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Abstract

Introduction:Hearing and vision loss are independently associatedwith dementia, but

the impact of dual sensory impairment (DSI) on dementia risk is not well understood.

Methods: Self-reported measures of hearing and vision were taken from 2051 par-

ticipants at baseline from the Gingko Evaluation of Memory Study. Dementia status

was ascertained using standardized criteria. Cox models were used to estimate risk of

dementia associated with number of sensory impairments (none, one, or two).

Results:DSIwas significantly associatedwith higher risk of all-cause dementia (hazard

ratio [HR] = 1.86; 95% confidence interval [CI] = 1.25-2.76) and Alzheimer’s disease

(HR = 2.12; 95% CI = 1.34-3.36). Individually only visual impairment was indepen-

dently associated with an increased risk of all-cause dementia (HR = 1.32; 95% CI =

1.02-1.71).

Discussion:Older adultswithDSI are at a significantly increased risk for dementia. Fur-

ther studies are needed to evaluate whether treatments canmodify this risk.
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1 INTRODUCTION

Hearing and visual impairments are common in older adults, with an

estimated 33% of individuals age 70 years and older affected by hear-

ing loss and 18% affected by vision impairment.1,2 Because the inci-

dence and prevalence of these sensory impairments increase with

age, hearing and vision loss will affect a growing proportion of the

population.2,3 Sensory impairment is associated with increased risk of

mortality and functional difficulties.4-6 In addition, several prospec-

tive studies have found that hearing and visual impairments in older

adults independently increase the risk of cognitive impairment and

dementia.7-11 Causal effects have been hypothesized due to sen-

sory loss, precipitating social isolation, depression, and reduced phys-

ical activity.12,13 Alternatively, sensory and cognitive impairment may

share similar disease processes, such as cerebrovascular disease14-16

or neurodegeneration.17

Although most prior studies have focused on impairments in hear-

ing and vision individually, the impact of having combined hearing and

visual impairment, or dual sensory impairment (DSI), on dementia risk

is unclear. In the United States, DSI affects up to 15% of adults, with

the highest prevalence among adults age 80 years and older.18,19 Stud-

ies examining both hearing and vision found that an increasing num-

ber of impairments may have a greater impact on health outcomes

and increased mortality than a single sensory deficit.6,20 Compared to

the presence of only one impairment, DSI may also increase the risk

of cognitive impairment.20 Other studies, however, found no added

risk of cognitive impairment21 and suggested that sensory impair-

ment in more than one domain may reflect a shared common aging

process.22,23 More recent work showed that a greater number of sen-

sory impairments was associated with increasing risk of dementia in a

graded fashion, which included a combination of hearing, smell, touch,

and vision assessments.24 Additional research is needed to quantify

the effects of concurrent hearing and visual impairment on dementia

risk. Few studies have characterized the impact of DSI specifically on

dementia risk using a prospective study designwith rigorous ascertain-

ment of dementia and itsmajor subtypes: Alzheimer’s disease (AD) and

vascular dementia (VaD).

In this study, we investigated associations between hearing and

visual impairments in late life with incident dementia among partici-

pants of the Ginkgo Evaluation of Memory (GEM) Study. It included

self-reported hearing and vision at enrollment plus the rigorous eval-

uation of dementia and its subtypes during follow-up in this cohort of

older adults,whowereeither cognitivelynormal ormet criteria formild

cognitive impairment (MCI). We hypothesized that DSI would be asso-

ciatedwith an increased risk for dementia as compared to noor a single

sensory impairment.

2 METHODS

The GEM Study was originally designed as a double-blind randomized-

controlled trial to determine the efficacy ofGinkgo biloba in the preven-

tion of dementia among older adults.25 Although results of the GEM

HIGHLIGHTS

∙ Dual sensory impairment (DSI) increases the risk of

dementia, primarily Alzheimer’s disease (AD)

∙ Dose-response relationship between severity of DSI and

dementia

∙ Visual impairment, but not hearing impairment, is associ-

ated with incident dementia

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the published

literature (eg, PubMed) on dual sensory impairment (DSI)

and dementia. The impact of DSI on dementia risk is

unclear, as most studies examined associations between

DSI and cognitive decline or impairment, whereas other

studies on DSI and dementia were cross-sectional. No

study has examined the association between DSI and

dementia risk prospectively, and by dementia subtypes,

such as Alzheimer’s disease (AD).

2. Interpretation: DSI was independently associated with

increased risk of all-cause dementia and AD compared to

single or no sensory impairment. There was also a dose-

response relationship between DSI severity and incident

dementia. These novel results contribute to our under-

standing of the impact of sensory impairments on demen-

tia risk in older adults.

3. Future directions: DSI may serve to identify older adults

at high risk of dementia. Future studies should charac-

terize the exact role of sensory impairments and identify

whether treatments that improve sensory function can

modify this risk.

Study were negative, the data serve as a useful platform to address

other scientific questions in older adults related to cognition and

dementia. The institutional review boards of all universities involved in

the study approved the study protocol, as did the National Institutes

of Health. All participants and their proxies signed approved informed

consent forms.

2.1 Study participants

Volunteers ages 75 years and older were recruited from September

2000 to June 2002 using voter registration and other purchased mail-

ing lists of four U.S. communities with academic medical centers. Until

the end of the study in 2008, a total of 3069participantswere assessed

every6months for incident dementia. Although individualswith preva-

lent dementia were excluded from participation, participants withMCI
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were not. In addition participants were required to have adequate

hearing and vision, based on the judgment of clinical study staff, in

order to be included in the study.26 Additional information on exclu-

sion criteria and criteria for classificationofMCI at baseline in theGEM

Study have been described elsewhere.25,26

2.2 Data collection

Data collected at baseline included vital signs, medication use, detailed

medical history, physical function assessment, physical and neurologic

examinations, and apolipoprotein E (APOE) genotype. Symptom and

health habit questionnaires included self-reported questions on car-

diac, neurological, and gastrointestinal symptoms, as well as ques-

tions on smoking, alcohol use, and exercise. APOE ε4 carrier status was
assayed from stored blood. Dropout and loss to follow-up rates were

low at 6.3%.25

2.3 Dementia ascertainment

Cognitive function was evaluated by administering at baseline the

Clinical Dementia Rating (CDR) scale,27 Modified Mini-Mental State

Examination (3MSE),28 and the Cognitive subscale of the Alzheimer’s

Disease Assessment Scale (ADAS-Cog).29 Participants also completed

a neuropsychological battery of tests at baseline to determinewhether

they were free of dementia and to establish baseline cognitive scores.

Participants with worsening scores on the neuropsychological battery

due to poor hearing or vision continued follow-up visits until there

was evidence of decline on a broad range of tests not limited to those

involving hearing or vision.26 Incident dementia was determined in

a standard fashion, as has been detailed previously.25 This included

taking into consideration the effects of hearing or visual problems

at the time of dementia classification by the adjudication committee,

which had a narrative from the examiner in each dementia case. All

participants who were adjudicated as developing incident dementia,

based on criteria from the Diagnostic and Statistical Manual of Mental

Disorders, Fourth Edition30 were assigned to one of the following

specific categories: (1) Alzheimer’s dementia only; (2) Alzheimer’s

dementia and VaD; (3) VaD only; or (4) dementia, other etiology

(dementia with Lewy bodies, Creutzfeldt-Jakob disease, and so on).

Designation of specific dementia subtypes was based on the National

Institute of Neurological and Communicative Disorders and Stroke—

Alzheimer’s Disease and Related Disorders Association,31 National

Institute of Neurological Disorders and Stroke—Association Interna-

tionale pour la Recherche et al. ’Enseignement en Neurosciences,32,33

and ADDiagnostic and Treatment Centers34 diagnostic criteria.

2.4 Hearing and visual impairment

Hearing and vision were assessed through self-report at baseline of

the GEM Study. For hearing, participants were asked: (1) Can you hear

well enough (with or without) a hearing aid to listen to the radio;

(2) Can you hear well enough (with or without) a hearing aid to use

the telephone; and (3) Can you hear well enough (with or without) a

hearing aid to carry on a conversation in a crowded room? For vision,

participants were asked: (1) Can you see well enough (with or with-

out) glasses to drive; (2) Can you see well enough (with or without)

glasses to watch TV; (3) Can you see well enough (with or without)

glasses to read the newspaper; and (4) Can you see well enough (with

or without) glasses to recognize someone across the room? Hearing

impairment was defined as a negative response to one or more of the

three hearing questions. Visual impairment was defined as a negative

response to one or more of the four vision questions. Participants clas-

sified with hearing impairment and visual impairment were defined as

having DSI.

2.5 Statistical analysis

The primary analysis compared the time to all-cause dementia and

number of sensory impairments (0, 1, or 2) at baseline. Time to demen-

tia was calculated as days from baseline to dementia onset, death, or

the end of GEM Study follow-up. The first visit was in September 2000

and the final visit was completed in April 2008. Participants were cen-

sored at the date of last contact, including at the end of the study, or

date of death. The date of dementia onset was estimated as the date

midway between the last clinic examination at which the participant

was not demented and the examination at which the dementia diagno-

sis wasmade.

Cox proportional hazards models were used to compute hazard

ratios (HRs) and 95% confidence intervals (CIs). In the analysis, the

time axis was participant age at randomization in the GEM Study to

control more finely for the effect of age on dementia risk. Models were

adjusted for baseline covariates, including sex, age, race, education,

income, body mass index, smoking status, alcohol intake, physical

activity, hypertension, diabetes, history of cardiovascular disease

and cerebrovascular disease, and APOE ε4 allele status. Treatment

status (G. biloba vs placebo) and clinic site were included as additional

potential confounders. Separate models were developed for all-cause

dementia, AD only, and VaD (with or without AD). We included inter-

actions between the number of sensory impairments and age, sex, and

APOE genotype to test whether associations with all-cause dementia

differed in subgroups. We also stratified participants with MCI and

without MCI (cognitively normal) at baseline to assess the possibility

of reverse causation attributable to preclinical dementia. P < .05 was

considered statistically significant, and all tests were two-sided. Analy-

seswere conducted using Stata version 14 (StataCorp, College Station,

Texas, USA). Venn/Euler diagrams were created using eulerAPE, which

accurately illustrate the overlap of hearing and visual impairments.35

To evaluate whether a dose-response relationship existed with

risk for all-cause dementia, we constructed a summary score of

impairments as a best approximation for DSI severity. As a continuous

measure, a score from 1 to 6 was used to define severity. A score of

1 represented impairment in a single question for vision and hearing
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F IGURE 1 Co-occurrence of visual impairment (VI) and hearing
impairment (HI)

each. A score of 6 represented impairment in all questions for vision

and hearing. As a categorical measure, scores were classified into

“high,” “intermediate,” and “low” groups. Based on the summary

score scale, “high” severity was defined as having a score of 5 to 6;

“intermediate” severity was defined as having a score of 3 to 4; “low”

severity was defined as having a score of 1 to 2. No DSI was the refer-

ence group. In addition, we assessed associations between individual

sensory impairments and risk of dementia, including AD and VaD,

because associations may differ between types of sensory impairment

(vision vs hearing). We first examined individual sensory impairments

in separate models. Then, we included each sensory impairment in one

model simultaneously to assess whether each sensory impairment was

associated with dementia independently of each other.

Sensitivity analyses included the following: (1) restricting to diag-

nosis of probable AD only for models using (possible and probable)

AD as the outcome; and (2) treating death as a competing risk, as

well as non-AD for analyses with AD as the outcome, and non-VaD

for analyses with VaD as the outcome. To evaluate potential bias due

to missing covariate and predictor data, we used multiple imputation

using chained equations to create 20 imputed data sets,36 and com-

pared results from the imputed data to the primary complete case

analysis.

3 RESULTS

A total of 2051 participants without missing data constituted the

analytic study sample. Most participants did not have self-reported

hearing or visual impairment at baseline, whereas 22.8% had hear-

ing or visual impairment and 5.1% had DSI with both hearing and

visual impairment (Figure 1). Compared to participants without sen-

sory impairment, participants with DSI tended to be older, were more

likely to be male and to have more co-morbidities, smoke previously,

TABLE 1 Baseline characteristics of study participants from the
Gingko Evaluation ofMemory (GEM) Study (2000-2008) by number of
sensory impairments

Characteristic n (%) or

mean (SD)

No sensory

impairment

(n= 1480)

Single

sensory

impairment

(n= 467)

Dual

sensory

impairment

(n= 104)

Age (years)a, mean (SD) 78.4 (3.1) 78.5 (3.2) 79.1 (3.5)

Sex

Female 653 (44.1) 218 (46.7) 34 (32.7)

Male 827 (55.9) 249 (53.3) 70 (67.3)

Race

White 1,438 (97.2) 451 (96.6) 100 (96.1)

Non-white 42 (2.8) 16 (3.4) 4 (3.9)

Education (years), mean

(SD)

14.6 (3.1) 14.3 (3.4) 14.0 (3.2)

Bodymass indexb, mean

(SD)

27.1 (4.2) 27.3 (4.2) 27.1 (4.1)

Cardiovascular diseasec 317 (21.5) 105 (22.5) 26 (25.0)

Cerebrovascular diseased 112 (7.6) 48 (9.2) 11 (10.6)

Diabetes 134 (9.1) 43 (9.2) 13 (12.5)

Hypertensione 804 (54.3) 241 (51.2) 58 (55.8)

Smoking status

Current smoker 71 (4.8) 16 (3.4) 5 (4.8)

Former smoker 813 (54.9) 276 (59.1) 61 (58.7)

Never smoker 596 (40.3) 175 (37.5) 38 (36.5)

Drinks per week, mean (SD) 3.7 (6.7) 3.5 (6.6) 5.0 (8.0)

Blocks/miles walked per

week, mean (SD)

7.3 (8.6) 7.8 (10.0) 6.9 (7.9)

3MSE scoref, mean (SD) 93.6 (4.6) 93.0 (4.7) 91.9 (4.7)

APOE ε4g

≥1 ε4 allele 356 (24.1) 109 (23.3) 23 (22.1)

No ε4 allele 1,124 (75.9) 358 (76.7) 81 (77.9)

Treatment status

G. biloba 747 (50.5) 233 (49.9) 53 (51.0)

Placebo 733 (49.5) 234 (50.1) 51 (49.0)

aAge= age at randomization.
bBodymass index= kg/m2.
cCardiovascular disease= self-reported history of the following conditions

(heart attack, angina, heart failure, coronary bypass surgery, balloon angio-

plasty).
dCerebrovascular disease = self-reported history of stroke, or transient

ischemic attack/small stroke.
eHypertension= blood pressure>140/90, or use of anti-hypertensives.
f3MSE score=ModifiedMini-Mental State Examination.
gAPOE ε4= apolipoprotein E ε4 allele.

and consume more alcohol (Table 1). Most missing data came from

absent APOE genotype information (20.1%), which was due to lack of

informed consent or technical problems with the blood samples from

the clinical laboratory.
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F IGURE 2 Kaplan-Meier estimate of risk of
all-cause dementia by number of sensory
impairments (hearing and vision)

TABLE 2 Associations between total number of sensory impairments at baseline and risk of incident all-cause dementia, Alzheimer’s disease,
and vascular dementia in the GEMStudy (2000-2008)

All-cause dementia (n= 321) Alzheimer’s disease (n= 220) Vascular dementia (n= 86)

Number of sensory impairments Hazard ratio (95%CI)a P Hazard ratio (95%CI)a P Hazard ratio (95%CI)a P

No sensory impairment 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Single sensory impairment 1.11 (0.86-1.44) .43 1.10 (0.80-1.50) .58 1.19 (0.73–1.95) .48

Dual sensory impairment 1.86 (1.25-2.76) .002 2.12 (1.34-3.36) .001 1.22 (0.52–2.89) .65

Test for trend .009 .01 .46

CI, confidence interval.
aModels adjusted for age, sex, race, education, income, bodymass index, alcohol intake, smoking status, physical activity, cardiovascular disease, cerebrovas-

cular disease, diabetes, hypertension, clinic site, treatment status, and APOE.

3.1 Associations with dementia

Over 11,392 person-years of follow-up, 321 participants (15.6%)

developed all-cause dementia: 14.3% in participants with no sensory

impairments, 16.9% in those with one sensory impairment, and 28.8%

in those with DSI. An increasing number of sensory impairments was

associated with risk of all-cause dementia in a graded fashion based

on crude Kaplan-Meier estimates (Figure 2). In fully adjusted models,

participants with DSI were 1.86 times more likely to develop all-cause

dementia (95% CI: 1.25-2.76; P = .002) than those without any sen-

sory impairments,whereas participantswithDSIwere 2.12 timesmore

likely to develop AD (95% CI: 1.34-3.36; P = .001) than those without

any sensory impairments (Table 2). Trends across the three levels were

also significant for all-cause dementia and AD (Table 2). Significant

associationswerenotpresent for single sensory impairment as thepre-

dictor or with VaD as the outcome. Interactions between an increasing

number of sensory impairments and age, sex, and apoEwere not signif-

icant. However, stratification revealed differences; for sex- and apoE-

stratified analyses, DSI was significantly associatedwith increased risk

for all-cause dementia only among female participants (HR: 2.21; 95%

CI: 1.21-4.06; P= .01) and participants without the APOE ε4 allele (HR:
2.21; 95%CI: 1.37–3.56;P= .001) (Table S1). Risk of all-causedementia

associated with DSI appeared to increase with age (<80 years, 80–84

years, and ≥85 years), although estimates were borderline significant

for all age groups (0.05≤ P ≤ .08). Stratifying on baseline cognitive sta-

tus showed thatDSIwas associatedwith riskof all-causedementia only

among participants who were cognitively normal at study entry (HR:

2.08; 95%CI: 1.29-3.37; P= .003) (Table S2).

3.2 Estimated severity of sensory impairments
and differential associations by vision and hearing

In models evaluating baseline summary scores of DSI and risk of all-

cause dementia, significant associations were found for continuous

measures (summary score 1 to 6) and categorization based on three

ordered groups of DSI severity (Table 3). In the fully adjusted model

comparing participants with no DSI, those with “high” severity of DSI
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TABLE 3 Associations between estimated baseline levels of dual
sensory impairment severity and risk of all-cause dementia

Severity of DSI

Hazard ratio (95%

confidence interval)a P-value

DSI severity (continuous)b 1.15 (1.02-1.29) .02

DSI severity categories

NoDSI (n= 1947) 1.00 (reference)

Low (1-2) (n= 62) 1.74 (1.04-2.90) .03

Intermediate (3-4) (n= 30) 1.30 (0.64-2.65) .46

High (5-6) (n= 12) 5.09 (1.24-20.85) .02

Test for trend .02

DSI, dual sensory impairment.
aModels adjusted for age, sex, race, education, income, body mass index,

alcohol intake, smoking status, physical activity, cardiovascular disease,

cerebrovascular disease, diabetes, hypertension, clinic site, treatment sta-

tus, and APOE.
bA summary score of hearing and visual impairments from 1 to 6 was used

to defineDSI severity. A score of 1 represented impairment in a single ques-

tion for vision and hearing each. A score of 2 represented impairments in

two questions for hearing and in a single question for vision, or impairments

in a single question for hearing and in two questions for vision. A score of

3 represented impairments in all three questions for hearing and in a sin-

gle question for vision, impairments in two questions for hearing and in two

questions for vision, or impairments in a single question for hearing and in

three questions for vision. A score of 4 represented impairments in a single

question for hearing and in all four questions for vision, impairments in two

questions for hearing and in three questions for vision, impairments in all

three questions for hearing and in two questions for vision. A score of 5 rep-

resented impairments in all three questions for hearing and in three ques-

tions for vision, or impairments in two questions for hearing and in all four

questions for vision. A score of 6 represented impairments in all questions

for hearing and vision.

(defined as having the highest summary score of 5 to 6) were at the

greatest risk of all-cause dementia (HR: 5.09; 95% CI: 1.24-20.85; P =

.02). Participants with “low” severity of DSI (defined as having the low-

est summary score of 1 to2) were also at significantly increased risk of

all-cause dementia (HR: 1.74; 95% CI: 1.04-2.90; P= .03) compared to

participantswith noDSI. The dose-response relationship between con-

tinuous measures of DSI severity and risk of all-cause dementia was

also significant (Ptrend = .02).

Although single sensory impairment was not associated with risk of

dementia as compared with no sensory impairment, associations dif-

fered between the type of sensory deficit and dementia risk. Visual

impairment was individually associated with risk of all-cause demen-

tia (HR: 1.34; 95% CI: 1.04-1.71; P = .02) and AD (HR: 1.39; 95% CI:

1.03-1.87; P= .03) after adjusting for demographics, health conditions,

lifestyle factors, APOE genotype, treatment status, and clinic site, but

notwith risk ofVaD (Table 4).With simultaneous inclusion of visual and

hearing impairments in one model, visual impairment remained signif-

icantly associated with risk of all-cause dementia (HR: 1.32; 95% CI:

1.02-1.71; P = .04), but not with risk of AD or VaD. Hearing impair-

ment was not associated with any dementia outcome whether consid-

ered individually or after adjusting for visual impairment in the single

model.

3.3 Sensitivity analyses

Restricting the analysis to probable AD resulted in slightly attenuated

estimates for DSI, although the interpretation did not change (Table

S3). Including death as a competing risk produced similar associations

between DSI and all-cause dementia (Table S4). DSI remained signifi-

cantly associated with AD when including non-AD as a competing risk

(Table S4). Neither DSI nor single sensory impairment was significantly

associatedwith VaDwhen including non-VaD as a competing risk. Con-

ducting multiple imputation for missing data resulted in attenuated,

but still significant, estimates as comparedwith the complete case anal-

ysis (Table S5).

4 DISCUSSION

In this prospective cohort of 2051 older adults, we found significant

associations between DSI and risk of all-cause dementia and AD, but

not VaD. In fully adjusted models, DSI was associated with an 86%

increased risk for all-cause dementia and an 112% increased risk for

AD compared with having no sensory impairments. Greater extent of

DSI was also significantly associated with increasing risk of all-cause

dementia. These findings were robust after adjustment for multiple

potential confounders and in sensitivity analyses. Together, our find-

ings suggest that older adultswithDSI represent a high-risk population

that could be a target for intervention prior to the onset of dementia.

Previous studies have suggested that associations similar to those

reported here might be found. In a cross-sectional study of over

250,000 older adults in China, those with combined vision and hearing

impairments had greater odds of dementia than those with no sensory

impairment.37 A longitudinal study with participants from the United

States and Europe found that older adults with DSI had lower episodic

memory scores and remembered fewer words compared with those

with no sensory impairment.38 Another study from Europe examin-

ing nursing home residents showed that those with DSI had greater

cognitive decline than those with either vision or hearing impairment

and those without sensory impairment.39 A population-based cohort

study from Japan using administrative health care data reported that

DSI among long-term care recipients was associated with cognitive

impairment compared to individuals with normal sensory function.40

Our study adds to this body of knowledge on the impact of DSI in rela-

tion to cognitive impairment by using prospectively collected data in

participants followed over 8 years, which includes rigorous evaluation

of dementia and its main subtypes: AD and VaD.

Several hypotheses can be advanced to explain the link between

sensory and cognitive function. Greater impairment in hearing and

vision may accelerate cognitive decline because of the association of

sensory impairmentwith social isolation, depression, reduced physical,

and mental activities, and functional limitations.13 At a neural level,

these impairments may limit or stress the neural resources needed

for optimal performance of cognitive tasks by increasing cognitive

load.22 Loss of sensory input can also lead to reduced activation in

central sensory pathways, resulting in changes to brain structure, and



HWANG ET AL. 7 of 9

TABLE 4 Associations between individual sensory impairments (vision and hearing) and risk of incident all-cause dementia, Alzheimer’s
disease, and vascular dementia

All-cause dementia Alzheimer’s disease Vascular dementia

Individual modelsa Combinedmodelb Individual modelsa Combinedmodelb Individual modelsa Combinedmodelb
Sensory

impairment HR (95%CI)c P HR (95%CI)c P HR (95%CI)c P HR (95%CI)c P HR (95%CI)c P HR (95%CI)c P

Vision 1.34 (1.04-1.71) .02 1.32 (1.02-1.71) .04 1.39 (1.03-1.87) .03 1.32 (0.97–1.80) .08 1.24 (0.76–2.03) .38 1.36 (0.82–2.25) .23

Hearing 1.18 (0.88-1.59) .28 1.20 (0.88-1.63) .25 1.30 (0.92-1.85) .14 1.31 (0.92–1.89) .14 0.86 (0.46–1.61) .64 0.90 (0.48–1.69) .74

CI, confidence interval; HR, hazard ratio; P, P value.
aVision and hearing examined individually in separatemodels.
bVision and hearing examined together in onemodel.
cModels adjusted for age, sex, race, education, income, bodymass index, alcohol intake, smoking status, physical activity, cardiovascular disease, cerebrovas-

cular disease, diabetes, hypertension, clinic site, treatment status, and APOE.

function, such as deafferentation-induced atrophy in frontal brain

regions and stressing brain circuitry due to resource demands to

address poor signal-to-noise ratios.3,41 Sensorial stimulation, on the

other hand, may have beneficial effects on neuronal development and

function, such as formation of new synapses and survival.42 Alter-

natively, common pathological processes including vascular disease,

inflammation, or some combination of these may be responsible for

the relationship between DSI and dementia.14,23 Hearing and vision

loss are associated with vascular pathology, such as white matter

hyperintensities and microvascular lesions,43,44 which are also impor-

tant contributors to VaD. DSI may also be a marker of underlying

neurodegeneration.We found that the impact of DSI was strongest for

AD.Other studies support a connection between sensory dysfunctions

and AD,45 but not all.46,47 Although we accounted for MCI in our

analysis, given the long and insidious development of AD, which is also

the case for hearing and vision loss, we cannot rule out that reverse

causation from early neurodegenerative stages of the AD disease

process contributed to the development of DSI. Our findings do not

allow a conclusive choice between these hypotheses, which are not

mutually exclusive. Additional studies are necessary to determine

the mechanisms underlying these associations. Further research is

also needed to evaluate whether these mechanisms are shared or

differ between hearing and vision as we found that individually visual

impairment, but not hearing impairment, was significantly associated

with increased risk of all-cause dementia. Either mechanism has

implications for potential clinical interventions.

This study has a number of strengths, including its prospective and

longitudinal design, large sample size, rigorous classification of demen-

tia and its subtypes, and standardization of data collection for other

covariates. Important limitations exist, however, such as misclassifica-

tion of sensory impairments. The questions used to assess hearing and

visual function in the GEMStudywere asked at baseline only, and their

accuracy is unknown. In addition, information on date of onset and

cause of sensory loss were unavailable. The low prevalence of hear-

ing impairment in our sample was likely a result of excluding those

with severe hearing loss from participating in the GEM Study and mis-

classifying some participants who had hearing loss as not having hear-

ing loss. Even with misclassification of hearing impairment that would

bias our results toward the null, we still found a significantly increased

risk of dementia associatedwithDSI, which also accounted for sensory

problems in the diagnosis of dementia. Had hearing impairment sta-

tus been more accurately classified in our study, we would expect an

even stronger association between DSI and dementia than what was

observed. AD and VaD were classified using standardized clinical cri-

teria and cranial magnetic resonance imaging, but neuropathological

information was not available, and again misclassification is possible.

However, for the AD outcome, when restricting only to probable AD,

which has a higher predictive value of neuropathologic changes in AD

as compared with possible AD,48 we did not find substantially differ-

ent results compared to the primary findings with probable and pos-

sible AD included. Another limitation is that our findings may not be

generalizable to other populations because participants in the GEM

Study were highly selected to be healthy at baseline and were mostly

white.

DSI was independently and strongly associated with increased risk

of all-cause dementia andAD in this cohort of older adults, but notVaD.

Further research is needed to characterize the exact role of sensory

impairments and whether treatments that improve sensory function,

such as surgery or sensory aids, devices, and prostheses, can modify

this risk. Because the public health burden of dementia will increase

over the next three decades, evaluation of vision and hearing function

in older adults may help identify patients at elevated risk of developing

dementia.
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SUPPORTING INFORMATION

Additional supporting informationmay be found online in the Support-

ing Information section at the end of the article.
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