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An assessment of the mediating role of
hypertension in the effect of long-term air

pollution exposure on dementia

Tanya E. Libby®2*, Sindana D. llango®?, Cindy S. Leary®P®, Erin O. Semmens®P, Claire E. Adam®,
Annette L. Fitzpatrick?¢, Joel D. Kaufman@®ade Anjum Hajat®?

Background: Growing evidence links air pollution exposure to the risk of dementia. We hypothesized that hypertension may partiaM
mediate this effect.

Methods: We previously documented an association between air pollution and dementia in the Ginkgo Evaluation of Memory
Study, a randomized, placebo-controlled trial of 3069 adults >75 years across four US sites who were evaluated for dementia every
6 months from 2000—-2008. We utilized a two-stage regression approach for causal mediation analysis to decompose the total effect
of air pollution on dementia into its natural direct and indirect effect through prevalent hypertension. Exposure to air pollution in the
10 or 20 years before enrollment was assigned using estimates from fine-scale spatial-temporal models for PM, ., PM, ,, and NO,,.
We used Poisson regression models for hypertension and Cox proportional hazard models for time-to-incident all-cause dementia,
adjusting for a priori confounders.

Results: Participants were free of mild cognitive impairment at baseline (n = 2564 included in analyses); 69% had prevalent hyper-
tension at baseline. During follow-up, 12% developed all-cause dementia (Alzheimer’s disease [AD] = 212; vascular dementia with
or without AD [VaD/AD mixed] = 97). We did not find an adverse effect of any air pollutant on hypertension. Hypertension was asso-
ciated with VaD/AD mixed (HR, 1.92 [95% Cl = 1.14, 3.24]) but not AD. We did not observe mediation through hypertension for the
effect of any pollutant on dementia outcomes.

Conclusions: The lack of mediated effect may be due to other mechanistic pathways and the minimal effect of air pollution on

hypertension in this cohort of older adults.
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Introduction

Dementia is a growing public health concern expected to affect
over 130 million people worldwide by 2050.! In the absence
of effective treatments, identification of modifiable risk fac-
tors is critical.> Recent reviews of the epidemiologic literature
demonstrate substantial evidence for the deleterious effect of
ambient air pollution exposure, including fine particulate mat-
ter, on the risk of dementia.’® The exact mechanisms through
which air pollution affects dementia outcomes remain unclear.
Potential intermediates on the pathway include cardiovascular
disease, stroke, and hypertension.® A better understanding of the
causal pathway between air pollution and dementia can provide
insights into the pathophysiology of the disease and inform clin-
ical decision-making and prevention strategies.

Air pollution is hypothesized to affect blood pressure (BP)
and hypertension through several mechanisms. Inhalation of
particulate matter (PM) can lead to an imbalance in the auto-
nomic nervous system and an increase in BP in a matter of min-
utes.” Prolonged exposure can induce oxidative stress, systemic
inflammation, and vasoconstriction, and lead to endothelial
injury and arterial remodeling.>! While studies have consis-
tently shown an adverse effect of particular matter (PM, ) and

What this study adds

While air pollution exposure has been associated with increased
blood pressure, and hypertension is an established risk factor for
dementia, our study is among the first to examine the mediating
role of hypertension in the effect of air pollution on dementia. We
did not find evidence that hypertension mediates the effect of long-
term air pollution exposure on the risk of dementia. Our findings
highlight the importance of accounting for the use of antihyperten-
sive medications and provide insights for future research.
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fine particulate matter (PM, ;) on BP in the short term,' the
evidence for longer-term air pollution exposure on hyperten-
sion has been somewhat mixed.!”'* A meta-analysis, which
included 57 studies published through August 2020, found that
long-term exposure to PM, ., PM, , and SO, but not NO, or
NO,, was associated with hypertension (prevalent or incident)
in pooled analyses, though there was high heterogeneity in
effect estimates among studies.'> When limited to cohort studies,
only PM, | remained statistically associated with hypertension.
Heterogeneity was attributed to study region, study quality, and
variability in exposure and outcome assessment.!?> Differences
in the prevalence of antihypertensive medication use and the
methods for accounting for medication use in analyses likely
impacted the observed effects.'

Hypertension is an important risk factor for both vascular
dementia (VaD) and Alzheimer’s disease (AD) dementia.'® Mid-life
and late-life hypertension have been associated with increased risk
of dementia.'”'® Potential mechanisms include acute cerebral isch-
emia, disruption of the blood-brain barrier, neuroinflammation,
and accelerated brain atrophy." In addition to direct neurological
impacts, hypertension can increase the risk of cardiovascular dis-
ease, which is also a risk factor for dementia. In the multi-ethnic
study of artherosclerosis (MESA), higher baseline systolic and dia-
stolic BP was associated with worse cognitive function measured
10 years later.?’ A meta-analysis of 12 clinical trials found the use of
antihypertensive medication was associated with a modest but sig-
nificant decrease in risk of dementia and cognitive decline.?! Given
the high prevalence of hypertension, effective screening and control
of hypertension could lead to important population-level reduc-
tions in dementia globally.

Few studies have quantified the mediating role of cardiovas-
cular disease events,?>»? stroke,”? and diabetes** in the associ-
ation between air pollution and dementia, and only one has
evaluated the role of hypertension,? despite previously estab-
lished mechanistic links. Identifying modifiable intermediaries,
such as BP, can help target public health resources to control
hypertension and possibly dementia outcomes. The objective of
our study was to examine the mediating role of hypertension
in the association between long-term air pollution exposure
(PM, ,, PM, , and NO,) and dementia risk in a cohort of 3069

older adults over up to 8 years of follow-up.?®

Methods

Study design and participants

We used data from the Ginkgo Evaluation of Memory Study
(GEMS), a randomized double-blind, placebo-controlled trial
that evaluated Gingko biloba for the prevention of dementia.
Detailed study procedures are published elsewhere.?*?” Briefly,
adults (n = 3069) >75 years were recruited from 2000 to 2002
across four clinical sites in the United States—Sacramento,
CA; Hagerstown, MD; Winston-Salem, NC; and Pittsburg, PA.
Individuals with prevalent dementia or other neurodegenerative
diseases at baseline and those taking medications for dementia or
cognitive enhancement were excluded. We recently documented
an association between long-term air pollution exposure and the
risk of dementia in this cohort,?® and hypothesize that hyperten-
sion may partially mediate the effect of air pollution on dementia.

Dementia ascertainment

Participants were evaluated for dementia every 6 months from
enrollment until the end of follow-up in 2008. At each visit,
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participants completed three cognitive screening examinations:
the Modified Mini-Mental State Examination (3MSE),*® the
cognitive subscale of the Alzheimer Disease Assessment Scale,?
and the Clinical Dementia Rating.’® Participants who did not
pass two of the three examinations were administered a full
neuropsychological battery consisting of 12 tests in six cogni-
tive domains and were referred for neurological examinations
and MRI if dementia was suspected.’! Starting in 2004, all par-
ticipants were administered the full neuropsychological battery
annually. A dementia adjudication panel confirmed the diagno-
sis and categorized each dementia case as either AD, vascular
dementia (VaD) with no AD, VaD with AD, or other dementia
etiology. The dementia diagnostic criteria are detailed in the
published trial protocol.’! Due to the small number of partici-
pants with incident VaD with no AD, we combined these partic-
ipants with VaD/AD mixed-type dementia for analysis, as was
done previously.®

Mediator definition

For our main analysis, prevalent hypertension was defined
as systolic blood pressure (SBP) >140 mmHg, diastolic blood
pressure (DBP) >90 mmHg, or the use of an antihypertensive
medication based on medical record review or self-report. The
average of two measurements taken at the study entry were used
to define SBP and DBP. These cut points were selected to align
with recommended BP targets at the time of the trial, but the
eAppendix; http://links.lww.com/EE/A272 thoroughly evalu-
ates other cutoffs commonly used and alternative hypertension
definitions.3?33

We used prevalent hypertension at the first study visit
rather than time-varying BP measurements to maximize the
lag period between the mediator and outcome assessment.?*
In MESA, elevated BP in mid-life rather than changes over
the mid- to late-life transition were predictors of cognitive
performance.?’

Air pollution assessment

Our primary exposures of interest were mean PM, _ in the 20
years before enrollment (1980-1999) and mean PM, and NO,
in the 10 years before enrollment (1990-1999) since, in gen-
eral, we observed stronger associations between longer aver-
aging periods (10 or 20 years vs. 1 or 5 years) and dementia.?®
Long-term air pollution exposure was based on participant
residential addresses. Historical residential addresses for the
20 years before the study entry were reconstructed using data
from the LexisNexis credit-reporting database.?®** LexisNexis
uses public information (e.g., voter registration and mortgage
records) and a propriety algorithm to obtain address history.*
As detailed in the online supplement to Semmens et al*® (see
also eAppendix1; http:/links.lww.com/EE/A272), our team
developed a set of specific rules that were used to construct
likely sequential address histories based on residency dates from
LexisNexis and participant addresses recorded at each study
visit. Addresses were geocoded using ArcGIS10.6.1 and expo-
sure to air pollution was assigned as previously described.?
Briefly, annual average PM, . and PM, concentrations were
estimated using a validated spatiotemporal model.’**” NO,
was estimated using a validated national prediction model.*
Exposures were time-weighted based on the amount of time
we believe the participant lived at each address (eAppendix1;
http://links.lww.com/EE/A272).

Statistical analysis

Our analysis was restricted to those without mild cognitive
impairment (MCI) at baseline. Relevant descriptive statistics
were used to summarize baseline participant characteristics. We
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calculated the mean duration of study follow-up and the median
and interquartile range (IQR) of exposure to each pollutant over
the 10 or 20 years before enrollment.

For our mediation analysis, we first evaluated the direct
effects of air pollution on hypertension and hypertension on
dementia separately. We used Poisson regression models to cal-
culate risk ratios (RRs) for the association between air pollution
and binary hypertension; RRs are more readily interpretable
than odds ratios from logistic regression.’” We used Cox pro-
portional hazard models for time-to-incident dementia. Hazard
ratios (HRs) over the follow-up period and RRs were calcu-
lated for each IQR increase in pollutant. Follow-up time began
at age at randomization and ended at age halfway between
the clinical examination at which the dementia diagnosis was
made and the last clinical examination at which the patient was
dementia-free.’! Participants were censored at the date of death
or last contact. We ran separate models for all-cause dementia,
AD, and VaD/AD mixed.

To control for confounding, all models were adjusted for
enrollment site and enrollment year, and for Ginkgo biloba
treatment arm as a precision variable. We additionally adjusted
for a priori confounding factors identified based on literature
review®* and recorded at study entry: age, sex (male or female),
education level, history of smoking (ever or never), pack-
years (quartiles), secondhand smoke exposure (percent of life
exposed) and 20-year average neighborhood deprivation index
(continuous), which was constructed at the census tract level
using residential history information between 1980 and 1999,%
since research demonstrates the neighborhood social environ-
ment is an important confounder of air pollution and health.*!
In models for hypertension, we adjusted for alcoholic drinks per
week, as alcohol consumption is a risk factor for hypertension*
and may be associated with neighborhood and therefore air pol-
lution exposure. In sensitivity analyses, we adjusted for physical
activity score (scale: 0-35) based on participants reported fre-
quency of engaging in the following activities: gardening and
yard work, walking, volunteering, assisting family or friends,
hunting, fishing or camping, babysitting, and shopping.*

We used a two-stage regression approach for causal media-
tion analysis to decompose the total effect of air pollution on
dementia into its natural direct and indirect effects through
hypertension.*** The natural indirect effect represents the
change we would observe on a given dementia outcome if we
could change each person’s hypertension status to the value it
would naturally take if there was an air pollution intervention
where air pollution was set to a specific level. Here, we assume
that air pollution is set to zero.*® Using the product method, we
calculated the indirect effect of hypertension (yes/no) on each
air pollutant and dementia outcome as:

NIE = &

Where 1 represents the coefficient for air pollution exposure
from the mediator model and v; represents the coefficient for
hypertension from the outcome model. The product method
gives mediated effects for proportional hazards models when
the outcome is rare® (<10% of our study population developed
AD or VaD/mixed*’). We calculated 95% confidence intervals
(CIs) for the indirect and direct effects via bootstrapping with
500 resamples. All statistical analyses were performed with R
Studio version 1.3.

Sensitivity analyses

We assessed whether results were robust to alternate defini-
tions*® of hypertension. First, we used lower cut points to align
with updated American Heart Association treatment guidelines
for “elevated” BP: SBP >130 or DBP >80.% Second, we removed
antihypertensive use from the definition and instead stratified
by medication use because these medications may attenuate the
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risk of dementia.’® Third, because antihypertensives lower BP
and may mask the impact of air pollution on hypertension, we
explored the addition of a fixed BP (10 or 15 mmHg) for partic-
ipants on antihypertensives and then applied the respective BP
cut points to define hypertensive cases.!'> In MESA, results were
sensitive to this method.* Finally, we assessed SBP and DBP as
continuous variables, both with and without the adjustment for
medication use described above. In mediation analysis, these
continuous outcomes were modeled using linear regression.

In sensitivity analyses, we assessed how robust the esti-
mates were to violations of four key assumptions of this causal
mediation analysis: namely, that there is no unmeasured con-
founding of the exposure-outcome, exposure-mediator, or
mediator-outcome relationships; and that no confounder of
the mediator-outcome relationship is affected by the exposure.
We assessed whether any mediator-outcome confounders (e.g.,
physical activity) were affected by the exposure using logistic
regression and scatter plots. Finally, we assessed the sensitivity
of our findings to inclusion of participants with MCI at baseline.

Results

Of the 3069 participants enrolled in GEMS, we excluded 23
due to missing information on air pollution exposure and 482
with MCI at baseline. Characteristics of the 2564 participants
included in our analytic sample are summarized in Table 1. The
mean age at study entry was 78.4 years and 54.4% were male.
Median 20-year exposure to PM, ; was 18.41 (IQR = 2.44) pg/
m’. Median 10-year exposure to PM,  was 24.78 (IQR = 4.44)
pg/m?® and NO, was 16.62 (IQR = 6.67) ppb. At enrollment,
57% of participants were taking antihypertensive medication
and 69% had prevalent hypertension. Participants were fol-
lowed for an average of 5.7 years and 324 (12.6%) developed
dementia.

We did not find an adverse effect of any air pollutant on
hypertension (Table 2). Hypertension was associated with VaD/
AD mixed dementia (HR, 1.92;95% CI =1.14, 3.24) but not AD
(HR, 0.88; 95% CI = 0.66, 1.19) (Table 3). We did not observe
mediation through hypertension for the effect of either pollut-
ant on dementia outcomes (Figure 1, eTable 1; http:/links.lww.
com/EE/A272). The percent mediated ranged from 0.0% (95%
CI =-0.99, 1.05) for NO, and AD to 0.30% (95% CI = -1.40,
1.54) for PM, ; and VaD/AD mixed dementia (eTable 1; http://
links.lww.com/EE/A272).

Results did not change when hypertension was operational-
ized with different cut points (e.g., SBP>130, DBP >80), with-
out the inclusion of antihypertensive medication, or categorized
after the addition of fixed BP (10 or 15 mmHg) for participants
on antihypertensives (eTables 2 and 3; http:/links.lww.com/EE/
A272). There was no adverse effect of any air pollutant on con-
tinuous SBP or DBP (eTable 4; http://links.lww.com/EE/A272)
and results did not appreciably change when stratifying by
use of an antihypertensive (eTable 4; http:/links.lww.com/EE/
A272). The inclusion of participants with MCI at baseline did
not change our overall findings.

Discussion

The present study was the first, to our knowledge, to use BP
measurements and medical records to examine the mediating
role of hypertension in the effect of air pollution on demen-
tia. We found hypertension was more strongly associated with
vascular/mixed dementia than AD or all-cause dementia, which
is consistent with known biological mechanisms for vascular
pathologies. Vascular dementia is a progressive disease caused
by decreased blood circulation to the brain, which may be asso-
ciated with detected and undiagnosed stroke.’! Risk factors
include cardiovascular disease, metabolic syndrome, and hyper-
tension.”! Uncontrolled hypertension can cause vascular injury
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Baseline characteristics of included study participants from the
Ginkgo Evaluation of Memory Study (GEMS), n = 2,564

Environmental Epidemiology

Association between hypertension and time-to-dementia
subtype

Characteristic N (%)? Outcome HR (95% ClI)
Enroliment site All-cause dementia 1.10(0.86, 1.41)
Sacramento, CA 781 (30.5) Vascular/mixed dementia 1.92 (1.14,3.24)
Hagerstown, MD 386 (15.1) Alzheimer’s disease 0.88 (0.66, 1.19)
Winston-Salem, NC 579 (22.6)
Pittsburgh, PA 818 (31.9) Hypertension was defined as systolic blood pressure (BP) >140 mmHg, diastolic BP >90 mmHg,
Demographics at baseline or use of an gntihypenensive. Cox models gdjusted for age at study entry, year of er‘|r0||lmem,
Age, years (mean [SD]) 78.4 (3.2) enrollment glte, treatment arm, sex, education, 20-year average neighborhood deprivation index
Sex (NDI), smoking status, and secondhand smoke exposure.
Female 1170 (45.6) Cl indicates confidence interval; HR, hazard ratio.
Male 1394 (54.4)
Race and ethnicity and damage to the white matter of the brain, and BP treatment
\F,’vg(;tp?e of color 2432 863)7 ) has been shown to slow this progression.*? Our findings support
Education : current hypertens.lo'n treatment recpmmend.atlons.33 .
High school o less 930 (36.9) - We found a mlnlmal effect pf air p_ollutlon on hypertension
Some college 628 (24.5) in our study pop.ulgtlo.n, despite p}rev10}1$ly documgr}ted asso-
College graduate 425 (16.6) ciations, mechanistic links, and biological plausibility.!%12:40.53
Postgraduate 581 (22.7) This may be due to the older age of the cohort and the high
Neighborhood deprivation index (mean [SD]) -0.09 (2.99) prevalence of hypertension at baseline. Air pollution may affect
Blood pressure (BP) at baseline BP earlier in life than was possible to measure in this cohort of
Systolic BP (mmHg) (mean [SD]) 132.7 (17.9) adults >75 years. In a meta-analysis, Cai et al'® found that the
Diastolic BP (mmHg) (mean [SD]) 69.0(9.7) age of study participants was negatively associated with effect
Antihypertensive medication use 1452 (56.6) sizes for the association between long-term exposure to NO,
Hypertension” 1767 (68.9) and PM, ; and hypertension." BP is known to decrease in the
Sm,\?g\l/ré? status 1017 40.4) very elderly,* which could have obscured effects of earlier life
Former 1391 (55:2) air pollutlpn exposure on hypertens1on' risk at study entry. The
Current 110 (4.4) use of ant1hypert¢qswes was common in our study population
Pack-years smoking (over half of participants were using antlhypertenswes at base-
0 1030 (43.4) line) and medication-induced decreases in BP may mask the
01024 692 (29.1) effect of air pollution.
>24 653 (27.5) We did not find evidence that hypertension mediated the
Percent of life exposed to secondhand smoke effect of air pollution on dementia outcomes for any pollutant
<1.14 615 (24.6) studied, owing at least in part to the lack of an observed effect
>1.1410 <24.39 616 (24.6) of air pollution on hypertension. These findings are consistent
>24.3910 <46.43 637 (25.4) with a recent study that evaluated whether hypertension medi-
>46.43 636 (25.4) ated the effect of PM, ; on dementia using survey data from a
é:\c/lcl)hfél/cmdarl(rx:g\:]ve[gg]()rnean (DD 23; Eig populatiop—based cohdr‘t of US re.tirees.”. Pat.hways other thgn
Phyéical activity score* ot of 35 (mean [SD] 135 46) hypgrtenswn (such as 1nﬂamma.t10n, 0x1dat1ve' stress, or dis-
Outcome & follow-up ruption qf the blood-br.am barrier) may exp}am the e_ffect of
All-cause dementia 324 (12.6) air po.llutlon on de.mentla.. Seyeral recent studies have aimed to
Alzheimer's disease (AD) 212 (8.3) quantify the potential mediating role of diabetes, stroke, and car-
Vascular/AD mixed dementia 97 (3.8) diovascular disease. Findings from the Sacramento Area Latino
Follow-up, years (mean [SD)) 5.7 (1.5) Study on Aging (SALSA) suggest that 20% of the traffic-related

4Unless otherwise specified.

"Defined as systolic BP >140, diastolic BP >90, or use of antihypertensive.

Score based on participants reported frequency of engaging in the following activities: gardening
and yard work, walking, volunteering, assisting family or friends, hunting, fishing or camping,
babysitting, and shopping.

Association between air pollutants and prevalent hypertension
at baseline

Hypertension (yes/no)?

Exposure RR (95% Cl)

NO, (per 6.6 ppb) 1.02(0.92,1.11)
PM, , (per 2.4 pg/m?) 1.01(0.91,1.10)
PM. (per 4.4 ug/m?) 1.00 (0.93, 1.09)

RRs are reported per IQR increase in pollutant.

#Hypertension was defined as systolic blood pressure (BP) =140 mmHg, diastolic BP =90 mmHg,
or use of an antihypertensive. Poisson models adjusted for age at study entry, year of enrollment,
enrollment site, treatment arm, sex, education, 20-year average neighborhood deprivation index

(NDI), smoking status, pack-years, secondhand smoke exposure, and number of alcoholic drinks
per week.

Cl indicates confidence interval; RR, risk ratio.

air pollution-dementia pathway is mediated through type 2 dia-
betes.”* An examination of the mediating role of atrial fibrilla-
tion, ischemic heart disease, heart failure, and stroke among a
cohort enrolled in the Swedish National Study on Aging and
Care found stroke to be an intermediate condition in 49% of
air pollution-related dementia cases.?* Ilango et al?® conducted a
causal mediation analysis using data from the Canadian Health
Survey and found 9% and 21% of the pathway from NO, and
PM, ,, respectively, was attributed to cardiovascular disease on
the multiplicative scale (defined as hospital admissions or med-
ical procedures for coronary heart disease, stroke, arrhythmia,
and congestive heart failure).

Several other explanations should be considered for the lack
of observed mediation through hypertension. First, the associa-
tion between air pollution and dementia may be more strongly
mediated through mid-life rather than later-life hypertension.
Abell et al'® found an increased risk of dementia for those with
SBP =130 at age 50 years, but not at age 60 or 70. This is con-
sistent with the findings from MESA that mid-life hypertension,
rather than changes over the mid- to late-life transition, predicts
cognitive performance.?’ There is evidence to suggest that the
increasing duration of hypertension predicts lower cognitive per-
formance,” however, duration and age at onset of hypertension
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Figure 1. Mediation analysis results: total, direct, and indirect effects through hypertension of each pollutant on time-to-incident dementia.

were not known in our study. Therefore, we chose to exam-
ine prevalent hypertension, assuming that the development of
hypertension after study enrollment (i.e., after age 75) would
not present the same increased risk of dementia as hypertension
earlier in life'® and that any effect of air pollution exposure on
hypertension risk would have occurred before study enrollment.
Enrollment of participants earlier in life may have improved our
ability to detect an effect.

Recruiting an older population is efficient when the design
benefits from a high incidence of dementia over a short period
of follow-up, as was the case in the GEMS cohort. However,
if the biological period of interest occurs long before disease
onset, which may be the case for possible mediators, then
recruitment of a much younger population may be needed.
This would allow for examining incident hypertension and
duration of hypertension while better ensuring temporal-
ity between exposure and mediator. Nevertheless, the long
follow-up duration required may be infeasible or prohibitively
expensive.

It is possible that long-term air pollution exposure has a
minimal effect on the risk of hypertension. Among participants
in MESA, no association was seen between air pollution and
hypertension after controlling for time-varying age and calen-
dar time, likely due to decreases in air pollution and BP over
time.*® Fuks et al*’ separately examined the effect in individuals
taking and not taking antihypertensive medication and found
partially differing results. PM was weakly associated with BP
only in medicated participants, and traffic load was associated
with BP in nonmedicated participants.** We saw similarly incon-
sistent results by medication use in our study. This highlights
the importance and challenge of accounting for medication use,
which could both confound the mediator-outcome relationship
and mask the exposure-mediator relationship. Participants =75
years of age who are not using an antihypertensive medication
may represent a less susceptible group. Further, the effect of
medication on downstream outcomes of interest also remains
inconclusive. In the Systolic Blood Pressure Intervention Trial
(SPRINT), the risk of MCI and cardiovascular disease was lower
comparing intensive BP treatment (goal of <120 mmHg) vs.
standard (goal <140 mmHg) treatment, but no association was
seen for dementia®® or for specific cognitive domains, though the
study may have been underpowered for these outcomes.’”

The present study expands upon recent work examining the
mediating role of hypertension by using a more objective measure
of hypertension (based on BP measurements and medical record
review), rather than self- or proxy-report.?’ Additional strengths
of the present study include a well-characterized clinical trial
population with detailed information on potential confounders
and comprehensive prospective assessment for dementia, the
primary endpoint of the trial. Regular screening visits enhanced
the precision of diagnosis dates, and the use of brain MRI and
an expert adjudication panel to determine subtypes ensured
highly accurate dementia classification. Reconstruction of his-
torical addresses allowed for residential mobility and more pre-
cise air pollution exposure estimates during the critical window
for dementia development.>®

There are several limitations to our study. While GEMS
included four geographically diverse sites in the United States,
most study participants identified as white. Thus, the findings
may not be generalizable to other groups. Misclassification of
hypertension may have occurred, as individuals’ BP can fluc-
tuate throughout the day, though we used the average of two
BP measurements to mitigate this concern. Because the onset of
hypertension is not known, it is possible that hypertension onset
proceeded exposure assessment leading to measurement error.
We would expect any exposure and mediator misclassification
to be nondifferential with respect to the outcome. On average,
nondifferential misclassification of exposure in a cohort study
biases estimates towards the null. We excluded participants
with missing covariate data (<5% for all included variables)
but expect minimal impact on results as missingness was not
associated with the exposure or outcome and the use of mul-
tiple imputation did not impact estimates of the main effect.?®
Finally, individuals experiencing cognitive decline or those suf-
fering from complications of high BP are more prone to non-
participation in research studies and may be more susceptible to
attrition. This would lead to an attenuation of the association
with air pollution and could have contributed to our null medi-
ation findings.

Our results corroborate existing evidence for the delete-
rious effect of hypertension on the risk of vascular dementia.
However, we did not find evidence that hypertension mediates
the air pollution-dementia relationship, perhaps due to the com-
plex role of BP-lowering medications and the age of the cohort.
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Future work could address the mediating role of mid-life hyper-
tension in cohorts that start at younger ages; the use of well-
defined population registries, updated historical air pollution
models, and statistical modeling may overcome the otherwise
prohibitive follow-up duration required. Further exploration of
the pathways underlying the effect of air pollution on dementia
is needed to effectively identify high-risk populations and target
prevention strategies.
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