
dementia diagnosis were tested by using chi-squared tests
for categorical variables and Wilcoxon tests for continuous
variables. Multivariate logistic regression models were used to
evaluate the association between visual and hearing impairment
and dementia incidence. The association between any or a
specific visual or hearing impairment diagnosis and the risk
of dementia were evaluated separately. That means that, for
each hearing or vision impairment diagnosis, a separate model
was used to test the association between each specific or any
impairment and dementia incidence. In addition, to evaluate
the association between hearing and vision loss and dementia
incidence compared to healthy controls without vision or hearing
impairment, patients were classified into one of the following
four groups: only hearing impairment, only visual impairment,
both hearing, and visual impairment, and no hearing and no
visual impairment (reference group). All models were adjusted
for age, sex, health insurance coverage, and the following
comorbidities: diabetes mellitus, ischemic heart disease, stroke,
intracranial injury, epilepsy, Parkinson’s disease, and depression.
Analyses were carried out using SAS version 9.4.

Ethical Aspects
German law allows for the use of anonymous electronic
medical records for research purposes under certain conditions.
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FIGURE 1 | Study flow chart.

According to German legislation, it is not necessary to obtain
informed consent from patients or approval from a medical
ethics committee for this type of observational study, which
contains no directly identifiable data. Therefore, no protected
health information was available for queries and no Institutional
Review Board (IRB) approval was required for the use of this
database or the completion of this study.

RESULTS

Patients were on average 81 years old, the majority were female
(61%), and more than one-third were suffering from diabetes
(41%), ischemic heart disease (39%), or depression (32%). The
matching procedure successfully resulted in non-significant
differences in socio-demographic and clinical variables between
patients with dementia diseases and non-dementia controls. A
description of the sample is given in Table 1.

Prevalence of Hearing and Vision Loss
Table 2 represents the proportions of patients with and
without dementia and with documented visual and hearing
impairment diagnoses prior to the dementia diagnosis. Hearing
impairment was documented in 11.2% of patients with and
9.5% of patients without dementia. Another hearing loss
(ICD-10 H91) was documented most frequently (10.4% vs.
8.9%), while the conductive and sensorineural hearing loss
was reported less frequently (1.2% vs. 0.9%) in patients
with dementia than in patients without dementia. However,
both were found more often in these patients than in
non-dementia controls.

Vision impairment (of any type) was documented in 28.4%
of patients later diagnosed with dementia compared to 28.8%
of controls. Disorders of the lens (12.6% vs. 12.7%) and visual
disturbances were documented most frequently (9.3% vs. 9.2%).
However, vision loss was nearly equally prevalent in patients with
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TABLE 1 | Basic characteristics of study patients (after 1:1 matching by age,
sex, health insurance coverage, physician, index year, and comorbidities).

Proportion
among

patients with
dementia (%;
n = 61,354)

Proportion
among patients

without
dementia (%;
n = 61,354)

p-value

Age
Mean, SD 80.7 (6.8) 80.7 (6.8) 1.000
Age 65–69 5.5 5.5 1.000
Age 70–79 38.3 38.3
Age 80–89 45.2 45.2
Age ≥90 11.0 11.0

Sex
Female 61.0 61.0 1.000
Male 39.0 39.0

Insurance
Private health insurance 4.9 4.9 1.000
coverage
Statutory health 95.1 95.1
insurance coverage

Comorbidities (documented
diagnoses within
12 months prior to the
index date)

Diabetes mellitus 40.6 40.6 1.000
(E10–14)
Ischemic heart disease 38.5 38.5 1.000
(I20–I25)
Stroke incl. TIA (I60–I64, 15.6 15.6 1.000
G45)
Intracranial injury (S06) 1.5 1.5 1.000
Epilepsy (G40, G41) 2.6 2.6 1.000
Parkinson’s disease 4.4 4.4 1.000
(G20, G21)
Depression (F32, F33) 32.2 32.2 1.000

dementia and those without dementia, without any detectable
trend favoring one of these groups.

The presence of hearing impairment exclusively, without
any vision impairment, was detected in 5.7% of patients with
and 4.5% without dementia. By contrast, vision impairment
exclusively, without any hearing impairment, was found more
often in non-dementia controls (23.9%) compared to patients
later diagnosed with dementia (22.9%). A combination of both
hearing and vision impairment was found in 5.5% of patients
with and 4.9% of patients without dementia.

Association Between Hearing and/or
Vision Loss and Dementia
Any hearing impairment (OR: 1.21, 95% CI 1.13–1.29, p< 0.001)
as well as each separate hearing impairment diagnosis, such as
conductive and sensorineural hearing loss (OR: 1.27, 95% CI
1.05–1.54, p = 0.015) and other hearing loss (OR: 1.20, 95%
CI 1.20–1.28, p < 0.001) were significantly associated with an
increased risk of dementia. No association was observed between
any (OR = 0.98, 95% CI 0.98–1.03, p = 0.434) or a specific visual
impairment diagnosis and dementia.

In addition, the combination of both hearing and visual
impairments was significantly associated with a higher risk of
dementia (OR = 1.14, 95% CI 1.04–1.24, p = 0.005). However,

the risk of developing dementia diseases was lower compared to
the group of patients who had hearing impairment exclusively
(OR = 1.26, 95% CI 1.15–1.38, p < 0.001). Therefore, visual
impairment alone was not significantly associated with dementia
(OR = 0.97, 95% CI 0.97–1.02, p = 0.219) compared to the
reference group of patients without any hearing and visual
impairment. Table 2 shows the results of the multivariate
regression analyses.

DISCUSSION

This analysis adds important evidence that contributes to
the limited body of knowledge on the association between
hearing and/or vision loss and dementia, demonstrating that
hearing impairment only is significantly associated with a
higher risk of dementia. Neither of the documented diagnoses
objectively indicated that vision loss or the combination of
visual and hearing impairment was significantly associated
with dementia.

Several previous studies have evaluated the association
between hearing loss and the risk of dementia. Loughrey et al.
(2018) revealed, based on a meta-analysis of 20,264 subjects from
different prospective cohort studies, that hearing impairment
was significantly associated with dementia diseases (OR 1.28;
CI 95% 1.02–1.59). This finding is in line with the results
of the present analysis. Due to the larger sample size in our
analysis, the confidence interval of our analysis was smaller
and, thus, our results are more precise (Wei et al., 2017;
Loughrey et al., 2018).

However, there is some evidence suggesting that vision loss
is associated with an increased risk of developing dementia
diseases. Based on a retrospective cohort study that included
7,685 patients, Davies-Kershaw et al. (2018) revealed that
patients who rated their own vision as moderate were two
times (HR 2.0, CI 95% 1.4–3.1) and those with very poor
vision, which was comparable to being blind, four times (HR
4.0, CI 95% 2.6–6.1) more likely to have dementia compared
to those without vision impairment. Furthermore, based on a
population cohort of 7,736 initially healthy and non-dementia
patients, Naël et al. (2019) revealed that moderate to severe
near-vision impairment was also associated with an increased
risk of dementia in the first 4 years of follow-up (HR 2.0, CI
95% 1.2–3.3), but not when patients were followed for more
than 4 years. Furthermore, self-reported vision impairment was
associated with an increased risk of dementia within the time
frame of 4 years (HR 1.5, CI 95% 1.1–2.0), but this association
was no longer significant after adjusting for important baseline
covariates, such as cognitive impairment. Therefore, these results
may suggest that vison loss could be associated with an increased
risk in the short-term. However, results remain uncertain in the
long run. Our findings showed that there was no significant
association with an increased risk of dementia for any of the
objective measures of vision loss. Neither refraction disorders
nor severe visual impairment—including blindness—were found
to be significantly associated with an increased risk of dementia
diseases, which is contrary to some previous findings. The study
of Davies-Kershaw et al. (2018) was based on a large nationwide
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TABLE 2 | Prevalence of hearing and vision loss and their association with dementia in general practices in Germany.

Diagnosis (ICD-10 Code) Proportion
among patients

with dementia (%)

Proportion among
patients without
dementia (%)

Odds ratio (95% CI) p-value

Hearing impairment
Any hearing impairment (H90, H91) 11.2 9.5 1.21 (1.13–1.29) <0.001
Conductive and sensorineural hearing loss (H90) 1.2 0.9 1.27 (1.05–1.54) 0.015
Other hearing loss (H91) 10.4 8.9 1.20 (1.12–1.28) <0.001

Visual impairment
Any visual impairment (H25–H54) 28.4 28.8 0.98 (0.94–1.03) 0.434
Disorders of lens (H25–H28) 12.6 12.7 1.00 (0.94–1.06) 0.905
Disorders of choroid and retina (H30–H36) 3.7 3.6 1.03 (0.93–1.14) 0.593
Glaucoma (H40–H42) 4.7 5.0 0.93 (0.85–1.02) 0.110
Disorders of vitreous body and globe (H43–H45) 0.3 0.4 0.83 (0.60–1.14) 0.254
Disorders of optic nerve and visual pathways (H46–H48) 0.2 0.2 0.93 (0.61–1.42) 0.745
Disorders of ocular muscles, binocular movement, accommodation 2.4 2.3 1.02 (0.90–1.16) 0.743
and refraction (H49–H52)
Visual disturbances (H53) 9.3 9.2 1.00 (0.94–1.07) 0.932
Visual impairment including blindness (H54) 5.1 5.4 0.94 (0.86–1.03) 0.174

Having both hearing and visual impairment1 5.5 4.9 1.14 (1.04–1.24) 0.005
Only hearing impairment1 5.7 4.5 1.26 (1.15–1.38) <0.001
Only visual impairment1 22.9 23.9 0.97 (0.93–1.02) 0.219
No hearing and no visual impairment 65.9 66.7 Reference

1Reference: patients without hearing and vision impairment. Multivariate logistic regression models were adjusted for age, sex, health insurance coverage, and the following
comorbidities: diabetes mellitus, ischemic heart disease, stroke, intracranial injury, epilepsy, Parkinson’s disease, and depression.

sample of people aged 50 years and older. However, just 2.5%
(n = 195) of patients in the sample were diagnosed with dementia
diseases, which is well below the general population estimates for
a group of the same age composition. Furthermore, the observed
association was based on a much smaller sample size when
compared to this analysis (Matthews et al., 2013, 2016).

Even though dementia diseases are, in fact, underdiagnosed,
the low number of dementia cases in this study limits
the generalizability of these findings. Furthermore, even
though some studies confirmed the comparability and validity
of subjective and objective measures of vision impairment
(Whillans and Nazroo, 2014), the use of some listed diagnoses
made by general practitioners that are related to vision loss
(Davies-Kershaw et al., 2018) could be a further reason for
the deviating results, especially since only a single question
was used to assess the self-reported vision loss, whatever the
cause of vision loss was. The information given in primary
and secondary data sets could tremendously differ with respect
to the identification of patients’ sensory impairments. Whereas
hearing impairment is usually well-documented in general
practitioners’ files, this does not apply for vision impairment,
as demonstrated by this analysis. Therefore, further research
is needed to evaluate if the secondary datasets are valid for
the identification of sensory impairments, especially vision
impairment. In addition, the ability to self-report vision loss
probably varies according to cognitive capacities. This could be
the reason for the inconsistent findings regarding a significant
association between vision loss and the risk of dementia,
which has been observed in previous studies. Therefore, further
research is needed to clarify the validity of objective and
subjective measures for vision loss, as well as explain the
differences in their association with a higher risk of developing
dementia diseases.

The results of our study demonstrated that only hearing
loss is associated with a higher risk of dementia diseases and
that the combination of both hearing and vision loss certainly
increases sensory impairment, but not the risk of developing
dementia diseases, thus demonstrating the importance of hearing
ability as a protective factor against dementia patients. People
with hearing loss have various neuronal changes. Hearing loss
in older adults may result in an acceleration of aging because
the nervous systems can alter synapses and neural anatomy
(Martini et al., 2014). To compensate for the decreased auditory
input that is caused by hearing loss, more listening effort is
required through the additional recruitment of frontal areas
(Campbell and Sharma, 2013). In hearing-impaired patients,
an increase in cognitive load occurs. Consequently, cognitive
processes such as memory and executive function are adversely
affected (Boyle et al., 2008). Thus, hearing loss may alter the
usual pattern of resource allocation in the brain, affecting neural
reserves and cognitive performance (Lin et al., 2013), and leading
to altered auditory processing. Hence, early onset of hearing
loss in older adults may causally accelerate atrophy in the
entire brain, which could lead to cognitive reserve depletion
in the brain (Lin et al., 2014). The coexistence of hearing loss
in patients living with dementia could cause adverse patient-
related outcomes due to difficulties in participating in daily social
activities and to breakdowns in communication between patients
and caregivers and between patients and professionals. These
challenges, in turn, can lead to social exclusion, increase stress
and fatigue, and exacerbate neuropsychiatric behaviors, such as
apathy, depression, and aggression (Slaughter et al., 2014; Palmer
et al., 2017). All of these are related to a lower health-related
quality of life.

Even though the prevalence of hearing loss in patients
living with dementia is very high and the association between
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hearing loss and cognitive decline is well studied, the utilization
of hearing aids is only moderate (Nirmalasari et al., 2017).
Maharani et al. (2018) revealed that early recognition and
treatment of hearing loss could have the potential to slow down
cognitive decline and potentially delay the onset of dementia,
and should, therefore, be a focus of healthcare providers and
care management models. Therefore, hearing impairment must
be identified early in older adults and in patients living with
dementia, and the unmet need for effective hearing aids must
be met. Collaborative care management approaches could be
a potential tool for improving this situation, and thus help
patients get access to such important aids, which can delay
the progression of this degenerative disease. Therefore, several
commissions—such as, for example, the Lancet Commission
on Dementia Prevention, Intervention, and Care—highlight the
importance of optimizing hearing in patients with dementia
in order to improve the management of psychosis, agitation,
and depression related to this condition (Livingston et al.,
2017). According to the findings of previously published
studies, as well as the current study, early recognition and
treatment of hearing loss has the potential to delay the onset
of dementia diseases and improve patients’ outcomes. It should,
therefore, be a focal point for healthcare providers and care
management models. However, further research is needed to
evaluate the efficacy and cost-effectiveness of such hearing aids
in patients where cognitive impairment or dementia and hearing
loss coexist.

Strengths and Limitations
We conducted a case-control study of patients with and
without a diagnosis of a dementia disease, using data from
GP practices. The diagnoses listed in the files of the general
practitioners are usually used for reimbursement. Therefore, the
data may not be complete, especially not for vision impairment
diagnoses, which are, in most cases, not documented in general
practitioners’ files. Among the elderly, the prevalence of vision
impairment is approximately 70%. In this study, diagnoses
related to vision impairment of any type was only documented
in 28% of cases, demonstrating that vision impairment was
underdiagnosed and underrepresented in this data set. This
limits the generalizability of the non-significant association
found between dementia and vision impairment and should,

therefore, be evaluated in further research, using other objective
or subjective measures.

Furthermore, hearing impairment during the cognitive
assessment or dementia screening procedures might anticipate
the dementia diagnoses due to the fact that patients are
unable to hear and, thus, to understand questions included
in the assessment correctly, even though these patients might
not be cognitively impaired. This could lead to false-positive
dementia diagnoses and, thus, could support the association
between hearing loss and dementia. In addition, our analyses
were based on the initially documented dementia diagnoses. It
should be noted that the basic process for recognizing cognitive
impairment is completely different compared to the process used
for reimbursement purposes. Therefore, the diagnoses used in
the analyses are not verified for their correctness and accuracy.
This also applies to the diagnosis of hearing and vision loss.
In addition, dementia diseases are underdiagnosed by general
practitioners. In Germany, only 40% of PwD are formally
diagnosed with dementia. This diagnosis rate of dementia in
German primary care is well within the range of the international
data (20%–50%; Eichler et al., 2014). This analysis was based on
diagnoses listed in the files of general practitioners. Diagnoses
made by specialists such as neurologists or psychiatrists, who
usually handle the differential diagnosis process, were not
included in this analysis, which limits the generalizability of
the results.

Despite these limitations, the strength of the present study
was that the analysis was based on a total of 122,708 patients
treated by their general practitioners. Therefore, the sample is
adequate for answering the research questions, with considerable
external validity.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

AUTHOR CONTRIBUTIONS

BM drafted the manuscript. KK is responsible for the statistical
analyses. WH contributed significantly to the manuscript.

REFERENCES

Agrawal, Y., Platz, E. A., and Niparko, J. K. (2008). Prevalence of hearing
loss and differences by demographic characteristics among US adults:
data from the national health and nutrition examination survey,
1999–2004. Arch. Intern. Med. 168, 1522–1530. doi: 10.1001/archinte.168.
14.1522

Albers, M. W., Gilmore, G. C., Kaye, J., Murphy, C., Wingfield, A., Bennett, D. A.,
et al. (2015). At the interface of sensory and motor dysfunctions and
Alzheimer’s disease. Alzheimers Dement. 11, 70–98. doi: 10.1016/j.jalz.2014.
04.514

Bourne, R. R., Stevens, G. A., White, R. A., Smith, J. L., Flaxman, S. R., Price, H.,
et al. (2013). Causes of vision loss worldwide, 1990–2010: a systematic analysis.
Lancet Glob. Health 1, e339–e349. doi: 10.1016/S2214-109X(13)70113-X

Boyle, P. A., Wilson, R. S., Schneider, J. A., Bienias, J. L., and Bennett, D. A.
(2008). Processing resources reduce the effect of Alzheimer pathology on other

cognitive systems. Neurology 70, 1534–1542. doi: 10.1212/01.wnl.0000304345.
14212.38

Campbell, J., and Sharma, A. (2013). Compensatory changes in cortical
resource allocation in adults with hearing loss. Front. Syst. Neurosci. 7:71.
doi: 10.3389/fnsys.2013.00071

Clemons, T. E., Rankin, M. W., McBee, W. L., and Age-Related Eye Disease
Study Research Group. (2006). Cognitive impairment in the age-related eye
disease study: AREDS report no. 16. Arch. Ophthalmol. 124, 537–543. doi: 10.
1001/archopht.124.4.537

Davies-Kershaw, H. R., Hackett, R. A., Cadar, D., Herbert, A., Orrell, M., and
Steptoe, A. (2018). Vision impairment and risk of dementia: findings from
the english longitudinal study of ageing. J. Am. Geriatr. Soc. 66, 1823–1829.
doi: 10.1111/jgs.15456

Deutsche Gesellschaft für Allgemeinmedizin und Familienmedizin
e.V.(DEGAM). (2008). DEGAM-Leitlinie Nr 12: Demenz. Düsseldorf:
Omikron Publishing.

Frontiers in Aging Neuroscience | www.frontiersin.org 7 December 2019 | Volume 11 | Article 363

https://doi.org/10.1001/archinte.168.14.1522
https://doi.org/10.1001/archinte.168.14.1522
https://doi.org/10.1016/j.jalz.2014.04.514
https://doi.org/10.1016/j.jalz.2014.04.514
https://doi.org/10.1016/S2214-109X(13)70113-X
https://doi.org/10.1212/01.wnl.0000304345.14212.38
https://doi.org/10.1212/01.wnl.0000304345.14212.38
https://doi.org/10.3389/fnsys.2013.00071
https://doi.org/ 10.1001/archopht.124.4.537
https://doi.org/ 10.1001/archopht.124.4.537
https://doi.org/10.1111/jgs.15456
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles


Michalowsky et al. Hearing and Vision Loss in Dementia Patients

Deutsche Gesellschaft für Psychiatrie, Psychotherapie und Nervenheilkunde
(DGPPN). (2015). S3-Leitlinie ‘‘Demenzen’’. Available online at:
http://www.dgn.org/images/red_leitlinien/LL_2015/PDFs_Download/Demenz/
REV_S3-leiltlinie-demenzen.pdf

Eichler, T., Thyrian, J. R., Hertel, J., Köhler, L., Wucherer, D., Dreier, A., et al.
(2014). Rates of formal diagnosis in people screened positive for dementia
in primary care: results of the DelpHi-Trial. J. Alzheimers Dis. 42, 451–458.
doi: 10.3233/JAD-140354

Fischer, M. E., Cruickshanks, K. J., Schubert, C. R., Pinto, A. A., Carlsson, C. M.,
Klein, B. E., et al. (2016). Age-related sensory impairments and risk of
cognitive impairment. J. Am. Geriatr. Soc. 64, 1981–1987. doi: 10.1111/jgs.
14308

Flaxman, S. R., Bourne, R. R. A., Resnikoff, S., Ackland, P., Braithwaite, T.,
Cicinelli, M. V., et al. (2017). Global causes of blindness and distance
vision impairment 1990–2020: a systematic review and meta-analysis.
Lancet. Global Health 5, e1221–e1234. doi: 10.1016/S2214-109X(17)
30393-5

Fratiglioni, L., and Qiu, C. (2011). Prevention of cognitive decline in ageing:
dementia as the target, delayed onset as the goal. Lancet Neurol. 10, 778–779.
doi: 10.1016/s1474-4422(11)70145-4

Gohdes, D. M., Balamurugan, A., Larsen, B. A., and Maylahn, C. (2005). Age-
related eye diseases: an emerging challenge for public health professionals. Prev.
Chronic. Dis. 2:A17.

Homans, N. C., Metselaar, R. M., Dingemanse, J. G., van der Schroeff, M. P.,
Brocaar, M. P., Wieringa, M. H., et al. (2017). Prevalence of age-related
hearing loss, including sex differences, in older adults in a large cohort study.
Laryngoscope 127, 725–730. doi: 10.1002/lary.26150

Hong, T., Mitchell, P., Burlutsky, G., Liew, G., and Wang, J. J. (2016). Visual
impairment, hearing loss and cognitive function in an older population:
longitudinal findings from the blue mountains eye study. PLoS One
11:e0147646. doi: 10.1371/journal.pone.0147646

Kivipelto, M., and Solomon, A. (2009). Preventive neurology: on the way
from knowledge to action. Neurology 73, 168–169. doi: 10.1212/WNL.
0b013e3181ad1df4

Lin, F. R., Ferrucci, L., An, Y., Goh, J. O., Doshi, J., Metter, E. J., et al.
(2014). Association of hearing impairment with brain volume changes
in older adults. Neuroimage 90, 84–92. doi: 10.1016/j.neuroimage.2013.
12.059

Lin, M. Y., Gutierrez, P. R., Stone, K. L., Yaffe, K., Ensrud, K. E., Fink, H. A.,
et al. (2004). Vision impairment and combined vision and hearing impairment
predict cognitive and functional decline in older women. J. Am. Geriatr. Soc.
52, 1996–2002. doi: 10.1111/j.1532-5415.2004.52554.x

Lin, F. R., Metter, E. J., O’Brien, R. J., Resnick, S. M., Zonderman, A. B., and
Ferrucci, L. (2011a). Hearing loss and incident dementia. Arch. Neurol. 68,
214–220. doi: 10.1001/archneurol.2010.362

Lin, F. R., Niparko, J. K., and Ferrucci, L. (2011b). Hearing loss prevalence in the
United States. Arch. Intern. Med. 171, 1851–1852. doi: 10.1001/archinternmed.
2011.506

Lin, F. R., Thorpe, R., Gordon-Salant, S., and Ferrucci, L. (2011c). Hearing
loss prevalence and risk factors among older adults in the United States.
J. Gerontol. A Biol. Sci. Med. Sci. 66, 582–590. doi: 10.1093/gerona/
glr002

Lin, F. R., Yaffe, K., Xia, J., Xue, Q. L., Harris, T. B., Purchase-Helzner, E.,
et al. (2013). Hearing loss and cognitive decline in older adults.
JAMA Intern. Med. 173, 293–299. doi: 10.1001/jamainternmed.20
13.1868

Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S. G., Huntley, J.,
Ames, D., et al. (2017). Dementia prevention, intervention and care. Lancet 390,
2673–2734. doi: 10.1016/S0140-6736(17)31363-6

Loughrey, D. G., Kelly, M. E., Kelley, G. A., Brennan, S., and Lawlor, B. A.
(2018). Association of age-related hearing loss with cognitive function,
cognitive impairment and dementia: a systematic review and meta-analysis.
JAMA Otolaryngol. Head Neck Surg. 144, 115–126. doi: 10.1001/jamaoto.
2017.2513

Maharani, A., Dawes, P., Nazroo, J., Tampubolon, G., Pendleton, N., and S.E.-
group, C. W. (2018). Longitudinal relationship between hearing aid use and
cognitive function in older americans. J. Am. Geriatr. Soc. 66, 1130–1136.
doi: 10.1111/jgs.15363

Mangialasche, F., Kivipelto, M., Solomon, A., and Fratiglioni, L. (2012).
Dementia prevention: current epidemiological evidence and future perspective.
Alzheimer. Res. Ther. 4:6. doi: 10.1186/alzrt104

Martini, A., Castiglione, A., Bovo, R., Vallesi, A., and Gabelli, C. (2014).
Aging, cognitive load, dementia and hearing loss. Audiol. Neurootol. 19, 2–5.
doi: 10.1159/000371593

Matthews, F. E., Arthur, A., Barnes, L. E., Bond, J., Jagger, C., Robinson, L., et al.
(2013). A two-decade comparison of prevalence of dementia in individuals
aged 65 years and older from three geographical areas of england: results
of the cognitive function and ageing study I and II. Lancet 382, 1405–1412.
doi: 10.1016/S0140-6736(13)61570-6

Matthews, F. E., Stephan, B. C., Robinson, L., Jagger, C., Barnes, L. E.,
Arthur, A., et al. (2016). A two decade dementia incidence comparison from
the cognitive function and ageing studies I and II. Nat. Commun. 7:11398.
doi: 10.1038/ncomms11398

Michalowsky, B., Kaczynski, A., and Hoffmann, W. (2019). The economic
and social burden of dementia diseases in Germany-A meta-analysis.
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 62, 981–992.
doi: 10.1007/s00103-019-02985-z

Michalowsky, B., Kostev, K., Hoffmann, W., and Bohlken, J. (2018). Indicators of
an increase in dementia diagnosis rate in primary care. Z. Gerontol. Geriatr. 51,
517–522. doi: 10.1007/s00391-017-1336-x

Naël, V., Pérès, K., Dartigues, J. F., Letenneur, L., Amieva, H., Arleo, A.,
et al. (2019). Vision loss and 12-year risk of dementia in older adults: the
3C cohort study. Eur. J. Epidemiol. 34, 141–152. doi: 10.1007/s10654-018-
00478-y

Nirmalasari, O., Mamo, S. K., Nieman, C. L., Simpson, A., Zimmerman, J.,
Nowrangi, M. A., et al. (2017). Age-related hearing loss in older
adults with cognitive impairment. Int. Psychogeriatr. 29, 115–121.
doi: 10.1017/S1041610216001459

Palmer, C. V., Mulla, R., Dervin, E., and Coyan, K. C. (2017). HearCARE: hearing
and communication assistance for resident engagement. Semin. Hear. 38,
184–197. doi: 10.1055/s-0037-1601574

Pham, T. Q., Kifley, A., Mitchell, P., andWang, J. J. (2006). Relation of age-related
macular degeneration and cognitive impairment in an older population.
Gerontology 52, 353–358. doi: 10.1159/000094984

Prince, M., Albanese, E., Guerchet, M., and Prina, M. (2014). World
Alzheimer Report 2014-Dementia and Risk Reduction, an Analysis of
Protective and Modifiable Risk Factors. London: Alzheimer’s Disease
International (ADI).

Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W., and Ferri, C. P.
(2013). The global prevalence of dementia: a systematic review and
metaanalysis. Alzheimers Dement. 9, 63.e2–75.e2. doi: 10.1016/j.jalz.2012.
11.007

Rathmann, W., Bongaerts, B., Carius, H. J., Kruppert, S., and Kostev, K.
(2018). Basic characteristics and representativeness of the German disease
analyzer database. Int. J. Clin. Pharmacol. Ther. 56, 459–466. doi: 10.5414/CP2
03320

Reyes-Ortiz, C. A., Kuo, Y. F., DiNuzzo, A. R., Ray, L. A., Raji, M. A., and
Markides, K. S. (2005). Near vision impairment predicts cognitive decline:
data from the hispanic established populations for epidemiologic studies of the
elderly. J. Am. Geriatr. Soc. 53, 681–686. doi: 10.1111/j.1532-5415.2005.53219.x

Rogers, M. A., and Langa, K. M. (2010). Untreated poor vision: a
contributing factor to late-life dementia. Am. J. Epidemiol. 171, 728–735.
doi: 10.1093/aje/kwp453

Slaughter, S. E., Hopper, T., Ickert, C., and Erin, D. F. (2014). Identification
of hearing loss among residents with dementia: perceptions of health
care aides. Geriatr. Nurs. 35, 434–440. doi: 10.1016/j.gerinurse.2014.
07.001

Sloan, F. A., Ostermann, J., Brown, D. S., and Lee, P. P. (2005). Effects of
changes in self-reported vision on cognitive, affective and functional status
and living arrangements among the elderly. Am. J. Ophthalmol. 140, 618–627.
doi: 10.1016/j.ajo.2005.01.019

Valentijn, S. A., van Boxtel, M. P., van Hooren, S. A., Bosma, H., Beckers, H. J.,
Ponds, R. W., et al. (2005). Change in sensory functioning predicts change
in cognitive functioning: results from a 6-year follow-up in the maastricht
aging study. J. Am. Geriatr. Soc. 53, 374–380. doi: 10.1111/j.1532-5415.2005.
53152.x

Frontiers in Aging Neuroscience | www.frontiersin.org 8 December 2019 | Volume 11 | Article 363

http://www.dgn.org/images/red_leitlinien/LL_2015/PDFs_Download/Demenz/REV_S3-leiltlinie-demenzen.pdf
http://www.dgn.org/images/red_leitlinien/LL_2015/PDFs_Download/Demenz/REV_S3-leiltlinie-demenzen.pdf
https://doi.org/10.3233/JAD-140354
https://doi.org/10.1111/jgs.14308
https://doi.org/10.1111/jgs.14308
https://doi.org/10.1016/S2214-109X(17)30393-5
https://doi.org/10.1016/S2214-109X(17)30393-5
https://doi.org/10.1016/s1474-4422(11)70145-4
https://doi.org/10.1002/lary.26150
https://doi.org/10.1371/journal.pone.0147646
https://doi.org/10.1212/WNL.0b013e3181ad1df4
https://doi.org/10.1212/WNL.0b013e3181ad1df4
https://doi.org/10.1016/j.neuroimage.2013.12.059
https://doi.org/10.1016/j.neuroimage.2013.12.059
https://doi.org/10.1111/j.1532-5415.2004.52554.x
https://doi.org/10.1001/archneurol.2010.362
https://doi.org/10.1001/archinternmed.2011.506
https://doi.org/10.1001/archinternmed.2011.506
https://doi.org/10.1093/gerona/glr002
https://doi.org/10.1093/gerona/glr002
https://doi.org/10.1001/jamainternmed.2013.1868
https://doi.org/10.1001/jamainternmed.2013.1868
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1001/jamaoto.2017.2513
https://doi.org/10.1001/jamaoto.2017.2513
https://doi.org/10.1111/jgs.15363
https://doi.org/10.1186/alzrt104
https://doi.org/10.1159/000371593
https://doi.org/10.1016/S0140-6736(13)61570-6
https://doi.org/10.1038/ncomms11398
https://doi.org/10.1007/s00103-019-02985-z
https://doi.org/10.1007/s00391-017-1336-x
https://doi.org/10.1007/s10654-018-00478-y
https://doi.org/10.1007/s10654-018-00478-y
https://doi.org/10.1017/S1041610216001459
https://doi.org/10.1055/s-0037-1601574
https://doi.org/10.1159/000094984
https://doi.org/10.1016/j.jalz.2012.11.007
https://doi.org/10.1016/j.jalz.2012.11.007
https://doi.org/10.5414/CP203320
https://doi.org/10.5414/CP203320
https://doi.org/ 10.1111/j.1532-5415.2005.53219.x
https://doi.org/10.1093/aje/kwp453
https://doi.org/10.1016/j.gerinurse.2014.07.001
https://doi.org/10.1016/j.gerinurse.2014.07.001
https://doi.org/10.1016/j.ajo.2005.01.019
https://doi.org/10.1111/j.1532-5415.2005.53152.x
https://doi.org/10.1111/j.1532-5415.2005.53152.x
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles


Michalowsky et al. Hearing and Vision Loss in Dementia Patients

Wei, J., Hu, Y., Zhang, L., Hao, Q., Yang, R., Lu, H., et al. (2017). Hearing
impairment, mild cognitive impairment and dementia: a meta-analysis
of cohort studies. Dement. Geriatr. Cogn. Dis. Extra 7, 440–452.
doi: 10.1159/000485178

Whillans, J., and Nazroo, J. (2014). Assessment of visual impairment: the
relationship between self-reported vision and ‘gold-standard’ measured
visual acuity. Br. J. Vis. Impair. 32, 236–248. doi: 10.1177/0264619614
543532

Wilson, D. H., Walsh, P. G., Sanchez, L., Davis, A. C., Taylor, A. W., Tucker, G.,
et al. (1999). The epidemiology of hearing impairment in an Australian adult
population. Int. J. Epidemiol. 28, 247–252. doi: 10.1093/ije/28.2.247

Wimo, A., Guerchet, M., Ali, G. C., Wu, Y. T., Prina, A. M., Winblad, B., et al.
(2017). The worldwide costs of dementia 2015 and comparisons with 2010.
Alzheimers Dement. 13, 1–7. doi: 10.1016/j.jalz.2016.07.150

Conflict of Interest: KK is an employee of IQVIA and has no potential conflicts of
interest with respect to the research, authorship, and/or publication of this article.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2019Michalowsky, Hoffmann and Kostev. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Aging Neuroscience | www.frontiersin.org 9 December 2019 | Volume 11 | Article 363

https://doi.org/10.1159/000485178
https://doi.org/10.1177/0264619614543532
https://doi.org/10.1177/0264619614543532
https://doi.org/10.1093/ije/28.2.247
https://doi.org/10.1016/j.jalz.2016.07.150
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

	Association Between Hearing and Vision Impairment and Risk of Dementia: Results of a Case-Control Study Based on Secondary Data
	BACKGROUND
	MATERIALS AND METHODS
	Overview
	Database
	Study Population, Sample Size, Participant Flow, and Drop Out
	Study Outcomes and Variables
	Statistical Analyses
	Ethical Aspects

	RESULTS
	Prevalence of Hearing and Vision Loss
	Association Between Hearing and/or Vision Loss and Dementia

	DISCUSSION
	Strengths and Limitations

	DATA AVAILABILITY STATEMENT
	AUTHOR CONTRIBUTIONS
	REFERENCES


