
Received: 10 April 2020 Revised: 31 July 2020 Accepted: 18 August 2020

DOI: 10.1002/alz.12191

F E ATU R ED ART I C L E

Long-term community noise exposure in relation to dementia,
cognition, and cognitive decline in older adults

JenniferWeuve1 Jennifer D’Souza2 Todd Beck3 Denis A. Evans3

Joel D. Kaufman4 Kumar. B. Rajan5 Carlos F.Mendes de Leon2 Sara D. Adar2

1 School of Public Health, Boston University,

Boston, Massachusetts, USA

2 School of Public Health, University of

Michigan, Ann Arbor, Michigan, USA

3 Institute for Healthy Aging, Rush University,

Chicago, Illinois, USA

4 School of Public Health, University of

Washington, Seattle,Washington, USA

5 Department of Public Health Sciences, UC

Davis, Davis, California, USA

Correspondence

SaraD.Adar,DepartmentofEpidemiology,

SPH IIM5539, 1415WashingtonHeights,Ann

Arbor,MI48109-2029,USA.

E-mail: sadar@umich.edu

Funding information

Alzheimer’sAssociation,Grant/Award

Number: 16GRNT30960046;NIH-NIA,

Grant/AwardNumbers:R01AG065359,

R01AG11101,RF1AG057532,R01AG051635

Abstract

Introduction: Exposure to noise might influence risk of Alzheimer’s disease (AD)

dementia.

Methods:Participants of theChicagoHealth andAging Project (≥65 years) underwent

triennial cognitive assessments. For the 5 years preceding each assessment, we esti-

mated 5227 participants’ residential level of noise from the community using a spatial

prediction model, and estimated associations of noise level with prevalent mild cogni-

tive impairment (MCI) and AD, cognitive performance, and rate of cognitive decline.

Results: Among these participants, an increment of 10 A-weighted decibels (dBA)

in noise corresponded to 36% and 29% higher odds of prevalent MCI (odds ratio

[OR] = 1.36; 95% confidence interval [CI], 1.15 to 1.62) and AD (OR = 1.29, 95% CI,

1.08 to 1.55). Noise level was associated with worse global cognitive performance,

principally in perceptual speed (–0.09 standard deviation per 10 dBA, 95% CI: –0.16

to –0.03), but not consistently associated with cognitive decline.

Discussion: These results join emerging evidence suggesting that noise may influence

late-life cognition and risk of dementia.
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1 INTRODUCTION

Alzheimer’s disease and relateddementias constitute someof themost

significant neurodegenerative conditions of our time. An estimated

5.8 million older Americans have Alzheimer’s disease (AD) dementia,1

and 13.8 million AD cases are expected by 2050,1 a trend that will be

echoed globally.2 There is suggestive evidence that chemical and struc-

tural hazards in the environment, such as air pollution and lead, may

influence cognitive decline anddementia risk.3–5 Another environmen-

tal exposure that could plausibly affect dementia risk is exposure to

community noise—from nearby roadways, railways, air transportation,

industry, and construction.6

Noise has long been recognized as a hazard to human health. By

1968, when the U.S. Public Health Service co-sponsored a conference

on the topic, the effects of noise on hearing loss and physiologic stress

responses were already recognized.7 Since then, dozens of investiga-

tions have documented the effects of community noise on children’s

cognition, their ability to learn, and the benefits of mitigating that

noise.8 The neurotoxicity of noise might extend to older adults, possi-

bly precipitating cognitive decline and dementia through direct effects

on AD pathology and inflammatory processes, yet this is a largely

understudied area of research.

In animal experiments, noise has been linked to neuropathological

changes indicative ofADand in brain regions affectedbyAD. For exam-

ple, in rats, noise exposure promoted the production of amyloid beta

in hippocampal tissue.9 Noise-exposed rats also show signs of another

neuropathologic hallmark inAD: increases in hyperphosphorylated tau

andneurofibrillary tangles in thehippocampus andprefrontal cortex.10
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Experimental noise exposures in animals appear to induce awide range

of other effects relevant to AD etiology, including oxidative stress and

inflammation, degenerative changes to the ultrastructure of synapses,

reduced frequency of neuronal firing, and neuronal apoptosis.9,11 Fur-

thermore, noise-exposed animals exhibit declines in learning andmem-

ory ability.12–14

Apart from these neuropathologic effects, the vascular effects of

noise also etiologically link it to dementia. These include increased

heart rate,15 peripheral vasoconstriction, peripheral vascular

resistance,16,17 as well as elevated risk of hypertension18 and

myocardial infarctionmortality, even after adjusting for air pollution.19

Noise exposure might also elevate cognitive risk by disrupting hearing

and sleep.20

In spite of the biologically plausible links of exposure to AD risk,

only a handful of epidemiologic studies have investigated community

noise and AD-related outcomes21–24 and none has been set in the

United States. The absence of U.S. studies may be important given

that, by one rough estimate, more than 100 million persons in 2013

experienced annual noise levels exceeding the U.S. Environmental

Protection Agency (EPA) limit (LEQ(24)) of 70 A-weighted decibels

(dBA), placing them at risk for noise-induced hearing loss.25 Millions

more Americans were likely exposed to the lower noise levels asso-

ciated with non-auditory health outcomes, such as those potentially

relevant to ADRD risk. Notably, community noise is modifiable at

both population and individual levels via governmental actions and

technological innovations.

We used a novel fine-scale spatial model26 of community noise

developed for the Chicago area to predict long-term residential com-

munity noise levels among participants of the Chicago Health and

Aging Project (CHAP), a population-based, longitudinal cohort study of

cognitive aging in older adults.We then evaluated the relation of these

noise levels with prevalentmild cognitive impairment (MCI) and AD, as

well as cognitive performance and rate of cognitive decline.

2 METHODS

2.1 Study population

CHAP is a longitudinal study of residents, 65 years old and older, liv-

ing in four adjacent neighborhoods on the south side of Chicago, IL,

USA.27,28 From 1993 to 1996, CHAP recruited an original cohort of

6157 participants (79% of all age-eligible persons, established by com-

munity census); 4644 newly age-eligible participants were recruited in

successive cohorts, for a total study population of 10,802 participants.

Until 2003, participants were drawn from three contiguous neighbor-

hoods. Starting in2003,CHAPalso recruitedparticipants froma fourth

adjoining neighborhood. Altogether, the study area is≈15 squaremiles

with participants living throughout.

CHAP participants underwent triennial in-home assessments dur-

ing which they completed questionnaires and underwent evaluation of

their cognitive function; 89% of all survivors, on average, completed

follow-up visits subsequent to their baseline evaluations. We limited

RESEARCH INCONTEXT

Systematic review: The authors reviewed the literature

indexed on PubMed. Exposure to community noise adversely

affects learning in children and is associated with cardiovas-

cular disease. Several recent studies have evaluated commu-

nity noise exposure in relation to dementia and related out-

comes; nonewas in theUnited States. These relevant studies

are appropriately cited.

Interpretation: In a large USmetropolitan area, we observed

that higher levels of noise were associated with a higher

prevalence ofMCI and AD andworse cognitive performance

after adjustment for other environmental and personal risk

factors. Our findings were fairly consistent with findings of

previous studies in which participants were exposed to simi-

lar levels of community noise. Nonetheless, the small number

of studies make it challenging to draw definitive conclusions.

Future directions: In light of the evidence amassed thus far,

new research can address our understanding of the role

of noise in dementia etiology by (a) using outcome assess-

ments that minimize differential misclassification according

to noise exposure, and (b) evaluating different dimensions

of exposure, including time of day and indoor and outdoor

sources.

our analyses to those participants with cognitive assessments that

occurred after January 1, 1999 (N = 8245) when our environmental

exposure estimates aremost reliable.

CHAP was approved by the institutional review board of Rush Uni-

versity Medical Center, and all participants provided written informed

consent. This use of CHAPdatawas also reviewed and approved by the

institutional review board at the University ofMichigan.

2.2 Assessment of exposure to noise

We estimated each participant’s long-term noise exposure using a uni-

versal krigingmodel developed for theChicago area. Briefly, thismodel

was derived from 5-minute grab samples of A-weighted noise (the

important frequencies for human hearing), collected at 136 unique

locations. These samples were collected during daytime, non–rush

hour periods between 2006 and 2007.26 Using geographic covariates

such as land use and proximity to roadways, bus stops, and trains, as

well as the observed spatial correlation structure for the area, wewere

able to predict noise levels at any location with an R2 of 0.7 using 10-

fold cross-validation. Using original held-out values as well as a new

external dataset collected 10 years later, we found an approximate

mean absolute error (MAE) of our model of 3 dBA.

With this model, we first predicted noise levels at each participant’s

residential address using geographic covariates.We thenweighted our
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predictednoise levels according to their 5-year residential historyprior

to each interview, accounting for relocation in the 19% of those who

moved (including moves to a nursing home) during the course of the

study. Estimates of noise from this model tracked closely with noise

annoyance from nearly 500 individuals living in the region. Further-

more, replicate sampling in the CHAP neighborhoods in 2016 demon-

strated high stability in the spatial distribution of noise levels over

time (Pearson correlation for samples at the same locations 10 years

apart= 0.8).

2.3 Assessment of cognitive function

During their home interviews, all participants underwent a brief cog-

nitive assessment that generated four test scores for functions that

typically decline with AD. The Symbol Digit Modalities Test29 mea-

sures perceptual speed, a component of executive function; the East

Boston Memory Test30 generates measures of both immediate and

delayed episodic memory (two separate scores); and the Mini-Mental

State Examination31 measures several cognitive functions, including

orientation, memory, language, and visual construction. For each of

the four test scores, we transformed the raw scores to z-scores based

on the mean and standard deviation of each baseline score. We then

constructed three cognitive measures, all scaled to the standard nor-

mal distribution to facilitate comparisons across tests. The first, a

global cognition score, was created by first averaging the z-scores

from all four tests into a composite z-score and then converting the

resulting score to standard normal, using the baseline composite z-

score’s mean and standard deviation.32–34 This conversion was nec-

essary, because the average of several correlated z-scores does not

have a standard deviation of 1. The second, the episodicmemory score,

was the average of the z-scores from the two components of the

East Boston Memory Test, which we further transformed to standard

normal as done for the global score. The third measure, the percep-

tual speed score, was the z-score from the Symbol Digit Modalities

Test.

2.4 Assessment of MCI and AD

As previously described,27,28,34–36 samples of surviving participants

who were AD free in the previous cycle were randomly selected for

clinical evaluation of incident AD in cycles 2 to 6 within strata of age,

race, sex, and change in cognitive function from the previous home

interview. A team of clinicians led by a neurologist conducted these

evaluations, which included a structured medical history, neurologic

examination, and a battery of 21 cognitive tests, 11 of which encom-

passed five domains of function.28 All clinical examiners were blinded

to the cognitive scores used for stratification.Diagnosis of AD followed

the criteria of the National Institute of Neurological and Communica-

tive Disorders and Stroke-Alzheimer’s Disease and Related Disorders

Association.37 Also classified as AD cases were personswhomet these

AD criteria and may have had another condition impairing cognition.

Nearly all dementia cases diagnosed in CHAP (93%) met clinical crite-

ria for AD alone or ADmixedwith another dementia.

Constraining our dementia assessments to thosewhowere not only

in this subsample but also had their assessments in 1999 onward (for

compatibility with our environmental exposure estimates) limited the

number of participants contributing data to our analyses of MCI and

dementia. To circumvent this constraint, we used a previously devel-

oped multinomial model to classify each CHAP participant at each

visit—whether in the subsample—a probability of having probable AD,

MCI, or no cognitive impairment.38 These scores were developed from

the subsample of participantswho underwent additional clinical evalu-

ations to diagnose dementia andMCI. The likelihood scores provided a

diagnostic accuracy of 0.92 (95% confidence interval [CI], 0.88 to 0.95)

for AD and 0.89 (95%CI, 0.82 to 0.94) forMCI.

2.5 Covariate data

At their in-home interviews, participants provided information on their

date of birth, sex, race, education, household income, alcohol intake,

smoking status, and physical activity. Interviewers also asked partici-

pants about their social connections and interactions; we used these

data to form social engagement and network scores.39 Apolipoprotein

E (APOE) genotype was measured using the hME Sequenom MassAR-

RAY platform.

We also generated area-level covariates for each participant includ-

ing neighborhood socioeconomic status (SES), neighborhood disorder

scores, and traffic-related air pollution. Neighborhood SES was calcu-

lated using a previously published method40,41 that uses U.S. census

block data (eg, median housing value, percentage with managerial

occupation) to calculate area socioeconomic scores. Neighborhood

disorder42 was measured using participants’ perceptions of safety and

neighborhood neglect (eg, vandalism, poor sidewalks, broken curbs).

Finally, we used ambient outdoor concentration of nitrogen oxides

(NOx) at the participant’s residential location from a spatiotemporal

model43,44 developed for the Multi Ethnic Study of Atherosclerosis as

ameasure of exposure to traffic-related air pollution.

2.6 Statistical analyses

To estimate the prevalence odds ratios (ORs) of MCI and AD

across community noise levels, we used a multinomial logistic regres-

sion model fit with the multgee package in R for correlated nom-

inal outcomes.45 Our primary associations of interest were the

multivariable-adjusted MCI and AD prevalence ORs per 10-dBA of

noise. We also compared baseline cognitive performance and longitu-

dinal rate of cognitive decline by levels of residential noise using lin-

ear mixed effects regression models, with random intercepts for each

participant, using age as the timemetric.We fitted separatemodels for

each of the three cognitive scores. The results of interest from these

models were the multivariable-adjusted mean difference in baseline

cognitive score, as estimated by the regression coefficient for noise,
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TABLE 1 Characteristics
a
of participants at baseline, by quartile of exposure to community noise

Quartile of noise level

All

Lowest

(51.1-54.4 dBA)

Second

(54.4-55.4 dBA)

Third

(55.4-57.0 dBA)

Highest

(57.0-78 dBA)

N= 5227 N= 1306 N= 1307 N= 1307 N= 1307

Follow-up time (years) 4.1 (3.6) 4.1 (3.7) 4.0 (3.6) 4.2 (3.6) 4.0 (3.7)

Number of cognitive assessments 2.3 (1.1) 2.3 (1.2) 2.3 (1.1) 2.3 (1.1) 2.3 (1.1)

Age (years) 73.7 (6.9) 73.1 (6.5) 73.4 (7.0) 74.1 (7.4) 74.1 (6.8)

Male 38% 38% 40% 38% 36%

Race/ethnicity

Black 63% 70% 59% 54% 68%

Non-HispanicWhite 36% 29% 40% 45% 31%

HispanicWhite and other

race/ethnicity

1.4% 0.6% 0.7% 1.4% 1.9%

Education (years) 12.8 (3.3) 12.7 (3.2) 12.8 (3.3) 13.1 (3.5) 12.6 (3.4)

Neighborhood SES score, SD units
b

–0.4 (3.3) –0.6 (2.9) 0.0 (3.4) 0.3 (3.4) –1.2 (3.2)

Personal income

Low (<$14,999/year) 21% 20% 21% 19% 24%

Medium ($15,000-$29,999/year) 36% 38% 35% 33% 36%

High (>$30,000/year) 40% 39% 41% 44% 37%

Missing 3% 3% 3% 3% 3%

Social engagement score
c

2.4 (1.7) 2.4 (1.7) 2.4 (1.7) 2.4 (1.7) 2.3 (1.6)

Social network score
c

7.1 (6.1) 6.9 (5.6) 7.3 (6.5) 7.3 (6.5) 6.9 (5.8)

Smoking status

Never 46% 46% 44% 48% 47%

Current 12% 13% 14% 11% 12%

Former 42% 41% 42% 42% 41%

Alcohol consumption

Low (0 g alcohol/day) 66% 70% 63% 61% 70%

Moderate (>0 g alcohol/day,<2

drinks/day)

6% 5% 6% 8% 5%

High (>0 g alcohol/day,≥2

drinks/day)

28% 25% 31% 32% 26%

Physical activity (hours/week) 2.9 (4.6) 2.7 (4.3) 3.1 (5.0) 3.0 (4.7) 2.7 (4.3)

Bodymass index (kg/m2) 28.5 (6.1) 28.6 (6.0) 28.6 (6.4) 28.4 (6.2) 28.5 (5.8)

Environmental pollutant exposures

Noise, dBA 56.2 (2.9) 53.5 (0.7) 54.9 (0.3) 56.1 (0.4) 60.4 (2.6)

NOx, ppb 40.8 (7.5) 41.8 (6.7) 40.1 (7.1) 39.1 (7.5) 42.2 (8.3)

Outcomes

Global cognition score 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) -0.1 (1.0)

Episodic memory score 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) -0.1 (1.0)

Perceptual speed score 0.0 (1.0) 0.0 (0.9) 0.1 (1.0) 0.1 (1.0) -0.1 (1.0)

AD likely 11% 9% 10% 12% 12%

MCI likely 30% 30% 29% 29% 32%

Abbreviations:AD,Alzheimer’s diseasedementia; dBA,A-weighteddecibels;MCI,mild cognitive impairment;NOx, oxidesof nitrogen; SD, standarddeviation;

SES, socioeconomic status.
a
Values shown aremeans (standard deviation) or percentages.

b
Higher score reflects higher socioeconomic status.

c
Higher scores reflect more social engagement and larger social networks.
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TABLE 2 Adjusted
a
association of community noise level with the

odds of prevalentMCI and AD

Outcome

Prevalence odds ratio (95%CI) of outcome

per 10-dBA increment in noise level

AD 1.29 (1.08, 1.55)

MCI 1.36 (1.15, 1.62)

Abbreviations: AD, Alzheimer’s disease dementia; CI, confidence interval;

dBA, A-weighted decibels; MCI, mild cognitive impairment; SES, socioeco-

nomic status.
a
Adjusted for calendar time, baseline age, age at exam, sex, race/ethnicity,

income, education, neighborhood SES, smoking, alcohol use, and air pollu-

tion (NOX).

and themean difference in rate of change in cognitive score, estimated

by the regression coefficient for the cross-product of age and noise.

We adjusted all models for calendar time, age at assessment,

sex, race/ethnicity (Black, non-Hispanic White, other race/ethnicity),

household income (<$14,999; $15,000 to 29,999; >$30,000; miss-

ing), years of educational attainment, neighborhoodSES,NOX, smoking

(current, former, never), and alcohol intake (high, moderate, none). For

cognitive performance, all variables were included as main effects and

interactions with assessment age with the exception of smoking and

alcohol use as these were only associated with baseline cognitive per-

formance but not cognitive decline. We visually assessed the linearity

of all associations with cognitive performance using penalized splines

in R. Based on those results, we modeled age at the assessment as a

piecewise linear spline with a knot at age 75 years (which included cor-

responding cross-products with noise). With this model, we estimated

effects on change in cognitive score specific to assessment age <75

and ≥75 years. We used SAS 9.4 (Cary, North Carolina, USA) and R

(gamm4package46) for ourmodeling and report all associationsper10-

dBA increment in noise level.

2.7 Sensitive subpopulations

We examined whether associations with noise varied by the follow-

ing individual- and area-level factors that could convey susceptibility

to noise: baseline age (<75 vs ≥75 years), race/ethnicity (Black vs non-

HispanicWhite),APOE ɛ4allele carriership (any vs none), and tertiles of
both neighborhood SES and disorder.

2.8 Sensitivity analyses

We assessed the sensitivity of our results to several sources of poten-

tial bias. To address potential bias from post-baseline selective attri-

tion, we re-analyzed the data using inverse probability-of-continuation

weights.47 We also explored: whether our results were robust to fur-

ther adjustment for social engagement and network, chronic diseases

(hypertension, heart disease, and cancer), physical activity, and base-

line age; averaging exposure over the year (rather than 5 years) prior to

interview; and restriction to those who never moved.

3 RESULTS

We predicted residential noise levels for 7909 participants, of

whom 5227 had complete data on outcomes and covariates. This

resulted in 11,928 cognitive assessments for our analysis. Esti-

mated levels of noise in the study area varied considerably with

participant-specific levels ranging from 51.1 to 78.2 dBA, with a

mean of 56.2 dBA (standard deviation, 2.9 dBA). Compared with

participants who experienced lower noise levels, those in the high-

est quartile of noise tended to have fewer years of education

and lived in households with lower incomes (Table 1). Neigh-

borhoods with lower SES also had higher noise levels. Of note,

NOX levels were not strongly correlated with noise in our region

(r= 0.08).

3.1 Probability of MCI and AD

In unadjusted comparisons, the crude likelihood of AD was slightly

higher with progressively greater quartiles of noise (Table 1). After

adjustment for potential sources of confounding, community noisewas

associated with higher odds of both prevalent MCI and AD (Table 2).

Specifically, a 10-dBA increment in noise exposure corresponded to a

36% higher odds of MCI (95% CI: 1.15, 1.62) and a 29% higher odds of

AD (95%CI: 1.08, 1.55).

3.2 Cognitive performance and decline

Participants in the highest residential noise quartile had slightly

lower cognitive scores at baseline (Table 1). After adjustment for

potential confounders (Table 3), we found that a 10-dBA increment

in noise was associated with a 0.04 standard deviation (SD) unit

lower global cognition score (95% CI –0.11 to 0.03). Underlying this

association was the pronounced inverse association of noise with

perceptual speed score (–0.09 SD per 10 dBA, 95% CI: –0.16 to

–0.03). These associations were similar in magnitude to the difference

in scores between participants who were 2 (perceptual speed) and

0.5 (global cognition) years apart in age at baseline. By contrast,

there was little association of noise exposure with episodic mem-

ory performance (0.005 per 10 dBA; 95% CI: –0.08, 0.10). Noise

exposure was also not consistently associated with rate of cognitive

decline.

3.3 Sensitive subpopulations

Associations of noise with higher odds of AD and poorer cognition

were most pronounced among participants living in neighborhoods

with more neighborhood disorder and lower socioeconomic position

(Figure 1). There were no substantial differences in association across

levels of other factors.
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TABLE 3 Adjusted
a
association of community noise level with baseline and rate of change in cognitive performance

Mean difference (95%CI) per 10-dBA increment in noise level

Rate of change, SD units per year

Performance at baseline, SD

units

Age< 75 years

at examination

Age≥ 75 years

at examination

Cognitivemeasure

Global cognition −0.04 (−0.11, 0.04) 0.01 (−0.01, 0.02) 0.00 (−0.04, 0.04)

Episodic memory 0.01 (−0.08, 0.10) 0.02 (0.002, 0.04) 0.00 (−0.04, 0.05)

Perceptual speed −0.09 (−0.16,−0.03) 0.00 (−0.02, 0.01) 0.00 (−0.03, 0.04)

Abbreviations: dBA, A-weighted decibels; CI, confidence interval; NOx, oxides of nitrogen; SD, standard deviation; SES, socioeconomic status.
a
Adjusted for calendar time, baseline age, age at exam, sex, race, income, education, neighborhood SES, smoking, alcohol use, and air pollution (NOx). Rate of

change stratified by age at time of examination.

F IGURE 1 Association of community noise level with prevalent mild cognitive impairment and Alzheimer’s disease and baseline cognitive
performance, by personal and neighborhood factors

3.4 Sensitivity analyses

All associations were robust to further adjustment for social networks,

social engagement, and physical activity. Associations were similarly

robust to different averaging times for noise levels and restriction to

those who did not move (Figure S1 in supporting information). With

adjustment for post-baseline attrition bias with inverse probability-

of-continuation weights, most associations with cognitive change over

time shifted slightly downward (becoming less positive, more negative,

or shifting from positive to negative), although they remained small

in magnitude and imprecise. Associations with prevalent MCI and AD

were not changedwith adjustment for attrition.

4 DISCUSSION

In this first U.S.-based study of its kind, higher long-term exposure

to community noise was associated with higher odds of MCI and

AD as well as worse cognitive performance—specifically, perceptual

speed—in older adults. These associations were observed across a

range of noise levels that are typical in the United States, rang-

ing from a quiet suburb to noisier urban settings near large auto-

motive expressways. These associations were also independent of

several measures of socioeconomic status and exposure to traffic-

related air pollution, which was only weakly associated with noise

exposure.
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Although it has been well documented that children exposed to

community noise are at heightened risk for developmental delays and

deficits in learning and cognitive performance,20 data pertaining to

noise and cognitive risk in older adults is sparse. In this study, we found

a strong association between noise and perceptual speed, whereby the

decrement in performance corresponding to a 10-dBA higher noise

level was similar to the decrement in performance corresponding to

being 2 years older at baseline. These findings add to those from the

Heinz Nixdorf Recall Study, a cohort of German adults who were 45 to

75 years at baseline. In that investigation, researchers compared cog-

nitive outcomes per 10-dBA increment in noise above thresholds of

60 dBA (for weighted 24-hour mean noise level [LDEN]) and 55 dBA

(for nighttime noise). Their results suggested that participants with

higher baseline exposure to community noise during the day and at

night tended to haveworse cognitive performance 5 years later on sev-

eral tests of cognition.21 Unlike in our study, however, their estimates

were somewhat attenuatedwith adjustment for long-termexposure to

fine particulatematter, which itself was adversely associatedwith cog-

nitive performance.

In another investigation from the Heinz Nixdorf cohort, higher

suprathreshold noise exposure was also associated with higher risk

of MCI22 with a magnitude almost identical to that which we found

in CHAP, although exposures in the Heinz Nixdorf cohort were trun-

cated at 60dB. Toour knowledge, only twoother studies have reported

on the relation of noise to dementia risk. Among London-area adults

(50 to 79 years) with clinical data in the Clinical Practice Research

Datalink, higher exposure to nighttime noise was associated with ele-

vated dementia risk over the subsequent 9 years.23 The association

was small inmagnitude and appeared to be limited to those in the high-

est quintile of exposure (hazard ratio=1.09, 95%CI: 0.95 to 1.25, com-

paring >53.8 dB vs 49.4 dB or lower). In another study set in Umeå,

Sweden, community exposure to noise ≥55 dB (versus <55 dB) was

not associatedwith dementia risk, with orwithout adjustment forNOX

exposure.24

One challenge faced by the London and Sweden studies was their

reliance on community medical care information on dementia status.

Dementia classification based solely on medical records or health

insurance claims, in contrast to regular uniform assessments of all per-

sons, is highly prone tomisclassification, even in settingswith universal

health insurance.48,49 Furthermore, variation in the interval from

symptom onset to diagnosis can also introduce differential measure-

ment error. For example, one study found that the time to diagnosis

was shorter among those with more formal education.48 Although

little is known about whether dementia misclassification varies by

noise exposure, small variations in specificity across exposure level can

lead to substantial bias in effect estimates.50 Another possible issue is

that the adverse effects of community noise on cognition and risks of

MCI and dementia may be most observable at moderate to high levels.

A noise-dementia association in the London study was notably absent

except among those with exposures in the highest nighttime noise

quintile (53.8 to 75.1 dB [I. Carey, personal communication, September

2, 2019]). In the Swedish study, where no association was observed,

<10% of participants in the Swedish study had exposures ≥55 dB and

<2% (29) had exposures ≥60 dB, whereas our study and the Heinz

Nixdorf Recall cohort both had maximum exposures of about 80 dBA

and observed similar associations with noise.

Our study involved repeated uniform measures of cognition as

opposed to administrative records. We also had detailed information

on potential confounders including individual and neighborhood

socioeconomic factors, as well as traffic-related air pollution. In

addition, our exposure assessment was unique for research set in the

United States, where quality assessments of community noise levels

have been rare. Nonetheless, this study is not without limitations.

First, we based our noise estimates on daytimemeasurements. Though

nighttime noise may be important because it disrupts sleep, our model

predictions track well with overall self-reported noise annoyance

in this region.51 In addition, LDen and LNight appeared to be highly

correlated in other areas such as in theHeinz Nixdorf Recall Study.52 A

second potential limitation of this work is that our classification ofMCI

and AD relied on likelihood scores rather than comprehensive clinical

evaluation of every participant. However, these scores were validated

against uniform clinical evaluations of a subsample of participants,

and using them nearly tripled the available sample size. Our study also

evaluated prevalent rather than incident MCI and AD. Considering

that prevalence increases with higher incidence and longer survival,

our prevalence odds ratios should be a qualitative reflection of the

incidence ratios so long as noise does not shorten survival. If noise

exposure did shorten survival among those with MCI or AD then

our prevalence odds ratios would underestimate the influence of

noise on incidence. Finally, in light of the adverse associations we

observed between noise exposure and cognitive performance as well

as prevalent MCI and AD, it was somewhat unexpected to observe

little association with cognitive decline, an outcome that more directly

reflects the disease process of neurodegeneration. The duration of

follow-up may have been insufficient to capture an effect on cognitive

decline, the effects of noise on cognition may have persisted from an

earlier period, or the effects may be acute but not progressive.

The estimated associations of noise with the outcomes in our study

did not vary substantially by exposure to air pollution, specifically

NOX. By contrast, in the Heinz Nixdorf Recall cohort, weighted 24-

hour mean noise level (LDEN) was inversely associated with global

cognitive performance among participants with above-median but

not below-median exposure to air pollution, especially fine and coarse

fraction particulate matter.53 Effect modification was not reported

in other studies. “Mechanistic interactions” between noise and air

pollution exposure are of etiologic and policy interest. Nonetheless,

apart from the limited statistical power of these interactions, other

challenges make it difficult to compare interaction estimates across

studies. Heterogeneity across study populations in terms of exposure

ranges, exposures assessed, and co-exposures could yield different

interaction estimates, even if all estimates are unbiased.54

In conclusion, higher long-term exposure to community noise was

associated with higher prevalence of MCI and AD and worse cogni-

tive performance, especially perceptual speed. This association was

detected in a diverse, urban, U.S.-based population of older adults with

noise exposures that are likely to be consistent with exposure levels in
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otherU.S. metropolitan areas.25 Therefore, if noise exposure does con-

tribute to dementia risk—a question that warrants continued investi-

gation, particularly in U.S. settings—its abatement may be a means for

reducing the population burden of dementia.
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