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Abstract
Background Hearing impairment is a known risk factor for Alzheimer’s disease (AD), although less is known about 
vision impairment or dual sensory impairment (DSI) as risk factors for AD. We studied the association between 
diagnosed hearing impairment, visual impairment, or DSI, and the risk of AD.

Method The Medication use and Alzheimer’s disease study (MEDALZ) is a register-based nested case-control study 
including 70,718 community-dwelling persons diagnosed with incident AD in 2005–2011 in Finland and their 282,845 
matched controls. Sensory impairment diagnoses (limited to those that cause irreversible sensory loss designated by 
medical specialists) at least five years prior to AD diagnosis (or matching date) were obtained from national healthcare 
registers, including specialized outpatient visits. Associations were studied with cofounder-adjusted conditional 
logistic regression.

Results Hearing impairment was associated with an increased risk of AD compared to people without a diagnosed 
sensory impairment (adjusted odds ratio (aOR) 1.15, 95% confidence interval (CI) 1.11–1.19), while no association was 
found in people with visual (aOR 1.02, 95% CI 0.99–1.05) or dual sensory impairment (aOR 1.05 (95% CI 0.95–1.15).

Conclusions Hearing impairment can be a modifiable risk factor for AD, and thus its treatment in the aging 
population is important. Although we did not observe an association between visual impairment and AD, all sensory 
impairments decrease functioning and quality of life among older adults. Therefore, they should be treated, also 
among persons with cognitive decline or cognitive disorder.

Clinical trial number Not Applicable.
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Background
Alzheimer’s disease (AD), the most common form of 
cognitive disorders, is a neurodegenerative disease of 
increasing prevalence and primarily affects older adults 
(≥ 65 years of age) [1]. It is estimated that by 2050, about 
16% of the world’s population will be over 65 years of 
age, up from 9% in 2019. The World Health Organiza-
tion (WHO) has estimated that around 55 million people 
aged 65 years or older have been diagnosed with demen-
tia worldwide, and 10  million new cases are diagnosed 
each year [2]. With AD’s gradual progressive nature start-
ing decades before symptoms appear, identifying risk fac-
tors of the disease has become a priority [3].

Sensory impairments, including hearing and vision 
impairment, are common conditions in older adults and 
frequently occur in conjunction with cognitive impair-
ment [4–6]. Vision impairment and hearing impairment 
are associated with various health-related adverse out-
comes, including difficulties with activities of daily living 
and instrumental activities of daily living [7, 8], reduced 
social participation and social isolation [8], increased 
mortality risk [9], and frailty and falls [10]. The 2020 
Lancet Commission report on dementia included hear-
ing impairment on their list of the modifiable risk fac-
tors of dementia, and the 2024 report also includes vision 
loss [3, 11]. However, evidence of the association of the 
co-occurrence of dual sensory impairment (DSI), both 
vision and hearing impairment, has been inconclusive 
[12–23] with only a few studies focusing on the associa-
tion between vision and/or hearing impairment and AD 
[15, 16, 22]. Further, several of these studies used self-
reported information on sensory impairments [15, 17, 22, 
24]. By limiting sensory impairments to medical diagno-
ses causing irreversible sensory loss, we investigated the 
association between having (i) either sensorineural hear-
ing impairment or blindness leading eye diseases and the 
risk of AD and (ii) DSI and the risk of AD.

Methods
Study population and data sources
Community-dwelling persons who received a new 
clinically verified diagnosis of AD from 2005 to 2011 
(N = 70,718) in Finland were included in the Medication 
use and Alzheimer’s disease (MEDALZ) cohort [25]. For 
this nationwide nested case-control study, up to four age 
(± 1 year), gender, and hospital district region-matched 
control persons without AD (N = 282,862) were iden-
tified for each case at the date of AD diagnosis (index 
date). Data for this study were compiled from multiple 
Finnish nationwide health care registers, including the 
Special Reimbursement Register (SRR) (1972–2015), Pre-
scription Register (1995–2015), Care Register for Health 
Care (CRHC) (formerly the Hospital Discharge Register) 
(1972–2015), and Statistics Finland (since 1970). Data 

linkage of the registers was done by the Social Insurance 
Institution of Finland (SII) using the unique personal 
identification numbers assigned to each resident.

Identification of cases
People with a clinically verified AD diagnosis were iden-
tified from the SRR which contains records of all people 
who were granted reimbursement for antidementia drugs 
[25]. Predefined criteria must be fulfilled and a medical 
statement by a physician describing the findings must 
have been submitted to SII. The special reimbursement 
is only granted if the criteria are fulfilled. The criteria for 
AD reimbursement include (1) symptoms consistent with 
AD, (2) a decrease in social capacity over a period of at 
least three months, (3) a computed tomography (CT)/ 
magnetic resonance imaging (MRI) scan, and (4) possible 
alternative diagnoses excluded. The AD diagnosis was 
confirmed by a neurologist or geriatrician. The AD diag-
nosis was based on the National Institute of Neurologi-
cal and Communicative Disorders and Stroke from the 
Alzheimer’s Disease and Related Disorders Association 
(NINCDS-ADRDA) [26] and Diagnostic and Statistical 
Manual of Mental Disorders, 4th edition (DSM-IV) [27] 
criteria for Alzheimer’s disease.

Identification of controls
Control persons were identified from the SII, which 
includes all residents of Finland. Controls were matched 
on the date of AD diagnosis (index date). Criteria for 
being a Control person included (1) community-dwelling 
without a clinically verified diagnosis of AD at the time of 
matching, and (2) they could not have had a special reim-
bursement for AD or antidementia medication purchases 
before or within 12 months after the matching date.

Sensory impairment diagnoses
Sensory impairment diagnoses before the index date 
were obtained from the CRHC. Blindness leading eye 
diseases and sensorineural hearing impairment diagnoses 
were limited to those that cause irreversible sensory loss 
designated by medical specialists (Additional Table  1) 
(Fig.  1). The Special Reimbursement code 114, which 
is assigned to glaucoma medication, was used from the 
SRR (years 1972–2011) to also represent vision impair-
ment diagnosis. Data from the CRHC included both 
inpatient and outpatient visits. International Statistical 
Classification of Diseases and Related Health Problems 
(ICD) 9th revision (years 1987–1995) and ICD-10 codes 
(1996–2011) were obtained from inpatient data. ICD-
10 codes were also obtained from the outpatient visits 
(years 1998–2011). Both primary and secondary diagno-
sis codes were included. The first recorded date of vision 
or hearing impairment diagnosis was used. For DSI, a 
person needed a record of an eye disease diagnosis and 
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sensorineural hearing impairment diagnosis documented 
prior to the index date. The DSI date was taken from the 
later sensory impairment diagnosis date that was docu-
mented prior to the index date.

Covariates
Socioeconomic position (SEP), defined by the occupa-
tional social class, was obtained from the census main-
tained by Statistics Finland. Data on comorbidities 
(cardiovascular disease, stroke, diabetes, asthma/ chronic 
obstructive pulmonary disease (COPD), cancer, head 
trauma, and substance abuse) were gathered from the 
CRHC, SRR, and the Prescription Register (PR), which 
is also maintained by SII. Comorbidities were only col-
lected till the end of 1995 to capture a person’s health 
prior to the exposure (sensory diagnosis). Medication use 
and the sum of purchased drugs were obtained from the 
PR for the year 1995, which was the first year available in 
the register. The number of hospital days (inpatient care) 
and visits to specialized care (outpatient visits) were also 

obtained from the CRHC. Further details of the covari-
ates can be found in Additional Table 1.

Statistical analysis
Descriptive statistics were conducted with means (with 
standard deviations (SD), medians (with interquartile 
ranges (IQR)), and χ2 tests for categorical variables. The 
association between visual and/or hearing impairment 
and AD was assessed with conditional logistic regression 
due to the matched design. To account for the prodro-
mal period of AD, we limited sensory impairment diag-
noses to those recorded at least 5 years before the index 
date. A sensitivity analysis, including also those sensory 
impairment diagnoses recorded ever before the index 
date, was conducted. Multivariable models were adjusted 
for SEP, comorbidities, medication use, and health-
care utilization. Odds ratios (OR) are presented with 
95% confidence intervals (CI). The presences of sensory 
impairment diagnoses were compared to those without a 
sensory impairment for both the cases and controls. Sta-
tistical analyses were performed with STATA/MP 14.2 

Fig. 1 Study design. a Number of hospitalizations in the year 1987 to capture data prior to exposure. b Earliest date available for outpatient specialized 
healthcare visits potentially prior to exposure. c Earliest date available for medication use potentially prior to exposure. d 2005 to 2011
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(StataCorp, College Station, TX, USA). All data were de-
identified before submission to the research team, and 
therefore ethics committee approval was not required 
according to Finnish legislation.

Results
The mean age of people with and without AD was 80 
years (SD 7.1), and the proportion of women (65%) was 
the same due to the matched study design. There were 
slight differences in the distribution of occupational 
social class between the AD cases and the controls with-
out AD. Comorbidities, psychotropic medication use, the 
sum of medications, the sum of days hospitalized, and 
the sum of visits to specialized healthcare prior to expo-
sure were more prevalent in the cases than in controls 
(Table 1). During the lag time (-5 years to index date) the 
median number of prescription drugs, the sum of days 
hospitalized, and the number of visits to specialized care 
were also higher in cases than controls.

In the analyses limited to sensory impairments diag-
nosed at least 5 years before the index date, a diagnosed 
sensorineural hearing impairment was associated with 
an increased risk of AD compared to people without 
a recorded sensorineural hearing impairment diagno-
sis (confounder-adjusted odds ratio (aOR) 1.15, 95% CI 
1.11–1.19), and the association remained after account-
ing for increased healthcare contact in the lag time 
(Table  2). A diagnosis of a blindness leading eye dis-
ease was weakly associated with an increased risk of 
AD compared to those without a recorded eye disease 
diagnosis (comorbidity-adjusted OR 1.03, 95% CI 1.00-
1.06), although the results were attenuated in the con-
ditional logistic regression model that was adjusted for 
the increased healthcare contact in the lag window (aOR 
1.02, 95% CI 0.98–1.04).

Similar results for blindness-leading eye disease diag-
nosis and sensorineural hearing impairment diagnosis 
were observed with the categorization of singular or dual 
sensory impairment (Table 2). In the unadjusted analyses, 
persons with either hearing or eye disease diagnosis, or 
both had a higher risk of AD compared to those with no 
recorded sensory impairment diagnosis, but the associa-
tion of dual sensory impairment attenuated after adjust-
ing for comorbidities (aOR 1.08, 95% CI 0.99–1.19). The 
association of blindness leading eye disease diagnosis or 
dual sensory impairment was not observed after addi-
tional adjustments for healthcare utilization during the 
lag time.  Similar results were observed when sensory 
impairment diagnoses until the index date were consid-
ered (Table 3).

Table  3. Association between recorded sensory 
impairment diagnoses until index date and risk of AD 
(placement).

Discussion
Our study showed that persons with a diagnosed sensori-
neural hearing impairment had an increased risk of AD. 
We did not find an association between the most com-
mon blindness leading eye diseases, such as age-related 
macular degeneration, glaucoma, or diabetic retinopathy, 
and the presence of hearing impairment. Similar results 
were found when sensory diagnoses were not limited to 
the 5-year lag period before the AD diagnosis. This lag 
period was used to control for the prodromal phase of 
AD. These findings have important public health implica-
tions, given hearing impairment is a potentially modifi-
able risk factor for AD.

To the best of our knowledge, this is the first study that 
investigated the association of diagnosed sensory impair-
ments that are limited to irreversible sensory loss and the 
risk of AD. Previous research on dual sensory impair-
ment and its association with AD and dementia has been 
inconsistent. Definitions of hearing or vision impairment 
have varied greatly across studies (e.g., self-reported [4, 
15–17, 19, 22–24, 28], measured [12, 14, 19, 29], diag-
noses from medical records [13, 18]) and most studies 
used all-cause dementia or cognitive impairment as the 
outcome. In a large case-control study by Michalowsky 
et al., [13] ICD-10 codes were used to identify sensory 
impairment and dementia. When compared to people 
without a sensory impairment diagnosis, persons with 
a hearing impairment only and DSI, but not those with 
only a vision impairment were associated with dementia. 
Of the studies limited to AD as the outcome, Hwang et 
al., [15, 22] found DSI associated with AD; however, they 
reported on single impairment versus dual impairment 
and not on hearing or vision. Byeon et al., [16] found 
no association between DSI and AD, and they also only 
reported on single impairment versus dual impairment.

According to the Lancet Commission, hearing impair-
ment was the strongest potentially modifiable risk fac-
tor for dementia among nine health and lifestyle factors 
[3]. A systematic review and meta-analysis by Loughrey 
et al., [30] reported an association of hearing impair-
ment measured by pure tone audiometry and dementia 
in cohorts studies (3 studies, OR 1.28 (95% CI 1.02–1.59); 
however, the results were attenuated when the outcome 
was restricted to AD (2 studies, OR 1.69 (95% CI 0.7-4). 
Of the studies in the meta-analysis Lin et al., [31] did not 
report a lag time between hearing impairment and AD 
diagnosis; however, Gallacher et al. [32] had at least six 
years from the hearing examination till they screened 
for dementia. A case-control study by Hung et al., [33] 
defined hearing impairment using similar ICD-9 codes to 
our study and found that hearing impairment was associ-
ated with an increased risk of AD (OR 1.39 (95% CI 1.05–
1.84)); however, they did not utilize a lag period prior to 
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Persons with AD 
N = 70,718

Persons without AD 
N = 282,858

p value

Sociodemographic factors
Age at beginning of follow-up, mean (SD) 80.05 (7.1) 80.02 (7.1) matched
Sex matched

Women 46,116 (65) 184,448 (65)
Men 24,602 (35) 98,397 (35)

Highest occupational Social class < 0.001
Managerial/ 
professional

14,692 (20.8) 60,524 (21.4)

Office worker 5,973 (8.5) 23,567 (8.3)
Farming/forestry 13,439 (19.0) 55,490(19.6)
Sales/industry/ cleaning 30,148 (42.6) 110,872 (39.2)
unknown/ did not 
respond

6,446 (9.1) 32,392 (11.5)

Comorbidities
Any cardiovascular 
disease

24,461 (34.6) 92,027 (32.5) < 0.001

Stroke 1,545 (2.2) 5,756 (2.0) 0.012
Diabetes 3,596 (5.1) 10,393 (3.7) < 0.001
Asthma/ COPD 4,034 (5.7) 15,520 (5.5) 0.024
Hip fracture 377 (0.5) 1,498 (0.5) 0.909
Cancer 6,130 (8.7) 23,650 (8.4) 0.009
Rheumatoid arthritis 2,205 (3.1) 8,477 (3.0) 0.093
Head trauma 2,452 (3.5) 8,406 (2.9) < 0.001
Psychosis 1,365 (1.9) 5,252 (1.9) 0.198
Substance abuse 787 (1.1) 2,728 (0.9) < 0.001

Medication Use
Benzodiazipine and 
related drugs use

11,720 (16.6) 42,080 (14.9) < 0.001

Antidepressant use 3,465 (4.9) 11,204 (3.9) < 0.001
Antipsychotic use 1,504 (2.1) 5,452 (1.9) 0.001

Sum of purchased drugs at the beginning of the exposure < 0.001
0 16,524 (23.4) 77,023 (27.2)
1–2 18,263 (25.8) 72,549 (25.7)
3–5 19,704 (27.9) 76,061 (26.9)
6+ 16,227 (22.9) 57,212 (20.2)

Other
Number of hospital days at the beginning of the exposure < 0.001

0 62,268 (88.0) 251,816 (89.0)
1–3 3,033 (4.3) 11,397 (4.0)
4–8 2,773 (3.9) 9,823 (3.5)
9+ 2,644 (3.7) 9,809 (3.5)

Number of visits to specialized healthcare at the beginning of the exposure < 0.001
0 45,193 (63.9) 19,0127 (67.2)
1 8,611 (12.2) 32,341 (11.4)
2–3 9,119 (12.9) 33,615 (11.9)
4+ 7,795 (11.0) 26,762 (9.5)

Mediators
Number of purchased drugs during the lag time, median (IQR) 11 (7–17) 11 (6–16)

categories: < 0.001
0 1,303 (1.8) 13,894 (4.9)
1–8 22,491 (31.8) 94,037 (33.3)
9–15 24,927 (35.3) 94,776 (33.5)
16+ 21,997 (31.1) 80,138 (28.3)

Table 1 Characteristics of the study population including cases with Alzheimer’s disease (AD) and controls without AD
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the AD diagnosis, potentially introducing a time-related 
bias.

Very few studies have reported eye diseases as a risk 
factor of AD and other types of dementia. Michalowsky 
et al., [13] did not find an association between vision 
impairment, based on ICD-10 codes, and dementia. 
However, this study was based on general practitioner’s 
medical records where vision impairment diagnoses 
were found to be underreported compared to the preva-
lence of vision impairments among older adults leading 

to exposure misclassification bias. Associations between 
individual eye diseases and AD have been reported with 
mixed findings [5, 34]. Previous research has focused on 
individual diseases of the eye, including glaucoma [35–
38], age-related macular degeneration [5, 34, 38, 39], dia-
betic retinopathy [5, 34, 38], and cataracts [5, 34, 38], as a 
risk factor of AD. A recent systematic review and meta-
analysis by Feng et al., [34] found glaucoma (10 studies, 
RR 1.18, 95% CI 1.02–1.38, I2 = 91%), diabetic retinopa-
thy (4 studies, RR 1.21, 95% CI 1.04–1.41, I2 = 72%), and 

Table 2 Association between recorded sensory impairment diagnoses until five years before index date and risk of AD
Persons with 
AD, no. (%)

Persons 
without AD, 
no. (%)

Unadjusted 
OR (95% CI)

Adjusted OR 
(95% CI)a

Adjusted OR 
(95% CI)b

Adjusted 
OR (95% 
CI)c

Eye disease diagnosis
No 63,543 (89.8) 255,465 (90.3) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref )
Yes 7,175 (10.2) 27,380 (9.7) 1.05 

(1.02–1.08)
1.03 
(1.00-1.06)

1.01 
(0.98–1.04)

1.02 
(0.98–1.04)

Sensorineural hearing impairment diagnosis
No 66,131 (93.5) 266,826 (94.3) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref )
Yes 4,587 (6.5) 16,019 (5.7) 1.16 

(1.12–1.20)
1.15 
(1.11–1.19)

1.13 
(1.09–1.17)

1.14 
(1.10–1.19)

Eye disease diagnosis, sensorineural hearing 
impairment or both
None 59,552 (84.2) 241,624 (85.4) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref )
Eye disease diagnosis only 6,579 (9.3) 25,202 (8.9) 1.06 

(1.03–1.09)
1.04 
(1.01–1.07)

1.02 
(0.99–1.05)

1.02 
(0.99–1.06)

Sensorineural hearing impairment diagnosis only 3,991 (5.6) 13,841 (4.9) 1.18 
(1.13–1.22)

1.17 
(1.12–1.21)

1.15 
(1.11–1.19)

1.16 
(1.12–1.20)

Both 596 (0.8) 2,178 (0.8) 1.12 
(1.02–1.23)

1.08 
(0.99–1.19)

1.05 
(0.95–1.15)

1.05 
(0.95–1.16)

Note.
a adjusted for Occupational socioeconomic class, cardiovascular disease, stroke, diabetes, asthma/COPD, cancer, Head trauma, substance abuse, medication use
b adjusted for occupational socioeconomic class, comorbidities, medication use, sum of purchased medications, number of days hospitalized, and sum of outpatient 
specialized healthcare visits
c adjusted for occupational socioeconomic class, comorbidities, medication use, sum of purchased medications in lag period (0 to -5 years), number of days 
hospitalized in lag period, and sum of outpatient specialized healthcare visits in lag period

Abbreviations: AD, Alzheimer’s disease; CI, Confidence Interval; no., Number; OR, Odds Ratio; Ref, Reference

Persons with AD 
N = 70,718

Persons without AD 
N = 282,858

p value

Number of hospital days during the lag time, median (IQR) 8 (1–30) 3 (0–15)
categories: < 0.001
0 16,487 (23.3) 94,452 (33.4)
1–7 17,909 (25.3) 83,200 (29.4)
8–30 18,665 (26.4) 64,904 (22.9)
31+ 17,657 (24.9) 40,289 (14.2)

Number of admissions to specialized healthcare during the lag time, median (IQR) 5 (2–11) 4 (1–10)
categories: < 0.001
0 8,078 (11.4) 57,643 (20.4)
1–4 23,535 (33.3) 90,586 (32.0)
5–9 17,900 (25.3) 61,731 (21.8)
10+ 21,205 (29.9) 72,885 (25.8)

Note. Data are given as n (%) unless otherwise indicated

Abbreviations: AD, Alzheimer’s Disease; COPD, Chronic Obstructive Pulmonary Disease; IQR, Interquartile Range; SD, Standard Deviation

Table 1 (continued) 
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age-related macular degeneration (7 studies, RR 1.27, 95% 
CI 1.06–1.52, I2 = 70%) to be associated with AD. Age-
related macular degeneration, glaucoma, and diabetic 
retinopathy are the most common blindness-leading eye 
diseases in Western countries [40–42]. These diseases 
lead to decreased central and/or peripheric visual acu-
ity during disease progression. In 2024, the Lancet Com-
mission report added untreated vision loss as a potential 
modifiable risk factor for dementia [3]. The report was 
based on the meta-analysis of cohort studies on vision 
impairment as a risk factor form dementia by Shang et 
al. [36]. As that meta-analysis was restricted to studies 
assessing visual impairment and 11 studies on conditions 
causing visual impairment as dementia risk factor were 
excluded, our findings are not directly comparable with 
the meta-analysis. Although we did not find an associa-
tion between diagnosed blindness leading eye diseases, 
which included diabetic retinopathy, glaucoma, and age-
related macular degeneration, and AD, our results were 
similar to the meta-analysis by Kuźma et al. [5] on the 
association between various eye conditions and risk of 
dementia. In that meta-analysis, cataracts and diabetic 
retinopathy were associated with higher risk of dementia, 
while no association between glaucoma or age-related 
macular degeneration and dementia was observed.

Several potential mechanisms have been suggested for 
the relationship between sensory impairment and AD, 

including a common cause theory [43], sensory depriva-
tion theory [44], and occupation of cognitive resources 
theory [45]. The common cause theory suggests that 
common pathology and risk factors shared between AD 
and sensory impairment may result in their strong asso-
ciation. As hearing loss and AD may have common fac-
tors it has been proposed that a third variable (e.g., aging, 
mitochondrial dysfunction, microvascular factors, and 
inflammation) results in impairment on both hearing loss 
and cognitive impairment.

Due to hearing impairment, there is degradation and 
loss of input to the brain which progressively results in 
changes in function and structure of auditory and cog-
nitive systems. Functional changes such as speech-in-
noise processing, are associated with decreased social 
interaction and social withdrawal/isolation which are 
known risk factors of AD [46]. Hearing impairment has 
been associated with a decrease in cortical volume and 
decreased density of grey matter in the superior temporal 
lobe, frontal lobe, and hippocampus. These areas are cru-
cial for semantic memory and contribute to the progres-
sion of AD [47].

The occupation of cognitive resources theory suggests 
that the connection between hearing impairment and 
AD stems from heightened cognitive processing required 
to offset the decline in sensory input. When auditory 
input is reduced, more neural resources, such as working 

Table 3 Association between recorded sensory impairment diagnoses until index date and risk of AD
Persons with 
AD, no. (%)

Persons 
without AD, 
no. (%)

Unadjusted 
OR (95% CI)

Adjusted OR 
(95% CI)a

Adjusted 
OR (95% 
CI)b

Adjusted 
OR (95% 
CI)c

Eye disease diagnosis
No 42,942 (84.7) 239,903 (84.8) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref )
Yes 10,830 (15.3) 42,942 (15.2) 1.01 

(0.98–1.03)
0.98 
(0.96–1.01)

0.97 
(0.95-1.00)

0.98 
(0.95-1.00)

Sensorineural hearing impairment diagnosis
No 60,870 (86.1) 247,329 (87.4) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref )
Yes 9848 (13.9) 35,516 (12.6) 1.13 

(1.10–1.16)
1.12 
(1.10–1.15)

1.11 
(1.08–1.14)

1.12 
(1.09–1.15)

Eye disease diagnosis, sensorineural hearing impair-
ment diagnosis or dual sensory impairment
None 51,851 (73.3) 211,407 (74.7) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref ) 1.00 (Ref )
Eye disease diagnosis only 9019 (12.8) 35,922 (12.7) 1.03 

(1.0-1.05)
1.00 
(0.98–1.03)

0.99 
(0.96–1.01)

0.99 
(0.98-1.00)

Sensorineural hearing impairment diagnosis only 8037 (11.4) 28,496 (10.1) 1.16 
(1.13–1.19)

1.15 
(1.12–1.18)

1.13 
(1.10–1.17)

1.15 
(1.12–1.18)

Both 1811 (2.6) 7020 (2.5) 1.06 
(1.0-1.12)

1.03 
(0.98–1.09)

1.01 
(0.95–1.06)

1.01 
(0.96–1.07)

Note.
a adjusted for Occupational socioeconomic class, cardiovascular disease, stroke, diabetes, asthma/COPD, cancer, Head trauma, substance abuse, medication use
b adjusted for occupational socioeconomic class, comorbidities, medication use, sum of purchased medications, number of days hospitalized, and sum of outpatient 
specialized healthcare visits
c adjusted for occupational socioeconomic class, comorbidities, medication use, sum of purchased medications in lag period (0 to -5 years), number of days 
hospitalized in lag period, and sum of outpatient specialized healthcare visits in lag period

Abbreviations: AD, Alzheimer’s disease; CI, Confidence Interval; no., Number; OR, Odds Ratio; Ref, Reference
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memory, language processing, and attention, are required 
for auditory processing, leading to fewer resources avail-
able for higher cognitive functions including memory 
retention and retrieval [48].

Strengths and limitations
Strengths of our study include a nationwide cohort of 
persons with a clinically verified AD diagnosis in Fin-
land [49]. Studies assessing the internal validity of CRHC 
and comparing register information with patient records 
or other information from primary sources have con-
firmed that the coverage and accuracy of these registers 
are well-suited to epidemiological research [49, 50]. This 
study used sensory impairment diagnoses, avoiding self-
report bias. A 5-year lag period was investigated to avoid 
the prodromal phase of AD since AD pathology is known 
to begin years before the first signs and symptoms are 
present. During this lag time, people with AD had more 
contact with the healthcare system compared to people 
without AD; however, the results did not change when 
we adjusted for this.

Unfortunately, we do not have information on the 
stage or severity of sensory impairment which may be 
interpreted as a study limitation. However, blindness 
leading eye disease diagnoses were done by ophthalmolo-
gists. With regard to hearing impairment, most subjects 
presented with at least a moderate degree of hearing 
impairment (PTA 0.5–4  kHz [HL]) since it represents 
the national indication for hearing aid provision and 
when also the diagnosis is coded by an Ears, Nose, and 
Throat specialist. Hearing impairment diagnoses may be 
under-recorded due to the lack of adult hearing screen-
ing. Many patients with significant hearing impairment 
may go undetected. We limited our study to diagnoses 
that have significant sensory impairment that cannot be 
corrected or are degenerative in nature. The majority of 
the sensory diagnoses were obtained from the outpa-
tient specialized care visits that were first recorded in the 
CRHC in 1998, so sensory diagnoses prior to 1998 were 
minimally captured in the inpatient records.

Conclusion
Hearing impairment was associated with an increased 
risk of AD. Considering hearing impairment can be a 
modifiable risk factor for AD, screening and treatment 
in the aging population needs to be prioritized. Although 
we did not find an association between blindness leading 
eye diseases all sensory impairments decrease function-
ing and quality of life among older adults. Clinical prac-
tice guidelines may need to be revised to recommend 
screenings for sensory impairments and implement 
effective, evidence-based care and interventions.
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