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Metabolic dysfunction modifies the influence of
traffic-related air pollution and noise exposure on
late-life dementia and cognitive impairment

A cohort study of older Mexican-Americans

Yu Yu?, Mary Haan®, Kimberly C. Paul?, Elizabeth Rose Mayeda?, Michael Jerrett®, Jun Wud, Eunice Lee®,
Jason Sue, I-Fan Shih® Kosuke Inoue?, Beate R Ritza<

Background: Cognitive impairment has been linked to traffic-related air pollution and noise exposure as well as to metabolic \
syndrome or some of its individual components. Here, we investigate whether the presence of metabolic dysfunction modifies asso-
ciations between air pollution or noise exposures and incident dementia or cognitive impairment without dementia (CIND).
Methods: For 1,612 elderly Mexican-American participants of the Sacramento Area Latino Study on Aging (SALSA) followed for up to
10 years, we estimated residential-based local traffic-related exposures relying on the California Line Source Dispersion Model version
4 (CALINE4) for nitrogen oxides (NOx) and the SoundPLAN software package (Version 8.0; NAVCON, Fullerton, CA) that implements
the Federal Highway Administration Traffic Noise Model (TNM) for noise, respectively. We used Cox proportional hazard models to
estimate the joint effects of NOx or noise exposures and obesity, hyperglycemia, or low high-density lipoprotein (HDL) cholesterol.
Results: The risk of developing dementia/CIND among participants with hyperglycemia who also were exposed to high levels of
NOx (=3.44 parts per billion [ppb] [75th percentile]) or noise (=65 dB) was 2.4 (1.4, 4.0) and 2.2 (1.7, 3.9), respectively. For par-
ticipants with low HDL-cholesterol, the estimated hazard ratios for dementia/CIND were 2.5 (1.4, 4.3) and 1.8 (1.0, 3.0) for those
also exposed to high levels of NOx (>3.44 ppb) or noise (>65 dB), respectively, compared with those without metabolic dysfunction
exposed to low traffic-related air pollution or noise levels.

Conclusions: Exposure to traffic-related air pollution or noise most strongly increases the risk of dementia/CIND among older

Mexican-Americans living in California who also exhibit hyperglycemia or low HDL-cholesterol.
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Introduction

Air pollution is a complex mixture of toxic compounds from
different sources. Exposure to air pollution has been linked
to endothelial dysfunction, microvasculature damage, and
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atherosclerosis in both clinical and animal experiments.! There
is growing epidemiologic evidence that both short- and long-
term exposures to ambient air pollutants, namely nitrogen
dioxides (NO,), particular matter (PM, ), and ozone (O,), may
increase the risk of neurodegenerative disease including cog-
nitive impairment.>® Recently, concerns have been raised that
noise exposure—also originating from traffic—may result in
cardiovascular diseases”® and cognitive impairment.>*’
Metabolic syndrome describes a cluster of reversible patho-
physiologic conditions including insulin resistance, obesity,
dyslipidemia, and hypertension that are widely recognized in
clinical practice and research for their potential to increase risk
of chronic diseases including cardiovascular and neurodegenera-
tive diseases'*'? and late-life cognitive impairment.'* Accurately
capturing the complex temporal aspects of blood pressure or
triglyceride changes in older age participants when assessing

What this study adds

There is substantial evidence that metabolic dysfunction and
emerging evidence that traffic-related air pollution and noise
exposures are threats to brain health. However, we know lit-
tle about the joint action of these factors. In a cohort of older
Mexican-Americans, we found that traffic-related air pollution
or noise exposure strongly increase the risk of dementia or cog-
nitive impairment without dementia among those who were
hyperglycemic or had low high-density lipoprotein cholesterol.
Thus, multiple risk factors may come together to exacerbate the
risk of cognitive decline in elderly minority populations and, as
there are currently no treatments for dementia available, pre-
ventative measures are needed.
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their influence on cognitive impairment has been shown to be
important in previous studies.'*!”

Mexican-Americans, especially those age 60 years or older,
have a particularly high prevalence of obesity'® and diabetes!?!
and are also among the most highly environmentally exposed
populations in California, including to traffic-related air pol-
lution and noise.?> Thus far, very few studies investigated the
influence of noise exposures on cognition function, and to our
knowledge, no study has examined whether metabolic dysfunc-
tion contributes to the associations between noise exposure
and cognition function, that is, increases their vulnerability for
cognitive decline. The Sacramento Area Latino Study on Aging
(SALSA) cohort offers the opportunity to examine this hypoth-
esis in a longitudinal cohort that enrolled and followed elderly
Mexican-Americans.

Methods
Study population

All procedures described here were approved by the Institutional
Review Boards of University of California San Francisco,
Los Angeles, and Davis, University of North Carolina, and
University of Michigan.

We are using data from the Sacramento Area Latino Study
on Aging (SALSA), a prospective population-based cohort study
of older Mexican-Americans living in the Sacramento Area of
California (1998-2007). A total of 1,789 participants were
originally recruited. Participants were enrolled if they were 60
years or older, resided in the California Sacramento Valley, and
self-identified as Latino; they were followed with interviews and
exams at their homes every 12-15 months for up to seven visits,
and every 6 months, they were contacted in a 10-minute phone
call to update contact information, health status, and medica-
tion information between home visits. More information about
the sampling process has been detailed elsewhere.* In this study,
those who (1) did not participate in the interview at baseline
(n = 3), (2) lived too far away from traffic sources to generate
air pollution or noise measures (n = 3), (3) already had demen-
tia/cognitive impairment without dementia (CIND) at baseline
(n = 114), and (4) did not have any follow-up visit (n = 57) were
excluded, leaving 1,612 participants in total as our baseline
sample. For analysis purposes, we further excluded those who
at baseline did not have information on high-density lipoprotein
(HDL) levels, obesity, or hyperglycemia (Figure).

Exposure assessment

All air pollution and noise exposure levels were estimated based
on participants’ geocoded residential addresses at baseline.
Because the spatial pattern of traffic in the Sacramento area
did not change much during the study period, and the average
duration of participants’ living at the baseline address was 22
years with more than 80% not changing their addresses during
the study period, we expect our exposure measures to serve as
good indicators for exposures due to long-term traffic patterns
around each participants’ residence, that is, the decades before
and the decade of follow-up.

Estimation of traffic-related nitrogen oxides

Details about the generation of traffic-related nitrogen oxides
(NOx) exposure measures for SALSA have been provided else-
where.?* In brief, traffic-related NOx was estimated by the
California Line Source Dispersion Model version 4 (CALINE4),
which captures local traffic emissions within 1,500 meters of a
participant’s baseline address using traffic volume data in 2002
from the California Department of Transportation (DOT), while
taking into account meteorological influences such as wind
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speed and direction, mixing height, and temperature. The emis-
sion factors were obtained from the California Air Resources
Board (CARB)’s EMFAC2011 model.”> Meteorological data
were obtained from the CARB Air Quality and Meteorological
Information System.?*

Estimation of traffic-related noise

The creation of traffic-related noise exposure in SALSA has also
been detailed elsewhere.?* Briefly, noise exposure was assessed
using the SoundPLAN (Version 8.0; NAVCON, Fullerton,
CA) software package that implemented the Federal Highway
Administration Traffic Noise Model (TNM) for noise predic-
tion—based on input of Annual Average Daily Traffic (AADT)
data from the local Metropolitan Planning Organizations
(MPOs). The TNM incorporates vehicle speed, distance between
receiver (geocoded residential address of study subjects) and
roadway, ground classification (soft vs. hard),”” and counts of
different types of vehicles. Continuous roadway traffic was
considered the only source for our noise estimates. The 2002
State DOT hourly traffic counts were used to generate average
diurnal patterns and to adjust the MPO AADT values to hour-
of-day specific traffic counts for each noise receptor location,
to account for differences in noise exposure depending on the
time of day.?®

Metabolic dysfunction

As SALSA participants were, on average, already 70 years
old at enrollment, we are only assessing the influence of three
metabolic dysfunction indicators here, that is, obesity, hyper-
glycemia, and low high-density lipoprotein (HDL) cholesterol.
These three metabolic dysfunction components were defined
according to the Third Adult Treatment Panel of the National
Cholesterol Education Program (NCEP ATP III)?° as (1) obe-
sity: waist circumference of >40 inches in men or >335 inches in
women; (2) hyperglycemia: fasting glucose >100mg/dl or use
of glucose-lowering medications; and (3) low HDL-cholesterol:
HDL-cholesterol <40mg/dl in men or <50 mg/dl in women or
use of statins.

Dementia and CIND

The main outcome of interest is incident dementia/CIND.
Cognition function was first evaluated with two cognitive
screening tests (Modified Mini-Mental State Examination
[3MSE] and Spanish English Verbal Learning Test [SEVLT])
administered to each participant at baseline and again during
each follow-up visit. Participants were referred for a neuro-
psychological test battery and a standard neuropsychological
examination (Informant Questionnaire on Cognitive Decline in
the Elderly) by a geriatrician if their scores (1) on the 3MSE or
SEVLT were below the 20th percentile at baseline or (2) had
decreased >8 points on 3MSE or >3 points on SEVLT compared
with baseline. A team of neurologists and a neuropsychologist
reviewed and classified them as cognitively normal, dementia,
or CIND, according to standard diagnostic criteria. Those diag-
nosed with CIND or dementia were also referred for a magnetic
resonance imaging (MRI) examination (details have been pub-
lished elsewhere).?® For the following analyses, all-cause demen-
tia and CIND were combined to improve statistical power and
CIND captures the onset of cognitive decline before dementia.

Other covariates

Demographic information was collected during enrollment
including age, sex, birthplace (Mexico, United States, or other),
years of education, occupation held longest during the lifetime
(nonmanual, manual or other), household income (<1,000,
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Figure. Flow chart of the study population, SALSA, 1998-2007.

1,000-1,499, 1,500-1,999, 2,000-2,499, or 2,500 or more US
dollars/month), and residential county (Sacramento county or
others). At each interview, participants were asked about lifestyle
behaviors such as smoking (never/nonsmoker, former smoker, or
current smoker) and alcohol drinking (frequent [daily], mod-
erate [weekly], occasional [monthly], or yearly/rarely/never
drinker), medical diagnoses, and medication use. Participants’
standing height and weight were also measured to obtain the
body mass index (BMI; kg/m?). Depressive symptoms were eval-
uated using the Center for Epidemiologic Studies Depression
(CESD) scale (range 0-60). We derived a neighborhood socio-
economic status (NSES) indicator calculated as a score ranging
from 1 (low NSES) to 5 (high NSES), according to six census
block (2000) measures including the percentages of individu-
als 25+ years old without a high school diploma, population
living below the poverty line, individuals 16+ years old who at
one time had been in the workforce but are unemployed, house-
holds with ownership of their home, vacant housing units, and
the median number of rooms in a household.*® Physical activity
level was evaluated according to spending time on 18 different
activities in which older adults commonly engage in during a
regular week.?!

Statistical analysis

We employed Cox proportional hazards regression models with
calendar time as the time scale and calculated hazard ratios
(HRs) and 95% confidence intervals. Participants were censored
at their last date of contact if they did not return for a follow-up
examination or at their time of death if they died before the end
of 2007.

The influence of traffic-related NOx and noise with each
metabolic dysfunction (obesity, hyperglycemia, and low HDL-
cholesterol) on incident dementia/CIND were first explored
separately. We entered traffic-related NOx and noise exposure

into separate (single exposure) Cox regression models treating
them as continuous variables normalized by their respective
interquartile ranges (IQRs). For models with two-way interac-
tions between each metabolic dysfunction (present vs. absent)
and environmental exposures, we dichotomized NOx exposure
as low and high, comparing the first three to the last (4th) quar-
tile (<3.44 parts per billion [ppb] vs. 23.44 ppb) and the noise
exposure cut-point (<65 vs. 265 dB) was chosen according to
the World Health Organization community noise guidelines
(2009) and in studies from the United States and is comparable
to what previous studies from the United States and European
countries used to define high noise exposure.>** We explored
two-way interactions between NOx or noise exposure and obe-
sity, hyperglycemia, and low HDL-cholesterol, respectively. Age,
sex, education, occupation, household income level, smoking
and alcohol status, physical activity levels, NSES, and residen-
tial location were entered into all models as covariates. We also
calculated the relative excess risk due to interaction (RERI) to
evaluate interactions on an additive scale.?

As a secondary analysis, the estimated effect for traffic-re-
lated NOx or 24-hour noise exposure by presence/absence of
each metabolic dysfunction were similar; thus, we redefined
metabolic dysfunction in the following manner: two multi-level
categorical variables were generated for hyperglycemia and low
HDL-cholesterol status, respectively; the four categories were
(1) normal, (2) untreated, (3) treated and well-controlled, and
(4) treated but not well-controlled. Traffic-related NOx and
24-hour noise exposures were entered into Cox regression mod-
els as continuous variables normalized by their interquartile
ranges (IQRs), and an interaction term between the respective
exposure and the ordinal variable representing multiple cate-
gories for hyperglycemia or low HDL-cholesterol was also
included; the hazard ratios were calculated for developing inci-
dent dementia/CIND per IQR increase in NOx or noise expo-
sure for each category of metabolic dysfunction.
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In sensitivity analyses, we ignored medication information to
define metabolic dysfunction (Table S1; http://links.lww.com/
EE/A112) and also repeated two-way interaction analyses using
75 dB as cutoff points to define high noise exposure and also
contrasted the highest versus the two lower tertiles (<2.68 vs.
22.68 ppb) for traffic-related NOx exposure.

Statistical analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC).

Results

Participants with prevalent obesity, hyperglycemia, or low
HDL-cholesterol at baseline were of similar average age but had
less education, a lower household income and neighborhood
socioeconomic status than those unaffected. There were more
current smokers and moderate/frequent alcohol drinkers among
those without metabolic dysfunction. At baseline, females had
a higher prevalence of obesity, hyperglycemia, and low HDL-
cholesterol, while average exposure to traffic-NOx or to noise
was similar across all groups (Table 1). The distribution of air
pollutants and noise was described in Table S2 (http://links.Ilww.
com/EE/A112); traffic-related NOx and noise exposures were
moderately correlated with each other (Pearson r = 0.43).
Among 1,612 participants without dementia/CIND at base-
line, 159 developed dementia/CIND during follow-up. The
average length of follow-up time was 6.5 years, and the average
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annual attrition rate in SALSA was 5%. The risk of incident
dementia/CIND increased ~18% (HR = 1.2 [1.0, 1.4]) per 2.29
ppb increase in traffic-related NOx exposure and 23% (HR = 1.2
[1.0, 1.5]) for each 11.6 dB increase in the 24-hour noise level,
respectively (Table S3; http:/links.lww.com/EE/A112). As
expected, obesity, hyperglycemia, or low HDL-cholesterol were
positively associated with the risk of incident dementia/CIND,
respectively, although some of the 95% ClIs included the null
(Table S3; http://links.lww.com/EE/A112).

When examining the joint effects for each environmental
exposure and each metabolic dysfunction that affected CIND/
dementia, hazard ratios (HRs) for incident dementia/CIND
among participants exposed to high levels of traffic-related
NOx (23.44 ppb) who were obese or had hyperglycemia or low
HDL-cholesterol compared with those exposed to low level of
traffic-related NOx without the respective metabolic dysfunc-
tion were 1.7 (0.99, 3.0), 2.4 (1.41, 4.0), and 2.5 (1.4, 4.3),
respectively. For participants exposed to high 24-hour noise
(265 dB) levels and had hyperglycemia or low HDL-cholesterol,
the hazard ratios for incident dementia/CIND compared with
those exposed to low levels of noise and without the respective
metabolic dysfunction were 2.2 (1.3, 3.9) and 1.8 (1.0, 3.0),
respectively (Table 2). However, only the interaction of low
HDL-cholesterol and high traffic-related NOx was formally sta-
tistically significant and suggested superadditivity (RERI = 1.1
[0.03, 2.1]) (Table S4; http://links.lww.com/EE/A112). Results

Characteristics of the study population at baseline by metabolic dysfunction status?, SALSA, 1998-2007

Total Obesity Hyperglycemia Low HDL-cholesterol
(n=1,612) No (n=607) Yes (n =901) No (n = 840) Yes (n =772) No (n = 1,026) Yes (n = 586)

Characteristics; mean = SD/N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Baseline age (year); mean (SD) 70.2 (£6.8) 70.2 (£6.9) 70.0 (+6.6) 70.8 (£7.0) 69.7 (+6.5) 70.3 (£7.0) 70.1 (6.5)
Male 680 (42) 340 (56) 287 2) 338 (40) 342 (44) 486 (47) 194 (33)
Education (year); mean (SD) 4 (£5.3) 8.0 (+5.4) +5.3) 7.3 (5.3 5 (+5.4) 7.6 (£5.3) 0 (+£5.4)
Sacramento county residence 1 255 (78) 485 (80) 694 7) 644 (77) 611 (79 787 (77) 468 (80)
Urban residence 1, 400 (87) 528 (87) 783 7) 728 (87) 672 87) 895 (87) 505 86)
NSES; mean (SD) 1(1.0) 2.1(1.0) 1.0) 2.1(1.0) 1(1.0) 2.1(1.0) 1(1.0)
Birth country

Mexico 721 (45) 269 (44) 399 (44) 400 (48) 321 (42) 462 (45) 259 (44)

United States 797 (50) 299 (49) 459 (51) 375 (45) 422 (55) 502 (49) 295 (50)

Others 88 (6) 39 (6) 43 (5) 59 (7) 29 (4) 56 (6) 32 (6)
Occupation held during most of the lifetime

Nonmanual 346 (22) 144 (24) 185 (21) 177 (22) 169 (22) 216 (22) 130 (22)

Manual 960 (61) 374 (63) 519 (58) 507 (62) 453 (59) 631 (63) 329 (57)

Other 282 (18) 80 (13) 189 (21) 141 (17) 141 (19) 159 (16) 123 (21)
Household income (US dollar/month)

<1,000 691 (44) 227 (38) 409 (46) 355 (43) 336 (44) 432 (43) 259 (45)

1,000-1,499 321 (20) 117 (20) 179 (20) 177 (22) 144 (19) 198 (20) 123 (21)

1,500-1,999 184 (12) 80 (13) 95 (11) 101 (12) 83 (11) 125(12) 59 (10)

2,000-2,499 154 (10) 68 (11) 85 (10) 81 (10) 73 (10) 92 (9) 62 (11)

2,500 or more 233 (15) 107 (18) 119 (13) 106 (13) 127 (17) 158 (16) 75 (13)
Baseline smoking status

Never/nonsmoker 735 (46) 256 (42) 435 (48) 401 (48) 334 (43) 470 (46) 265 (45)

Former smoker 681 (42 254 (42) 389 (43) 328 (39) 353 (46) 431 (42) 250 (43)

Current smoker 189 (12) 96 (16) 7 104 (13) 85 (11) 118 (12) 71(12)
Baseline alcohol status

Frequent drinker 146 (9) 76 (13) 58 (7) 90 (11) 56 (7) 124 (12) 22 (4

Moderate drinker 172 (11) 87 (14) 819 106 (13) 66 (9) 130 (13) 42 (7)

Occasional drinker 158 (10) 63 (10) 88 (10) 78 (9) 80 (10) 102 (10) 56 (10)

Yearly/rarely/never drinker 1,125 (70) 378 (63) 672 (75) 557 (67) 568 (74) 663 (65) 462 (79)
Baseline physically active 341 (21) 158 (26) 156 (17) 203 (24) 138 (18) 240 (23) 101 (17)
Baseline CESD; mean (SD) 9.8 (+10.4) 9(£9.9) 10.1 (+10.7) 9.5 (x10.3) 10.1 (+10.5) 9.4 (x10.1) 10.5 (+10.9)
Baseline BMI; mean (SD) 29.9 (+6.0) 26 2 (+4.1) 32.3 (+5.8) 28.5 (+5.6) 31.2 (+6.1) 29.4 (+6.1) 30.6 (¢5 7)
24-hour noise (dB); mean (SD) 68.5 (£8.9) 68.6 (+8.9) 68.4 (+8.9) 68.2 (+8.8) 68.7 (+9.0) 68.5 (+8.8) 68.4 (+9.0)
Traffic-related NOx (ppb); mean (SD) 2.6 (£2.2) 2.6 (£2.2) 2.6 (£2.1) 2.5 (x2.1) 2.7 (£2.2) 2.6 (2.2 2.5 (+2 1)

Definitions for metabolic dysfunction: (1) obesity: waist circumference of >40 inches in men and >35 inches in women; (2) hyperglycemia: fasting glucose >100 mg/dl or use of glucose-lowering medica-
tions; and (3) low HDL-cholesterol: men <40 mg/dl and women <50 mg/dl or use of statins.
dB indicates decibels.
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Joint effects? for traffic-related NOx (<3.44 vs. >3.44 ppb) or 24-hour noise (<65 vs. 265 dB) exposure and metabolic dysfunction on

incident dementia/CIND

Traffic-related NOx

24-hour noise

NOx <3.44 ppb NOx >3.44 ppb 24-hour noise <65 dB 24-hour noise >65 dB

Risk factor Case/total HR (95% ClI) Case/total HR 95% CI Case/total HR (95% Cl) Case/total HR (95% Cl)
Obesity®

No 38/463 Reference 13/144 1.3(0.67,2.6) 16/226 Reference 35/381 1.5(0.76,2.8)

Yes 69/678 1.1(0.72,1.8) 25/223 1.7(0.99, 3.0) 31/339 1.3(0.67,2.5) 63/562 1.7 (0.89, 3.1)
Hyperglycemia®

No 56/656 Reference 17/184 1.1(057,2.2) 23/325 Reference 50/515 1.4(0.75,2.4)

Yes 59/562 1.5(0.96, 2.3) 27/210 2.4(1.4,4.0) 27/273 1.7 (0.90, 3.1) 59/499 2.2(1.7,3.9
Low HDL-cholesterol’

No 72/759 Reference 22/267 1.0(0.58,1.8) 30/379 Reference 64/647 1.4(0.84,2.3)

Yes 43/459 1.1(0.71,1.7) 221127 2.5(1.4,4.3) 20/219 1.5(0.79,2.7) 45/367 1.8(1.0,3.0)

2All the models were adjusted with baseline age, sex, education, occupation held during most of the life, NSES, smoking status, alcohol status, residential county, physical activity and household income, and

baseline cognition function.

"Definitions for metabolic dysfunction: (1) obesity: waist circumference of >40 inches in men and >35 inches in women; (2) hyperglycemia: fasting glucose >100mg/dl or use of glucose-lowering medica-

tions; and (3) low HDL-cholesterol: men <40 mg/dl and women <50 mg/dl or use of statins.
95% Cl indicates 95% confidence interval, dB, decibels.

changed minimally when NOx and noise exposures were mutu-
ally adjusted for in the models. The joint effects for obesity,
hyperglycemia, or low HDL-cholesterol remained similar when
we used alternative cutoff thresholds for NOx and 24-hour
noise exposure (Table S5; http:/links.lww.com/EE/A112).
Analyses based on alternative definitions for hyperglycemia and
low HDL-cholesterol (Tables S6 and S7; http://links.lww.com/
EE/A112) also did not make a difference for our effect estimates.
Finally, we estimated that participants treated with glu-
cose-lowering medications who still had glucose levels 2126 mg/dl
were at highest risk (HR = 1.4 [1.0, 2.0]) of developing dementia/
CIND when exposed to traffic-related NOx, followed by those
with treated and well-controlled glucose levels (<126 mg/dl), then
those untreated with higher (2126 mg/dl) or borderline higher
glucose levels (100 mg/dl <fasting glucose level <126 mg/dl) and
finally those with normal glucose levels (Table 3). Also, the risk of
developing incident dementia/CIND when exposed to traffic-re-
lated NOx exposure was higher among those having low HDL-
cholesterol who were treated with medications (Table 4); however,
no difference was found in obese versus nonobese (obese: HR =
1.1 [0.9, 1.5]; nonobese: HR = 1.1 [0.8, 1.5] per 2.29 ppb increase
in traffic-related NOx exposure). For 24-hour noise exposure, no
difference in risk of dementia/CIND was found across levels of
hyperglycemia, low HDL-cholesterol, or obesity, respectively.

Effect estimates (and 95% Cls) from Cox models? for traffic-
related NOXx (per 2.29 ppb increase) and dementia/CIND,
according to hyperglycemia status

Traffic-related NOx,

per 2.29 ppb increase
Hyperglycemia status N No. cases HR (95% CI)
Normal glucose level 840 73 1.0(0.71,1.4)
Untreated but hyperglycemia® 440 39 1.2(0.88,1.7)
Treated and well-controlled 108 16 1.3(0.70,2.5)
Treated but not well-controlled® 220 31 1.4 (1.04,2.0)

2All the models were adjusted for baseline age, sex, education, occupation held during most of

the life, NSES, smoking status, alcohol status, residential county, physical activity and household
income, and baseline cognition function.

“Includes the untreated participants whose fasting glucose level were either >126 mg/dl or 100 mg/
dl <fasting glucose level <126 mg/dl.

‘Includes the treated participants whose fasting glucose level were either <100 mg/dl or 100 mg/dl
<fasting glucose level <126 mg/dl.

“Includes the treated participants whose fasting glucose level were >126 mg/dl.

95% Cl indicates 95% confidence interval.

Discussion

We found that high exposure to traffic-related air pollution or
noise among older Mexican-Americans with hyperglycemia,
low HDL-cholesterol, and obesity exacerbates the risk of devel-
oping incident dementia/CIND. We further observed that cohort
participants whose glucose levels were not well-controlled when
treated and similarly those who are obese or with low HDL-
cholesterol even when treated with statins were more likely to
develop incident dementia/CIND when exposed to high traf-
fic-related air pollution.

Air pollution, especially traffic-related air pollution, is a
growing global problem along with other detrimental aspects
of urbanization such as noise exposure; these exposures have
been connected with various chronic health outcomes including
adverse effects on cognition.*3*! Both experimental and ani-
mal studies have shown that air pollutants provoke oxidative
stress and systemic inflammatory responses, and can disrupt the
blood-brain barrier, precipitate f-amyloid and activate microg-
lia.*** Recently, concerns have been raised about the role that
traffic-related air pollution and noise exposures play in neuro-
degenerative diseases.* Possible mechanisms affected by noise
include sleep disturbance and stress, which in turn lead to an
activation of the autonomic nervous system and the hypotha-
lamic—pituitary—adrenal axis, that is, stress-responsive regula-
tory systems including those involved in insulin resistance.*’-°
Noise has also been shown to reduce brain volume in the medial
prefrontal cortex area and cortical thickness in the hippocampus

Effect estimates (and 95% Cls) from Cox models?® for traffic-
related NOx (per 2.29 ppb increase) and dementia/CIND,
according to low HDL-cholesterol status

Traffic-related NOx,

per 2.29 ppb increase
HDL-Cholesterol Status N No. cases HR (95% ClI)
Normal HDL-cholesterol level 1,026 94 1.0(0.8,1.4)
Untreated but low HDL-cholesterol 453 52 1.1(0.8,1.6)
Treated low HDL-cholesterol® 132 13 1.7(1.0,2.8)

Al models were adjusted for baseline age, sex, education, occupation held during most of the life,
NSES, smoking status, alcohol status, residential county, physical activity and household income,
and baseline cognition function.

*Includes treated participants whose HDL-cholesterol level were either >40 mg/dl or <40 mg/dl in
men and either =50 mg/dl or <50 mg/dl in women.

95% Cl indicates 95% confidence interval.


http://links.lww.com/EE/A112
http://links.lww.com/EE/A112
http://links.lww.com/EE/A112

Yu et al. e Environmental Epidemiology (2020) 6:e122

and amygdala in animal experiments,’*? along with elevated
level of noradrenaline and dopamine from the activation of
stress pathways in the hypothalamus and brainstem, followed by
prefrontal cortex dysregulation.’-5% Epidemiologic studies have
thus far provided some limited evidence for a link between air
pollution or noise exposure and cognitive impairment. A cohort
study (Ontario Population Health and Environment Cohort
[ONPHEC]) in Canada used the health records of 20,666,639
subjects and found that per 1.2 ppb increase in NO,, demen-
tia incidence increased by 10% (1.08, 1.12).>” The longitudinal
Betula study in Northern Sweden (1,806 participants) reported
a risk for incident dementia of 1.6 (1.0, 2.1) among those with
highest traffic-related NOx exposure (>26 pg/m?) compared to
those with the lowest exposure (4.8-9 pg/m?), and estimated a
hazard ratio of 1.1 (1.0, 1.1) per 10 pg/m? increase in NOx.¢ A
longitudinal cohort study in England reported a 2% increase in
risk of dementia per 2.68 dB increase in traffic-related nighttime
noise exposure.* A cross-sectional study in Germany of 4,086
participants 50-80 years old found that higher residential noise
from traffic (per 10 dB(A) increase) was positively associated
with mild cognitive impairment (MCI) (odds ratio [OR] = 1.4
[1.0, 1.9] and amnestic MCI: OR = 1.5 [1.1, 2.2]).°

Metabolic dysfunctions, including obesity, hyperglycemia,
and dyslipidemia, have widely been considered to play a role
in the development of dementia. Insulin resistance, one of the
key pathological features of metabolic syndrome, is closely
related to oxidative stress and inflammation and may induce
alterations in B-amyloid deposition or clearance, a pathological
mechanism considered important for dementia and cognitive
impairment.*®%¢ Evidence linking metabolic syndrome to decline
in cognitive performance is growing and includes structural
changes such as volume loss in the hippocampus and frontal
lobes, white matter alterations, and altered brain metabolism.’”*
Our findings agree with previous studies that reported on met-
abolic syndrome and cognition. The longitudinal Aging Study
Amsterdam (1,183 participants 65-88 years old) reported that
hyperglycemia was most strongly associated with decline in cog-
nition function.”” The population-based PROgnostic indicator
OF cardiovascular and cerebrovascular events study in France
(n = 895) observed a positive association between low HDL-
cholesterol (HDL-cholesterol <1.03 mmol/L in men or <1.29
mmol/L in women) and poor executive function (OR = 2.6
[1.7, 4.0]).%° In a substudy of the Longitudinal Older Veteran
(LOVE) study in Taiwan with 276 men 75 years old or older,
central obesity was positively associated with cognitive decline
(OR = 4.2 [1.3, 13.9]).51

We also investigated the roles of obesity, hyperglycemia, and
low HDL-cholesterol after accounting for treatment effects and
found that the risk of developing incident dementia/CIND when
exposed to traffic-related NOx exposure was higher among
those treated but with glucose levels that suggested their diabe-
tes was not well-controlled, and among those who were obese,
or those treated with statins who still had low HDL-cholesterol
levels. However, we did not see the same pattern with 24-hour
noise exposure, possible due to different pathophysiologic
mechanisms underlying air pollution (inflammation pathway)
and noise exposure (stress pathway)®? or alternatively due to
random measurement errors and small sample size. Since our
study is the first study to investigate the role that different meta-
bolic dysfunctions play for noise exposure and cognitive impair-
ment, further investigations are needed.

The SALSA study is a population-based longitudinal cohort
study with up to 10 years of follow-up and one of few studies
focusing on brain health in older Mexican-Americans. To our
knowledge, no study has thus far investigated the combined
effects of high levels of traffic-related air pollution and noise
exposure and several metabolic dysfunctions, and our study is
one of few investigating the modification of effect measures by
metabolic dysfunction on cognitive impairment and to account

Environmental Epidemiology

for treatment effects. For air pollution and noise, we derived
exposure estimates based on geocoded residential addresses
using Global Positioning System (GPS) readings performed at
home during visits. Thus, these measures have high geo-loca-
tion quality. Additionally, we employed the CALINE4 disper-
sion model—a well-validated model—to characterize pollutant
exposures from traffic sources in close proximity to homes. We
used anthropometric, biochemical measurements, and medica-
tion information to assess metabolic function and repeated cog-
nitive function testing and imaging (MRI) to diagnose incident
dementia/CIND, thus, guaranteeing high accuracy for metabolic
dysfunction and dementia/CIND diagnoses.

There are some limitations. First, because SALSA study is a
cohort of older Mexican-Americans with an average age of 70
years, we excluded hypertension from the metabolic disorders
we studied as the temporal relationship between hypertension
and dementia/cognitive impairment is complex and likely not
well characterized this late in life. Specifically, while positive
association between midlife hypertension and late-life dementia/
cognitive impairment are well established, many studies report
null or protective associations between late-life hypertension
and dementia/cognitive impairment,'*!'* possibly due to a loss
of cerebral autoregulation to maintain adequate blood flow
to the brain.%® As for hypertriglyceridemia, complex temporal
relationships were also reported in epidemiologic studies'®!”
such that triglyceride levels were seen to be increased before
amyloid beta accumulation, which starts 10-20 years before
symptom onset. It is also possible that low lipid levels could
be part of a prodromal stage of dementia/cognitive impairment
due to alterations in the energetic profile and studies with a high
baseline age of participants are not able to detect any mid-life
related harmful effect of high lipid levels.®* Similar as in previ-
ous studies, our study found no associations between baseline
hypertension (definition: blood pressure 2130/85 mmHg or use
of antihypertensive medication; HR = 0.88 [0.59, 1.3] or hyper-
triglyceridemia [definition: triglycerides >150mg/dl or use of
statins; HR = 0.78 (0.56, 1.1)]) and incident dementia/CIND.
Thus, since we lack health information for mid-life in SALSA,
we only evaluated the metabolic dysfunctions obesity, hyper-
glycemia, and low HDL-cholesterol. We also were unable to
estimate participants’ historical exposures to air pollution and
noise before enrollment in the study due to the lack of lifetime
residential addresses and of adequate air monitoring or traffic
density data before 1990. However, SALSA participants’ low
residential mobility suggests that by using baseline addresses,
we likely generated spatially distinct long-term exposure mea-
sures. Additionally, we only used 2002 traffic data to generate
our exposure estimates; however, traffic counts, meteorological
and emission factors are highly correlated across the years of
follow-up in the Sacramento area, and the traffic counts changes
likely only have had a minor influence on absolute exposure
estimates over the years; thus, we assume that relative exposure
levels based mainly on location of the residence remained the
same across time. Furthermore, we lack information about use
of protective measures including window insulation, bedroom
orientation (facing to street or not), and use of ear plugs, which
might contribute to exposure measurement error. As for NOx
exposure, our CALINE4 dispersion model only captures local
traffic emissions within 1,500 m of the residence, without tak-
ing into account background air pollution and emissions farther
away. Thus, while the estimated concentrations are very low,
they serve as a spatially dense proxy for local traffic pollution.
Noise exposure estimates only considered major roadway (free-
ways, highways, and major roads) traffic as a source and did not
include railway and airport noises or contributions from other
sources such as construction sites. Thus, overall noise exposures
are possibly underestimated for some participants. The environ-
mental exposures, metabolic syndrome, and cognitive impair-
ment status were not self-reported, making selection bias less
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likely. Last, residual confounding cannot be completely ruled
out even though we have adjusted for a number of important
covariates that are related to both exposures and dementia inci-
dence including demographic and lifestyle factors and NSES.

In conclusion, our study indicates that high levels of exposure
to traffic-related air pollution or noise among older Mexican-
Americans who are obese or suffer from hyperglycemia or low
HDL-cholesterol increases the risk of developing cognitive
impairment disproportionately. These findings provide some
evidence that metabolic dysfunction may not only act as a risk
factors for incident dementia/cognitive impairment but also
modifies the negative impacts of environmental exposures. Early
identification and treatment of people with metabolic dysfunc-
tion and interventions that reduce traffic-related exposures might
be needed to mitigate cognitive impairment in older adults.
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