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Abstract

Introduction: We created a summary measure of multiple sensory (multisensory) impairment 

and evaluated its association with dementia.

Methods: We studied 1794 adults aged 70 to 79 who were dementia-free at enrollment and 

followed for up to 10 years in the Health, Aging, and Body Composition Study. The multisensory 

function score (0 to 12 points) was based on sample quartiles of objectively measured vision, 

hearing, smell, and touch summed overall. Risk of incident dementia and cognitive decline 

(measured by two cognitive tests) associated with the score were assessed in regression models 

adjusting for demographics and health conditions.

Results: Dementia risk was 2.05 times higher (95% confidence interval [CI] 1.50-2.81) 

comparing “poor” to ”good” multisensory score tertiles and 1.45 times higher comparing the 

“middle” to “good” tertiles (95% CI 1.09-1.91). Each point worse multisensory function score was 

associated with faster rates of cognitive decline (P < .05).

Conclusions: Worsening multisensory function, even at mild levels, was associated with 

accelerated cognitive aging.
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1 ∣ BACKGROUND

Sensory function declines with age,1 and impairments in vision, hearing, and smell are 

individually associated with increased risk of dementia.2-9 Sensory impairments often occur 

together10,11;however, the majority of prior studies focus on individual sensory impairment. 

Emerging evidence suggests that multiple deficits in sensory function (eg, multisensory 

impairment) have a greater impact on health outcomes than a single sensory deficit.12-15 

Few studies have examined combined effects of sensory impairments on dementia risk by 

incorporating often-unstudied senses such as smell and touch or examined potential 

mediators or moderators of this association.

In prior work we found that increasing numbers of impairments in vision, hearing, olfaction, 

and touch were associated with increased risk of dementia.15 This along with two studies 

that examined associations of hearing, vision, and olfaction in one model,4,6 suggests that 

there are additive effects of multiple impairments in sensory function on dementia. These 

studies focused only on relatively severe impairments, we hypothesize that there may be 

larger and more graded effects by incorporating both severity and number of impairments 

into a multisensory measure. There are no established scores for quantifying multisensory 

impairment. Additional efforts to examine multisensory impairment along a continuum of 

severity may help elucidate causes of brain aging and provide a useful approach for future 

multisensory research.

The mechanism that explains the link between sensory impairments and dementia are not 

well established16 but have implications for whether multisensory impairment could be a 

useful tool to help identify or prevent dementia. Sensory impairments could be due to 

underlying neurodegeneration3 or the same disease processes as those affecting cognition, 

such as cerebrovascular disease.17-19 Alternatively, sensory impairments, particularly those 

due to hearing or vision, may accelerate cognitive decline, either directly impacting 

cognitive load or indirectly through the effects of sensory impairment on other health-related 

outcomes.20,21 Potential mediators include poor physical function, disability, reduced 

physical activity, and psychosocial factors such as poorer quality of life, social isolation, and 

depression, which are associated with sensory impairments22-25 and increased risk of 

cognitive decline.26 However, hearing and visual impairments in the absence of a true 

cognitive deficit may lead to false identification of cognitive impairment, which questions 

the role of a biologic link.27-29 Few studies have examined whether there is potential 

mediation in the context of multisensory impairment and risk of dementia.

Building off our prior work,15 the objectives of this study were to create a combined 

summary measure of multisensory function and to evaluate the extent to which multisensory 

impairment along a continuum of severity is associated with higher risk of dementia and 

faster rates of cognitive decline. We based the multisensory function score on continuous 

objective measures of hearing, vision, olfaction, and touch (specifically lower extremity 

peripheral sensory nerve function). We also examined mobility and psychosocial factors as 

potential mediators of the relationship between multisensory impairment and dementia and 

we tested for effect modification by sex and race. We studied black and white older adults in 

the Health, Aging and Body Composition (Health ABC) Study.
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2 ∣ METHODS

2.1 ∣ Participants

Health ABC Study is a prospective cohort study of well-functioning 3075 black and white 

women and men.30 Participants aged 70 to 79 years of age and living within in selected ZIP 

codes in Pittsburgh, PA, and Memphis, TN, in 1997-1998, were recruited from a random 

sample of Medicare-eligible adults. Recruited individuals were enrolled if they were free 

from life-threatening cancers as well as functional or mobility difficulties, and they had to 

plan to remain in the study area for at least 3 years. Enrolled participants underwent clinical 

examinations annually, phone calls every 6 months, and medical records review for major 

incident health events for up to 16 years. Written informed consent was obtained from each 

participant. The Health ABC Study was approved by institutional review boards at each site 

and the study coordinating center.

Our current analysis focused on 1794 participants with non-missing sensory assessments 

between Health ABC Years 3 and 5 and at least one follow-up assessment. Excluded 

participants included 276 participants missing one or more sensory assessment in hearing, 

vision, smell, or touch; 142 participants with prevalent dementia at Year 5; 90 participants 

without any assessments after Year 5; and 773 participants missing covariate data.

2.2 ∣ Multisensory function

Between Health ABC Study Years 3 and 5 sensory function was assessed once for each 

domain (hearing, vision, smell, and touch). We created a multisensory function summary 

score based on sample quartiles for each sensory function test, since there are no established 

scores for quantifying multisensory impairment or function. We focused on four sensory 

tests with continuous measurements. Visual function was assessed with the Pelli-Robson 

contrast sensitivity test in Year 3; participants were tested binocularly with usual corrective 

lenses per study protocol.31 Olfaction was measured with the 12-item Cross Cultural Smell 

Identification Test (B-SIT) in Year 3.32 Touch was measured with vibration detection 

threshold (in μm), which was measured at the bottom of the big toe in Year 4. Hearing was 

based on pure tone average calculated from audiometric thresholds at 0.5, 1, 2, and 4 kHz 

for the better hearing ear. Audiometric assessments were performed in a sound-treated booth 

in Year 5 and hearing aids were not allowed per study protocol.

For each individual sensory measure, participants were assigned a score 0 to 3 based on 

sample quartiles for sensory function (eg, individuals with the best quartile of sensory 

function were assigned 0, and those with the worst quartile of sensory function were 

assigned a score of 3). Scores for the individual senses were summed to create a summary 

score of multisensory function (0 to 12). Participants with a score of 0 would have good 

sensory function in all senses, whereas those with 12 would have poor sensory function in 

all senses and those with intermediate scores could have a mix of impairments (eg, poor 

function in only one or two senses or mild impairments in all senses). For descriptive 

purposes, participants were further split into “good,” “middle,” and ”poor,” and 

multisensory function score based on sample tertiles.
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As a sensitivity analysis we created two other summary scores. First, we created a modified 

individual sensory quartile-based scores to incorporate established clinical cut-points for 

impairment (Table S1) by replacing the highest sample cut points with cut-points for 

impairments that were available for vision,9 hearing,5 and touch.33 Second, we created a 

score based on percentile rank of participants, first creating percentile rank score for each 

sensory function and next by summing percentile rank scores and then calculating percentile 

rank for participants based on the combined sensory function scores.

2.3 ∣ Cognitive decline and dementia

Cognition was measured by the Modified Mini-Mental State Exam (3MS), a test of global 

cognitive function,34 and the Digit Symbol Substitution Test (DSST), a measure of cognitive 

processing speed.35 The 3MS and DSST were administered in Years 1,3 (3MS only), 5,8,10, 

and 11. As in other Health ABC studies,7,36,37 dementia was defined as meeting one or more 

of the following criteria through study Year 15: (1) documented use of dementia medication; 

(2) hospitalization with dementia as a primary or secondary diagnosis; or (3) a 3MS score 

that was 1.5 SD lower than from Health ABC Study baseline mean (race-stratified). 

Medication use was collected at annual visits. Self-reported hospital admissions were 

collected every 6 months, and hospital records were reviewed for either a primary or a 

secondary diagnosis of dementia related to the admission (by International Classification of 

Diseases [ICD] codes and available chart/exam information). Date of diagnosis was defined 

as the first date at which the participant met at least one of the above criteria. The majority 

of dementia cases (about 75%) were based on hospitalizations either alone or in combination 

with other sources. We excluded participants from this analysis who met criteria for 

dementia at or before Year 5 (analytic baseline). To estimate longitudinal trends in cognition 

we used 3MS and DSST data from Year 5 to 11.

2.4 ∣ Covariates

We selected covariates from the analytic baseline (study Year 1-5). Sex, race, educational 

attainment, marital status, and study site were recorded in Year 1. Age at Year 5 was 

considered in this analysis. History of health conditions (hypertension, diabetes, 

cardiovascular disease [myocardial infarction, congestive heart failure, etc], and 

cerebrovascular disease [stroke, transient ischemic attack]) cumulative up to Year 5 were 

defined based on a combination of participant interview, medical record review, medications, 

and baseline laboratory values. Year 5 body mass index (BMI) was calculated as kg/m2. 

Participants were also asked about alcohol consumption and smoking. Alcohol consumption 

was assessed at Year 1 only; heavy alcohol consumption (yes, no) we defined as more than 

one drink per day. We categorized smoking status at Year 5 as never, current, or former. 

Apolipoprotein E (APOE) genotype was assessed with serum assay; APOE ε4 allele status 

was defined as (1+ ε4 allele vs none).

We also examined several mobility and psychosocial factors as potential mediators, as these 

factors may be affected by sensory impairment and may help explain how sensory 

impairments could increase risk for accelerated cognitive decline.20-25 Measures were 

obtained from Year 5. Fast-paced gait speed (m/s) was measured with a 20-meter walking 

timed test, where participants were instructed to “walk as fast as you can.” Psychosocial 
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measures included depressive symptoms and perceived social support. Depressive symptoms 

were measured with the Center for Epidemiologic Study Depression scale (CESD) short 

form.38 Participants ranked their satisfaction of social support from least to most satisfied (0 

to 10) in response to the question “How satisfied are you with how often you see or talk to 

your family and friends?” A separate question on lack of social support also asked, “In the 

past year, could you have used more emotional support than you received?” (yes, no, 

unknown/missing).

2.5 ∣ Statistical analyses

We compared participant characteristics by tertile (good, middle, poor) of multisensory 

function score. Participants were followed from Year 5 (analytic baseline) to dementia 

diagnosis or the last available date of contact. Multivariable Cox proportional hazard models 

evaluated the relationship between multisensory function score and time from Year 5 to the 

first date at which participant met criteria for dementia (proxy for dementia onset); 

participants who did not develop dementia were censored at last visit, death, or drop out. 

The primary predictor in all models was multisensory function score as a continuous 

measurement. We report estimates for a four-point difference, which is equivalent to a 25% 

difference in score. As a secondary analysis we examined tertiles of multisensory function 

score (good function as the reference group). We ran three models with increasing 

adjustment for covariates: Model 1 included adjustment for demographics; Model 2 included 

adjustment for demographics plus comorbid conditions and health behaviors; and Model 3 

included adjustment demographics, comorbid conditions, health behaviors, and possible 

mediators (fast walking speed, depression, and social support measures). Model 2 was 

considered the primary model. We hypothesized that inclusion of potential mediators in 

Model 3 would result in reduced estimates compared to Model 2.

We included interactions between primary predictors and race, sex, and APOE ε4 allele to 

test whether associations differed for subgroups. Participants excluded from the analytic 

sample differed by demographics and tended to have more health conditions than those 

included, so we ran a sensitivity analysis to generalize results to the full Health ABC Study 

sample.39 We re-ran our primary model using inverse probability weights to account for 

participants who were not included in the analytic sample. First, we used a logistic 

regression with demographics and dementia status as predictors of study exclusion; next, 

weights were calculated as the inverse of predicted values of this regression and included in 

Model 2. We calculated 95% confidence intervals (Cis) based on 1000 bootstrapped 

replications.40 To confirm earlier findings, which suggest linear effects of sensory function 

on dementia as well as to compare effect sizes, we estimated the association between 

individual sensory function measures and dementia. Next we evaluated whether associations 

with the multisensory score were above and beyond effects of any individual impairment on 

dementia risk. We included olfaction (impairment in which may indicate preclinical 

Alzheimer’s disease41) and then all of the individual sensory measures in Model 2 with the 

multisensory score. Then, to examine alternative operationalizations of the multisensory 

score, we re-ran Model 2 with the percentile rank and clinical cut-point adjusted 

multisensory scores.
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Finally, we examined longitudinal trends in cognition (from Year 5 to 11) using linear 

mixed-effects models with random intercepts and slopes by participant. We evaluated the 

association between multisensory function score and rate of cognitive decline with a time 

since baseline X multisensory function score interaction. Models were run with the 3MS and 

DSST as the outcome separately, and also included time (since baseline), time2, 

demographics, comorbid conditions, and health behaviors. We explored non-linear trends 

with polynomial splines, which suggested linear and quadratic terms for time were sufficient 

(test for interaction between the multisensory score and time2 did not improve model fitP (P 
= .13 for likelihood ratio test). All tests were twosided with α = 0.05; we report 95% CIs. 

Analyses were conducted in R (version 3.4.1).

3 ∣ RESULTS

Sensory function measures were slightly correlated (range 0.04 to 0.15), smell, and vision, 

smell and hearing, touch and all other measures were significantly correlated more than 

expected by chance (Table 1). By definition, the average multisensory function score was 6 

(SD: 2) and the distribution of scores in the sample was approximately normal (Figure 1). 

Participants with the lowest scores tended to have no sensory impairments, whereas those 

with the highest scores tended to have multiple moderate-severe sensory impairments; 

intermediate range of scores could either have 1 moderate-severe sensory impairment or 

multiple mild impairments. Most participants (75%) wore glasses during the vision testing; 

13% reported daily use of hearing aids. Compared to those with good multisensory function 

scores, participants with worse multisensory function scores tended to be older, white, less 

educated, and were more likely to have comorbidities, poor mobility, and more depressive 

symptoms (Table 2).

The average length of follow-up was 6.3 years (SD: 3.1). Three hundred twenty-eight 

participants (18%) developed dementia over follow-up. Worse multisensory function score 

was associated with higher risk of dementia (Table 3). In models adjusted for demographics 

and health conditions, participants with a poor multisensory function score were 2.05 times 

more likely to develop dementia (P < .001) than those with a good score (95% CI 1.50-2.81). 

Participants with a middle multisensory function score were 1.45 times more likely to 

develop dementia (P < .001) than those with a good score (95% CI 1.09-1.91). Even a 1-

point difference in multisensory function score was significantly associated with risk of 

dementia: 1-point worse in multisensory function score was associated with a 14% higher 

(95% CI 8%-21%) risk of dementia and a 4-point worse score was associated with 71% 

higher risk of dementia (95% CI 38%-211%). Adjustment for health conditions in addition 

to demographics did not affect points estimates much. Results were essentially unchanged 

after inclusion of inverse probability weights to account for potential selection bias into the 

analytic sample (adjusted hazards ratio [aHR] for 1 point of multisensory function score = 

1.16,95% CI 1.10-1.23). Alternative calculations of the multisensory score resulted in 

similar findings; estimated associations were slightly stronger with including clinical cut-

points (Table S2).

Individually, worse sensory function was associated, or borderline associated with increased 

risk of dementia (Table S3). Smell was the most strongly associated (estimated 19% higher 
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risk of dementia for each 10−percentile difference versus 1% to 3% higher risk for vision, 

hearing, and touch). Worse multisensory scores were still significantly associated with 

higher risk of dementia even after inclusion of the olfactory scale, although estimates 

slightly attenuated (hazards ratio [HR] for 4 points: 1.28, 95% CI 1.01-1.62). Estimates were 

still elevated with inclusion of all sensory measures but less precise (HR for 4 points: 1.40, 

95% CI 0.92-2.12).

Estimates were slightly lower (≈3% to 10%) once including potential mediators (mobility 

and psychosocial measures) (Table 3). This reduction in the estimate for multisensory 

function score was due primarily to inclusion of fast walking speed, which was strongly 

associated with multisensory function score (P < .001) and risk of dementia (HR for 1 m/s 

difference = 2.81, 95% CI 1.88-4.21; P < .001). When only fast walking speed was included 

in the adjusted models, the estimated increased risk of dementia for 1-point difference in 

multisensory function score was 13%, compared to 12% with inclusion of fast walking 

speed plus psychosocial factors.

Interactions between multisensory function score and race (HR for interaction: 0.97, 95% CI 

0.87-1.07; P = .52) and APOEε4 allele status (HR for interaction: 1.02, 95% CI 0.92-1.12; P 
= .76) were not significant and close to null. The interaction between multisensory function 

score and sex was not significant (P = .13), but suggested that the association between 

multisensory function score and dementia was slightly reduced in women (HR for 

interaction: 0.92, 95% CI 0.84-1.02; P = .13.

Worsening multisensory function score was associated with significantly lower cognition at 

analytic baseline as well as faster annual rates of decline in both the 3MS and DSST (P 
< .05), even after adjustment for demographics and health conditions (Table 4). Inclusion of 

individual sensory measures did not substantially change estimates for 3MS but attenuated 

estimates for DSST. Figure 2 shows decline in 3MS by good, middle, and poor multisensory 

function score.

4 ∣ DISCUSSION

We developed a score to quantify multisensory function and evaluated its association with 

risk of dementia and cognitive decline among black and white older adults. With worsening 

multisensory function score, the risk of dementia and rate of cognitive decline increased in a 

dose-response manner. In fully adjusted models, participants with poor multisensory 

function scores had a 2 times higher risk of dementia compared to those with good scores. 

Even participants with middle multisensory function scores had almost a 1.5 times higher 

risk of dementia than those with good scores. Additional adjustment for potential mediators 

such as mobility and psychosocial factors slightly attenuated estimates; this was primarily 

due to adjustment for walking speed. These effects were not attributable to effects of any one 

sensory function measure, in particular; they were above and beyond the association 

between olfaction and dementia. Together our findings suggest that function in multiple 

sensory domains can be quantified along a continuum. Even mild/moderate levels of sensory 

impairments combined across multiple domains (eg, those with middle multisensory 

function scores) were associated with increased risk of dementia. This study adds further 
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evidence that individuals with poor sensory function in multiple modalities are a high-risk 

population that could be targeted prior to dementia onset for intervention.

Impairment in multiple sensory domains is emerging as an important comorbidity associated 

with dementia in older adults. Few studies have quantified the effects of multisensory 

impairment on cognitive impairment. A number of studies have found that individual 

impairments in hearing, vision, and smell are associated with risk of dementia,2,3,5,7,8,42 and 

may have independent effects.4,6 Combined hearing and visual impairment has been 

associated with added risk compared to one impairment in some,14,43 but not all, studies.44 

Another study found impairments among five senses (operationalized as global sensory 

impairment) predicted lower cognitive function, but did not test for graded effects.25 Our 

prior work in the Health ABC Study found significant graded effects of increasing number 

of sensory impairments in these same four domains, but was focused on only relatively 

severe sensory impairments.15 These current results are an important extension of this prior 

work by showing graded associations along a continuum of multisensory function. Those 

with poor multisensory function seem to be a subgroup at high risk health outcomes 

including cognitive decline and could be targeted for dementia prevention strategies. Our 

findings suggest that these effects are above and beyond those which can be attributed to 

individual sensory domains, including olfaction, which was the mostly strongly associated 

with dementia on its own. Furthermore, we developed an approach to quantify multisensory 

function and impairment in a continuous measure. Our findings suggest that a sample-based 

score could be improved by incorporating clinical cut-points; however, further research is 

needed to optimize such a measure for dementia risk. Approaches to quantifying and 

measuring multisensory function could be useful in clinical settings to screen older adults. 

The utility of incorporating multisensory assessments and summary scores in dementia-

prediction models for patients should also be explored in future research.

We find strong evidence for graded or additive association of our multisensory function 

score on cognitive decline and risk of dementia. However, the mechanisms underlying this 

association are challenging to assess, and future work will be required to determine which 

mechanisms are shared across sensory modalities, which may differ, and whether there are 

any interactions. Sensory impairments, particularly in hearing and vision, may worsen 

mobility, functional limitations, depression, and social isolation,22-25 which may 

subsequently accelerate cognitive decline.22 In this study, we began to examine some of 

these factors as potential mediators. Participants with worse multisensory function had 

worse mobility and were more likely to have depressive symptoms. We did not find 

substantial differences by social support measures; however, questions assessing social 

support were limited in scope. Other research suggests that social engagement is linked to 

visual and hearing impairments.22 We further examined potential mediation by including 

measures of mobility and psychosocial factors as covariates in our models; and estimates 

were slightly attenuated primarily with the inclusion of walking speed. This finding suggests 

that mobility may be a potential mediator of the relationship between multisensory 

impairments and dementia. Future work will be needed to determine that mobility represents 

a true mediator and not just a proxy for a shared cofounder. A combination of general aging 

processes, inflammation, or subclinical cardiovascular or metabolic disease may be shared 

causes of sensory impairments, dementia, and walking speed/physical function.1,17,33,45 
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This may explain why we find slight correlations between many of the individual sensory 

measures; however, future research should explore whether sensory impairments tend to 

cluster together (as suggested by some work10,25) or sensory impairments interact to 

contribute to dementia.

Most of the association between multisensory function score and dementia was independent 

of potential mediators as well as potential confounders. Beyond biologic pathways it is also 

possible that the association between sensory impairments and dementia could be explained 

by measurement error. Sensory function tests involve cognitive processing and decision-

making and cognitive function tests, including the 3MS and DSST involve auditory and 

visual cues, which can contribute to misclassification of cognitive impairment in those with 

impairments.27-29 Additional studies are necessary to determine which pathways link 

sensory impairments and dementia. However, our findings of a strong graded association 

that remained even with adjustment for individual sensory impairments as well as potential 

mediation by mobility, suggest that some biologic pathway(s) link sensory impairments and 

dementia beyond the effects of normal aging or measurement error.

This study is not without several limitations. Our dementia variable was based on an 

algorithm and not a clinical diagnosis, and our Cox proportional models assumed 

participants did improve cognition during follow-up. We may have misclassified some 

participants compared to a clinical diagnosis, which could have attenuated associations. 

Function in each sense was measured only once and not all assessments were in the same 

study year. This could lead to misclassification in our multisensory measure. Sensory 

function generally declines with age,1 but some impairments can be corrected (eg, new 

glasses, cataract surgery).46 In addition, participants were instructed to wear glasses or 

contacts during the visual tests but not to wear hearing aids during hearing tests; it is unclear 

whether this affected results. Any misclassification would likely occur independent of future 

dementia risk and so estimates would be biased to the null. Our multisensory measure 

focused only on specific measures for each sensory domain and may have missed other 

aspects of vision, smell, hearing, or peripheral sensation that are important. Finally, 

participants were highly selected to be healthy at baseline and were relatively old. Our 

findings may not be generalizable to mid-life or the general older adult population, although 

it is possible that these associations may be even more robust in samples with a wider health 

range. Estimates did not change substantially when we included inverse probability 

weighting to account for potential selection bias towards healthy participants.

This study also has appreciable strengths including a large biracial cohort of older adults 

followed for over 10 years. We used a definition of all-cause dementia based on multiple 

criteria and sources, and we also separately examined associations with rate of cognitive 

decline in two global cognitive measures. We used multiple objective measures of sensory 

function including touch, which is understudied. We also summarized and assessed the 

combined effects of multiple sensory impairments on cognitive decline and risk of dementia. 

We included sensitivity analyses to account for potential selection bias in the analytic 

sample, we tested for interactions by sex and race, and we evaluated potential mediators.
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We summarized function across multiple sensory domains using objective sensory 

measurements in vision, touch, smell, and hearing. Worse multisensory function scores were 

associated with higher risk of dementia and cognitive decline in a cohort of black and white 

older adults. This study adds to emerging evidence that multisensory impairment, even at 

mild levels, is associated with accelerated cognitive aging. Associations remained after 

accounting for comorbid health conditions, but were slightly reduced with adjustment for 

potential mediators, especially walking speed. Future studies will be needed to confirm 

mobility as a potential mediator, evaluate other potential explanations, and to determine 

whether those with multisensory impairments can be identified and targeted for intervention 

in clinical settings. Multisensory assessments may be a useful important risk stratification 

tool to identify those at high riskfor accelerated cognitive aging and other poor health 

outcomes.
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RESEARCH IN CONTEXT

1. Systematic review: Sensory impairments are individually associated with 

dementia, but few studies have examined associations with multiple sensory 

(multisensory) impairments or potential mediators. Furthermore, there is no 

standardized approach to summarize multisensory impairment along a 

continuum of severity.

2. Interpretation: These findings highlight that poor function in multiple senses, 

even at mild levels, predicts accelerated cognitive aging. We show that a novel 

summary score for quantifying multisensory function and impairment was 

associated with incident dementia and faster global cognitive decline. 

Associations were even for mild differences in multisensory function. 

Secondary analyses suggest that mobility may mediate this association.

3. Future directions: This study provides an approach for studying multisensory 

impairment in the context of dementia. Future research should explore other 

potential mechanisms that may explain this relationship to understand 

whether interventions on those with multisensory impairment could help 

prevent or delay dementia.
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FIGURE 1. 
Distribution of multisensory function scores. Colors show tertile of multisensory function 

score from light (good) to dark (poor)
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FIGURE 2. 
Worse multisensory function score tertiles show graded associations with estimated 

trajectories of Modified Mini Mental Status Examination across follow-up. Trajectories were 

based on predicted values for linear mixed-effects models with multisensory score tertile X 

time interaction, time since baseline, and time2 as primary predictors. Models were 

additionally adjusted for age at baseline, race, sex, education, hypertension, diabetes, 

cardiovascular disease, cerebrovascular disease, smoking status, and alcohol use
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TABLE 1

Correlation matrix for continuous measures of vision (contrast sensitivity), hearing (pure tone average), smell 

(olfactory score), and touch (vibration threshold)

Vision Hearing Smell Touch

Vision 1.00

Hearing 0.04 1.00

Smell 0.09*** 0.09*** 1.00

Touch 0.06** 0.15*** 0.08*** 1.00

*
< 0.05.

**
< 0.01.

***
< 0.001.
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