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Abstract

Background—Recently, it has been suggested that environmental exposures from traffic sources 

including noise may play a role in cognitive impairment in the elderly. The objective of the 

study was to investigate the association between local traffic-related noise pollution and incident 

dementia or cognitive impairment without dementia (CIND) during a 10-year follow-up period.

Methods—1,612 Mexican–American participants from the Sacramento Area Latino Study on 

Aging (SALSA) were followed every 12–15 months via home visits from 1998 to 2007. We used 

the SoundPLAN software package to estimate noise originating from local traffic with the input 

of Annual Average Daily Traffic (AADT) data from Metropolitan Planning Organizations (MPO) 

based on geocoded residential addresses at baseline (1998–99). We estimated the risks of incident 

dementia or CIND from 24-hour and nighttime noise exposure using Cox proportional hazard 

models.

Results—During the follow-up, we identified 159 incident dementia or CIND cases in total. Per 

11.6 dB (interquartile range width, IQRw) increase in 24-hour noise, the hazard of developing 

dementia or CIND increased (HR = 1.2 [1.0, 1.5]) during follow-up; estimates were slightly 
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lower (HR = 1.2 [0.95, 1.5]) when adjusting for modeled local air pollution exposure from traffic 

sources. Overall, the risk of dementia/CIND was elevated when 24-hour and nighttime noise were 

higher than 75dB and 65dB respectively.

Conclusions—In our study, traffic-related noise exposure was associated with increased risk of 

dementia or CIND in elderly Mexican–Americans. Future studies taking into account other noise 

sources and occupational noise exposure before retirement are needed.
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INTRODUCTION

Cognitive impairment is a major concern for older adults due to its relationship with 

morbidity and mortality. It also reduces health related quality of life and increases caregiver 

burden. In societies with increasing life expectancy and aging populations, preventing these 

outcomes becomes ever more urgent1. According to the Alzheimer’s Association in 2018, 

~5.7 million people are living with dementia in the United States (US), and by 2060 it 

projects that the prevalence of Alzheimer disease (AD) will reach 13.9 million2. Possible or 

established risk factors for cognitive impairment include age, family history, apolipoprotein 

E (APOE) ε4, cardiovascular disease, diabetes, hypertension, and lifestyle factors such as 

smoking and alcohol consumption3.

Recently, studies have indicated that environmental exposures including air pollution from 

traffic sources are consistently associated not only with cardiovascular and respiratory 

diseases and all-cause mortality4,5, but also with cognitive impairment6. Most epidemiologic 

studies focused on investigating the association between air pollution and cognition 

function; however, the role of noise in relation to cognitive impairment is far less studied. 

Those studies that examined the influence of noise exposures mostly measured short-term 

effects, or used cross-sectional or case–control study designs6. To our knowledge, there 

are to date three longitudinal studies, in Switzerland7, France,8 and England,9 investigating 

traffic-related noise exposure but none of them has explored the influence of long-term noise 

exposure on the incidence of dementia or CIND in Mexican–Americans, a fast-growing and 

vulnerable segment of the US elderly population.

The objective of our study was to investigate whether residential-based traffic-related noise 

exposure at baseline increases the risks of dementia or CIND in older Mexican–Americans 

over 10 years of follow-up.

METHODS

All procedures described here were approved by the Institutional Review Boards of the 

University of California San Francisco, Los Angeles, and Davis, University of North 

Carolina, and the University of Michigan.
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Study Population

We relied on data from the Sacramento Area Latino Study on Aging (SALSA), a prospective 

cohort study of older Mexican–Americans that was originally designed to evaluate the 

effects of metabolic and cardiovascular risk factors for dementia and cognitive decline. 

Participants were eligible if (i) they were 60 years of age or older, (ii) resided in the 

six counties of the California Sacramento Valley (Sacramento, Yolo, Sutter, Solano, Yuba, 

and Placer counties), and (iii) self-identified as Mexican (78.4%), Latino (6%), Hispanic 

(10.8%), Anglo (1.6%), Chicano (1.16%) or other (1.8%). Of those eligible and contacted, 

83.5% agreed to be in the study. 1789 participants were recruited from 1998 to 1999 and 

interviewed at their homes; they were re-contacted every 12–15 months for up to seven 

study visits, ending in December 2007. Between home visits, a 10-minute phone call was 

made every 6 months to update contact information, health status, and change in medication 

information. The average annual attrition rate from mortality and loss to follow-up was 2.6% 

and 2.3% respectively. The average length of follow-up was 6.5 years and the maximum 

was 10 years10. All participants provided written informed consent. Those who (1) did not 

participate in the interview at baseline (n=3), (2) lived too far away from traffic sources to 

generate noise measures (n=3), (3) already had CIND or dementia at baseline (n=114), (4) 

did not have a follow-up visit (n=57) were excluded, leaving 1,612 participants in total for 

this analysis (Figure 1).

Outcome Measurement

We administered two cognitive screening tests - the Modified Mini–Mental State 

Examination (3MSE) and a delayed word recall trial from the Spanish English 

Verbal Learning Test (SEVLT) – to each patient at baseline and follow-up visits. A 

geriatrician referred the participants for a neuropsychological test battery and a standard 

neuropsychological examination (Informant Questionnaire on Cognitive Decline in the 

Elderly) if their scores (1) were below the 20th percentile at baseline on the 3MSE or 

SEVLT, or (2) had decreased ≥ 8 points on the 3MSE or ≥ 3 points on the SEVLT 

between baseline and follow-up. These cases were reviewed by a team of neurologists and 

neuropsychologist and given a diagnosis of “cognitively normal,” “cognitively impaired 

but not dementia (CIND),” or “dementia” according to standard diagnostic criteria. 

Those diagnosed with dementia or CIND were also referred for a magnetic resonance 

imaging (MRI) examination11. Detailed procedures for dementia and CIND screening and 

classification are described elsewhere10. In this study, all-cause dementia and CIND were 

combined into one outcome, including incident dementia or CIND cases and those who were 

CIND at baseline and converted to dementia during the follow-up, to capture both cognitive 

decline prior to dementia and dementia to improve our statistical power.

Noise Exposure Assessment

We used the SoundPLAN (Version 8.0, NAVCON, Fullerton, CA, USA) software package 

to estimate ambient noise exposure levels during the baseline year based on AADT data 

we received from the local MPO. We implemented the noise prediction model ─ Federal 

Highway Administration (FHWA) Traffic Noise Model - in SoundPLAN. Each subject’s 

geocoded residential address at baseline was used as the receiver point, and the TNM 
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algorithm estimated the noise levels with the following information - speed of the vehicles, 

counts of different types of vehicles, ground classification (soft vs. hard ground), and 

distance from receptor points to the roadway 12. More information about the Traffic Noise 

Model has been detailed elsewhere13,14. We calculated average diurnal traffic patterns using 

hourly traffic counts we obtained from the State Department of Transportation (DOT) in 

2002; we also used these to adjust the MPO AADT values to generate hour-of-day specific 

traffic counts at each receptor point. We estimated the A-weighted measure (which is the 

most common weighting applied to noise measurements in order to account for differences 

in sensitivity of human sound perception at specific frequencies15) day–night average (Ldn) 

and nighttime (22:00–07:00, Leq,n) sound levels for each participant’s residence. We added 

a constant penalty of 10dB for noise during the nighttime to allow for a potentially higher 

sensitivity to noise during nighttime hours, as has been done previously 16.

Only roadway traffic was considered a source of noise in our study. Also, we only 

counted the FHWA classified light- and heavy-duty vehicles and assumed that the average 

vehicle speed was 55 miles per hour when we generated noise estimates. We generated 

noise exposure metrics as 24-hour averages (A-weighted) and nighttime averages (22:00–

07:00). We treated noise exposure estimates as both continuous and binary variables ( 24­

hour average noise: < 65 dB, ≥ 65 dB; nighttime noise: <55 dB, ≥55 dB) following 

recommendations by the World Health Organization community noise guidelines (2009) 

comparable to noise studies conducted in the US and European countries12,17. Alternatively, 

we used a four-category scale according to (rounded) quartile values to generate categorical 

noise metrics.

Covariates

Considering that the noise exposure we modeled originates from traffic only, we addressed 

potential confounding by co-exposure to traffic-related air pollution. Estimates for traffic­

related nitrogen oxides (NOx) were generated based on participants’ residential addresses 

at baseline using the California Line Source Dispersion Model version 4 (CALINE4)18–20, 

with traffic volume data from the California DOT in 2002 and meteorology data from the 

California Air Resources Board Air Quality and Meteorological Information System (https://

www.arb.ca.gov/aqmis2/metselect.php). Details have been described elsewhere21.

During cohort recruitment, we collected demographic information such as birthplace 

(Mexico, US, or other), years of education, and occupation held longest during the lifetime 

(non-manual labor, manual labor, or other). At each interview, participants also reported 

information regarding smoking, alcohol drinking, physical activity, medical diagnoses 

including cardiovascular diseases and stroke, and medication use. An indicator for urban 

or rural residential location was generated relying on Census tract 2000 information22. 

Neighborhood socioeconomic status (neighborhood SES) is represented as a score ranging 

from 1 to 5 (low‒high neighborhood SES) depending on six census (2000) estimates: 

percentage of (1) individuals aged 25+ years without a high school diploma, (2) individuals 

under the poverty limit, (3) individuals aged 16+ who had been in the workforce at one 

time but are unemployed, (4) households owning their home, (5) vacant housing units, 

and (6) median number of rooms in a household23. We evaluated physical activity level 
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according to time spent performing 18 different activities that older adults commonly engage 

in during a regular week24. We created a modified Charlson index to indicate comorbidity 

at baseline by assigning a point each for a history of certain medical diagnoses including 

myocardial infarction, congestive heart failure, stroke, liver disease, diabetes, renal disease, 

any malignancy, and leukemia or lymphoma; we then generated an index score by summing 

across these items25.

Statistical Methods

We used Cox proportional hazards regression models with calendar time as the underlying 

time scale to assess the impact of noise exposures on incident dementia or CIND. 

Participants were censored at their last date of contact if they missed follow-up examinations 

or at their time of death if they died before the end of 2007.

Ambient noise exposure was entered into Cox regression models as a continuous variable 

normalized by its interquartile range width (IQRw). We also repeated these models with 

dichtomized and a quartile-based scale for noise exposures, and stratified on a series of risk 

factors to further explore the association between noise exposure and dementia or CIND. 

We selected covariates for adjustment based on the prior literature mostly for air pollution 

but also noise exposures and cognitive function6. We also adjusted for NSES and residential 

county in the models, considering that our noise estimates are primarily varying spatially. 

When examining the impacts of noise eposures on dementia/CIND, we first adjusted for 

baseline age, gender and years of education, and then added, occupation, smoking, alcohol 

consumption, physical activity level, NSES and residential location; as an additional step, 

we co-adjusted traffic-related NOx. We also investigated associations between noise and air 

pollution exposures and all-cause mortality as it is widely accepted that air pollution affects 

mortality (eAppendix). Finally, we also used competing risk models considering death as a 

competing risk when estimating effects between noise and dementia or CIND26. We used 

SAS 9.4 (SAS Institute Inc., Cary, NC, USA) for Cox regression analyses.

RESULTS

The average age of SALSA participants at baseline was 70 years; 42% were men. 

Approximately 60% reported having held a manual labor job during most of their life. 87% 

lived in an urban area and more than 70% in Sacramento County. At baseline, about one­

third of participants already had received a diagnosis of cardiovascular disease or diabetes, 

two-thirds had hypertension and ~8% reported a stroke. Around 20% of these elderly 

participants were considered physically active, while about 12% were current smokers and 

less than 10% were daily alcohol drinkers. Compared with those who did not develop 

dementia or CIND during active follow-up, participants who incurred adverse events were 

older and less educated, more often manual laborers, had experienced stroke or diabetes. 

and had a higher Charlson score at baseline (Table 1). Participants who were exposed to 

higher 24-hour (≥ 65 dB) or nighttime noise levels (≥ 55 dB) were more likely to live in an 

urban area and higher neighborhood SES areas (eTable 1). The annual average 24-hour and 

nighttime noise exposure levels ranged from 39 – 100 dB and 31 – 92 dB, with mean values 

of 68 and 60 dB respectively; these two noise measures were highly correlated (Pearson r = 
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0.99). The average estimated NOx exposure level was 2.6 ppb, and the correlation with noise 

exposures was 0.43 (eTable 2).

We identified a total of 159 incident dementia or CIND cases were identified from 1998 

to 2007. For 24-hour noise exposure, the hazard ratio of developing dementia or CIND 

adjusting for personal characteristics and lifestyle factors was increased (per 12 dB increase, 

HR = 1.2 [1.0, 1.5]). In the model with both traffic-related exposures, the noise effect 

estimate was slightly attenuated (HR = 1.2 [0.95, 1.5]) when we further adjusted for traffic­

related NOx. Further inclusion of baseline cognitive function or primary language used did 

not change results (Table 2 and eTable3). Relying on nighttime noise only generated the 

same results likely due to the perfect correlation between modeled 24-hour and nighttime 

noise exposures. Using cut-off thresholds, high 24-hour (≥ 65 dB) and nighttime (≥ 55 

dB) noise exposures were also positively associated with incident dementia or CIND, but 

the 95% CIs were wider (eTable 4). Overall, the risk of incident dementia or CIND was 

positively associated with increasing noise exposure (eFigure1). The risk of dementia or 

CIND increased with each (rounded) noise quartile and was highest when 24-hour and 

nighttime noise were higher than 75dB or and 65 dB respectively (Figure 2).

In the stratified analyses, higher traffic-related exposures were consistently and positively 

associated with the occurrence of dementia/CIND in almost all categories; however, the 

number of events and subjects per stratum were much smaller and the confidence intervals 

were wider (Table 3 and eTable 5). The associations of noise exposure with dementia/CIND 

were similar but slightly decreased with wider 95% CI in the competing risk model (eTable 

6).

DISCUSSION

Worldwide, a growing elderly population combined with strong urbanization trends fostering 

noise exposure from traffic sources raises concerns that noise may have adverse effects on 

chronic neurodegenerative diseases27–30. In this study of older Mexican–American residents 

living in the California Sacramento Valley, noise exposures were positively associated with 

incidence of dementia or CIND even after adjusting for a host of other risk factors including 

traffic-related air pollution.

Associations between noise exposure and cardio-metabolic diseases have been reported 

in previous epidemiologic studies31–33, but investigations of noise effects on cognitive 

outcomes are still rare. A small cross-sectional study in Italy observed differences in logical 

reasoning (Raven’s progressive matrices 1938 [Raven PM38]: t = 3.2, p < 0.01; arithmetic 

reasoning: t = 2.30, p = 0.02) between noise-exposed traffic police officers (n=39) and 

noise-unexposed office employees (n= 42) but not in their attention abilities, or state and 

trait anxiety34. A much larger cross-sectional study conducted within the Heinz Nixdorf 

Recall study in Germany consisting of 4,086 participants aged 50–80 years reported that for 

each 10 A-weighted decibel [dB(A)] increase in traffic noise modeled at the participants’ 

residence the risk of mild cognitive impairment (MCI) (odds ratio [OR] = 1.4 [1.0, 1.9]) 

as well as amnestic MCI (aMCI) (OR = 1.5 [1.1, 2.2]) increased 35. Most recently, a 

longitudinal cohort study in England of 130,978 adults aged 50–79 years observed a small 
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positive association between incident dementia and traffic nighttime noise at the postcode 

level (HR = 1.0 [1.0, 1.1] per 2.7 dB increase in nighttime noise)9. Other studies of noise did 

not find any associations7,8,36,37, which might be explained by differences in study designs, 

methods of measuring noise exposure or sources of noise investigated (i.e. occupational­

related noise), the time-frame for which noise was estimated (i.e. only nighttime), or how 

cognitive function was assessed6.

Although the evidence from epidemiologic studies is still inconsistent, animal studies have 

linked noise exposure to decreased cognitive performance. Experimental studies indicated 

that noise is acting as a stressor that can influence brain structures such as reducing the brain 

volume in the medial prefrontal cortex (mPFC) area or cortical thickness in the hippocampus 

and amygdala area, which are essential components of the neural circuitry mediating stress 

responses38,39. Noise stressors could cause the amygdala to activate stress pathways in the 

hypothalamus and brainstem, followed by elevated release of noradrenaline and dopamine, 

and consequently lead to dysregulation of the prefrontal cortex responsible for cognitive 

abilities such as executive function40–42. Furthermore, noise might affect insulin resistance 

and endothelial dysfunction via activation of the hypothalamic–pituitary–adrenal (HPA) 

axis43–46 that influences corticosterone and adrenocorticotropic hormone secretion followed 

by metabolic dysregulation33,47–49 and cognition damage. A recent study reported increased 

catechol-O-methyltransferase (COMT) gene DNA methylation in the medulla oblongata of 

rats exposed to environmental noise (70–75 dB) for three days during nighttime and in 

the inferior colliculus after long-term exposure (70–75 dB for 21 days during nighttime). 

COMT serves as a key enzyme for the inactivation of prefrontal dopamine and is closely 

related to stress response and cognition. This experiment suggests one possible pathway 

through which noise exposure may influence cognitive function i.e. by modulating stress­

responses50.

When we stratified on several risk factors, the risk of having dementia or CIND seemed 

higher among those who held non-manual jobs and those who lived in high neighborhood 

SES areas; however, individuals within the same occupation or neighborhood SES category 

might still differ according to personal23 and lifestyle characteristics (eTable7 and eTable8). 

Moreover, stratification reduces the numbers of events and subjects considerably resulting 

in much wider confidence intervals such that it is hard to draw firm conclusions from these 

analyses.

The SALSA study is one of few studies focusing on brain health in older Mexican–

Americans and other Hispanics10, and also one of few studies in North America exploring 

the long-term effect of noise on cognitive impairment. We estimated noise exposure 

at baseline residential addresses geocoded employing Global Positioning System (GPS) 

readings at the door step (performed during home visits), which guarantees high geo­

location quality. During follow-up visits, incident dementia or CIND was diagnosed after 

repeated cognitive function testing and further confirmed by imaging examination (MRI), 

i.e. we did not have to rely on self-reports or records, thus ensuring a high accuracy of the 

dementia or CIND diagnosis in SALSA.
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There are nevertheless several limitations. First, we did not have lifetime residential 

histories for the cohort participants, nor information regarding bedroom orientation, window 

insulation, or habits of opening windows or using noise protective equipment such as 

earplugs51, all of which may have contributed to measurement error for noise exposures. 

However, participants had on average lived at their baseline residence for 22 years, and 

90% remained in California throughout the study period with only 339 changing addresses 

between baseline and last follow-up visit. In our study, altogether 221 participants changed 

their addresses before the dementia or CIND events or last follow-up occurred, and among 

them only 96 moved out of the county. Excluding these participants did not change 

the results more than minimally (eTable9). Thus, the observed results suggested that 

the baseline address-based noise measurements are appropriate surrogates for long-term 

exposure. Additionally, study participants were mostly retired and consequently are expected 

to be at home during the day. Since our noise exposure was residential address-based, 

exposure misclassification should be expected to be smaller than in a working population. 

While the difference between ambient and personal-level exposure owing to individual 

behavior would be expected to cause exposure misclassification at the individual level, 

estimates of noise exposure at residences can be considered instrumental variables for 

personal exposures. That is, personal exposure is the common descendant of ambient 

exposure and individual behaviors, while individual behaviors are unlikely to influence 

ambient exposure52; therefore our results are less likely to be affected by confounding 

from personal behaviors. Additionally, we also have adjusted for personal demographic, 

lifestyle factors, health status, neighborhood SES and type of residential location related 

to personal health behaviors and brain health, but residual confounding can never be ruled 

out completely. Selection bias resulting from loss of follow-up was minimal in our study 

because the percentage of subjects lost to follow-up was 2.3% per year. Furthermore, 

environmental exposures and cognitive impairment status were not reported by the subjects 

themselves, making the differential loss-to-follow-up unlikely. Additionally, noise exposure 

is commonly considered to be highly related to traffic-related air pollution since they 

both originate from traffic and occur in time and space simultaneously, therefore, we also 

adjusted for air pollution. Although the 95% CIs became wider with such adjustments, 

the associations between noise and dementia or CIND remained similar, indicating an 

independent association of noise exposure with these conditions9. Our results for all-cause 

mortality and air pollution are consistent with what we would expect according to the 

literature, thus corroborating the validity of our exposure measures (eTable10 and eTable11). 

Lastly, we only took into account continuous roadway traffic as the source of residential 

noise exposures, we did not assess stop-and-go traffic, noise from the airport or railways, or 

occupational noise exposure before retirement, which likely contributed to non-differential 

exposure misclassification. Also, our noise model applied the same percentages for vehicle 

types (light or heavy) for daytime and nighttime to all roadways since we did not have 

sufficient information to model diurnal fluctuations. Thus, our 24-hour and nighttime noise 

estimates are by design highly correlated. Future noise studies taking into account diurnal 

traffic changes, additional major sources of noise as well as details about occupational 

exposures are needed.
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Our findings among older Mexican–Americans are consistent with the hypothesis that noise 

exposure elevates the risk of cognitive impairment and affects brain health. Future studies 

taking into account other noise sources and occupational noise exposure before retirement - 

possibly using a life-course approach - are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of study population, Sacramento Area Latino Study on Aging (SALSA), 1998–

2008. Abbreviations: CIND, cognitive impaired without dementia.
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Figure 2. 
Effect estimates (and 95% confidence intervals) from adjusted Cox models for annual 

average of 24-hour (A) or nighttime noise (B) exposure at a quartile-based scale levels 

and the risk of dementia/CIND. A: 24-hour noise level was divided into 4 categories 

(<65 dB, 65–70 dB, 70–75 dB, and ≥ 75 dB) according to (rounded) quartile values. 

The reference group included those with 24-hour average noise exposure <65 dB. B: 

Nighttime noise level was divided into 4 categories (<55 dB, 55–60 dB, 60–65 dB, and 

≥65 dB), according to (rounded) quartile values. The reference group included those with 

nighttime noise exposure <55 dB. Models were adjusted for baseline age, gender, years 

of education, occupation during most of life, smoking status, alcohol consumption status, 

physical activity, neighborhood socioeconomic status indicator, residential county, traffic­

related air pollution. CIND, cognitive impairment without dementia; dB, decibels. The 

dashed lines display the 95% confidence intervals.
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Table 1.

Characteristics of the participants used for incidence analyses at baseline, Sacramento Area Latino Study of 

Aging, 1998–2007.

Total Dementia or CIND incidence

Characteristics (n=1612) Event (n=159) Non-event (n=1453)

Baseline Age, years, mean (SD) 70 (6.8) 75 (7.8) 70 (6.5)

Male, N(%) 680 (42) 58 (37) 622 (43)

Years of Education, years, mean (SD) 7.4 (5.3) 5.8 (5.2) 7.6 (5.3)

Sacramento County Residence, N(%) 1255 (78) 118 (74) 1137 (78)

Urban Residence, N(%) 1400 (87) 136 (86) 1264 (87)

Birth Country, N(%)

  Mexico 721 (45) 76 (48) 645 (45)

  United States 797 (50) 75 (47) 722 (50)

  Others (i.e. Central or South America) 88 (6) 8 (5) 80 (6)

Occupation Held During Most of Lifetime, N(%)

  Non-Manual 346 (22) 14 (9) 332 (23)

  Manual 960 (61) 104 (67) 856 (60)

  Other (Housewives and Unemployed) 282 (18) 38 (24) 244 (17)

Neighborhood Socio-economic Status (NSES), N(%)

  Lowest (NSES = 1) 544 (34) 64 (40) 480 (33)

  Lower-middle/middle (NSES = 2 or 3) 912 (57) 80 (50) 832 (57)

  High-middle/high (NSES = 4 or 5) 156 (10) 15 (9) 141 (10)

Baseline Smoking Status, N(%)

  Never/Non-Smoker 735 (46) 75 (47) 660 (46)

  Former Smoker 681 (42) 64 (40) 617 (43)

  Current Smoker 189 (11) 20 (17) 169 (12)

Baseline Alcohol Status, N(%)

  Frequent (Daily) Drinker 146 (9) 8 (5) 138 (10)

  Moderate (Weekly) Drinker 172 (11) 11 (6) 161 (11)

  Occasional (Monthly) Drinker 158 (10) 12 (8) 146 (10)

  Yearly/Rarely/Never Drinker 1125 (70) 128 (81) 997 (69)

Baseline Physically Active, N(%) 341 (21) 27 (19) 314 (22)

Baseline Self-reported Cardiovascular Disease, N(%) 574 (36) 70 (44) 504 (35)

Baseline Self-reported Stroke, N(%) 126 (8) 26 (16) 100 (7)

Baseline Hypertension, N(%) 1093 (68) 115 (72) 978 (67)

Baseline Diabetes, N(%) 513 (32) 71 (45) 442 (31)

Baseline Charlson Index, mean (SD) 0.9 (1.2) 1.1 (1.2) 0.9 (1.2)

Baseline BMI, mean (SD) 30 (6.0) 29 (5.2) 30 (6.1)

Traffic-related NOx, ppb, mean (SD) 2.6 (2.2) 2.7 (2.3) 2.6 (2.5)

24hr Average Noise, dB, mean (SD) 69 (8.9) 70 (8.9) 68 (8.9)

Nighttime (10PM - 7AM) Noise, dB, mean (SD) 60 (8.9) 62 (8.9) 60 (8.9)

Note: CIND, cognitive impairment without dementia; dB, decibels; ppb, part per billion; BMI, body mass index; NOx, nitrogen oxides.
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Table 2.

Effect estimates (and 95% CIs) from Cox models for 24-hour average noise exposure (per 11.6 dB increase) 

and the risk of incident dementia or CIND.

Noise in single exposure model Noise exposure additionally adjusted for traffic-related NOx

Models HR (95% CI) HR (95% CI)

Model 1
a 1.2 (0.98, 1.5) 1.2 (0.93, 1.5)

Model 2
b 1.3 (1.0, 1.6) 1.2 (0.97, 1.6)

Note: CIND, cognitive impairment without dementia; NOx, nitrogen oxides; dB, decibels; HR, hazard ratio; 95% CI, 95% confidence interval. For 
the noise exposure, we used 11.6 dB increase as the unit to estimate effects.

a.
Adjusted for baseline age, gender, years of education.

b.
Adjusted for baseline age, gender, years of education, occupation during most of life, smoking status, alcohol consumption status, physical 

activity level, neighborhood socioeconomic status indicator, residential county, baseline Charlson index, baseline cognition function and primary 
language.
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Table 3.

Effect estimates (and 95% CIs) from Cox models
a
 for 24-hour average noise exposure (per 11.6 dB increase) 

and the risk of incident dementia or CIND, stratified by other major risk factors.

N
(Total=1612)

Number of cases
(Total = 159) HR (95% CI)

Age

 60–80 1454 114 1.2 (0.95 −1.6)

 >=80 143 44 1.4 (0.86 −2.1)

Gender

 Male 680 58 1.2 (0.87 −1.7)

 Female 932 101 1.3 (0.97 −1.7)

Occupation held during most of life

 Non-Manual 346 14 1.6 (0.78 −3.1)

 Manual 960 104 1.2 (0.91 −1.5)

 Other (Housewives and Unemployed) 282 38 1.4 (0.87 −2.2)

Smoking Status

 Never 735 75 1.1 (0.79 −1.5)

 Former 681 64 1.4 (0.98 −1.9)

 Current 189 20 1.3 (0.69–2.3)

Neighborhood Socio-Economic Status (NSES)

 Lowest (NSES =1) 544 64 1.2 (0.83–1.6)

 Lower-middle/middle (NSES =2 or 3) 912 80 1.2 (0.86 −1.6)

 High-middle/high (NSES =4 or 5) 156 15 1.9 (0.89 −4.1)

Comorbidity

 No comorbidity (Charlson Index = 0) 819 56 1.3 (0.92 −1.9)

 Comorbidity (Charlson Index > 0) 787 103 1.2 (0.90 −1.5)

County

 Sacramento 1255 118 1.3 (0.98 −1.6)

 Non-Sacramento 357 41 1.1 (0.70 −1.6)

Living in Urban or Rural Area

 Urban 1400 136 1.2 (0.98 −1.6)

 Rural 212 23 1.1 (0.63 −1.9)

Note: CIND, cognitive impairment without dementia; dB, decibels; HR, hazard ratio; 95% CI, 95% confidence interval. For the noise exposure, we 
used 11.6 dB increase as the unit to estimate effects.

a.
Adjusted for baseline age, gender, years of education, neighborhood socioeconomic status indicator, occupation during most of life, residential 

county, smoking status, alcohol consumption status, physical activity level.
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