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Invited commentary: The importance of studying environmental risk
factors for dementia
In this issue, Chen and colleagues report a significant as-
sociation betweenAlzheimer’s disease (AD) and vascular de-
mentia (VaD), and long-term exposure to particulate matter
(PM10) and ozone, in a retrospective case-control study in
the Taipei-Keelung metropolitan area [1]. The authors iden-
tified 249 AD cases, 125 VaD cases, and 497 controls aged
60 and older from neurology clinics and teaching hospitals
in the area. Air quality data were drawn from 24 air quality
monitoring stations in the Taipei-Keelung metropolitan
area. The adjusted odd ratios (AOR) they report for AD asso-
ciated with PM10 (AOR 5 4.17, 95% confidence interval or
CI 2.31–7.54) is higher than what is typically reported as
the risk associated between having one or more apolipopro-
tein E (APOE) 4 allele(s), one of the strongest genetic risk
factors for AD. Findings must be interpreted with caution,
however. The study is not without limitations, as assumptions
about duration of residence were made and temporality
cannot be established.

Although a number of studies have related air pollution
to health [2–4] and mortality [5,6], recent work has begun
to tie air pollution to cognitive impairment [7,8] and
structural brain aging [9]. This is one of the first studies
to show an association between air quality and significantly
increased risk for the two most common forms of dement-
ing illnesses. As our ability to test associations between air
pollution and AD improves (i.e., with the emergence of ge-
ospatial analysis and the ability to tie historical pollution
data to large epidemiological studies of incident dementia),
this should become an area of intense research interest in
the United States and elsewhere. It will be important to
evaluate these associations prospectively, in population-
based studies, and across a wide range of geographical
areas to establish the elements of causality including; tem-
porality, strength, evidence of a dose response, consistency,
plausibility, and specificity.

There are a number of reasons why this work is important.
First, as dementia researchers are well aware, the numbers of
new cases—and the financial burden of disease—is
increasing. According to the 2015 Facts and Figures report
[10], the cost of AD has risen to $226 billion dollars annu-
ally; the cost of VaD is likely higher on a per patient basis
[11] although the prevalence of VaD is lower. Second, as
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we are also painfully aware, no treatments to stop or slow
the progression of AD have been found. Recent failures of
AD clinical trials suggest that earlier intervention is neces-
sary. Third, in the absence of treatment, prevention becomes
paramount; and randomized controlled clinical trials of pre-
ventive interventions are in their infancy. Fourth, if a signif-
icant risk of exposure can be controlled on a societal level,
then the society has a responsibility to act. Published studies
on the health effects of air pollution are considered by the
Environmental Protection Agency (EPA) when determining
standards. In the provisional assessment of “new” science
for the evaluation of air quality standards, which occurs
every 5 years, the EPA found that there was “no evidence
of an association between long-term PM10-2.5 exposure and
mortality” [12]. This indicates that at the time of the last re-
view, not enough new evidence in support of changing the
standards had been published. There was no mention of
the effects of air pollution on cognition. A recent Cochrane
Review [13] highlighted the importance of studying this
issue, and the need for more data. They cited the EPA’s
report noting that the costs of public and private efforts in
the Unied States to meet the 1990 Clean Air Act Amendment
requirements are estimated at $65 billion annually [14]. That
is less than 1/3 the cost of AD per year in the United States,
not including the cost of VaD, unpaid care, and the burden on
families imposed by dementia. Acknowledging that air
pollution affects human health in countless other ways,
many of them very costly, one might speculate that we can
afford to do more.

With the exception of rare familial variants (APP, PS1,
PS2) and one risk gene (APOE), AD does not appear to be
primarily due to genetic risk factors. Although there are a
number of other genes with relatively small effects, and
genes most certainly contribute significantly to AD risk,
we have known for some time that genes account for only
a portion of the risk for AD. Other common risk or protective
factors have been studied including type 2 diabetes, hyper-
tension, diet, exercise, obesity, and cardiovascular disease.
To date, there has been relatively little study of the effects
of our environment on AD risk. Of all the factors that
contribute to AD, environmental exposures are one of very
few, if any, risk factors that can be addressed by societal or
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Federal government intervention. As a matter of public
health, when a problem is life-threatening, affects a signifi-
cant portion of the population, and has a substantial societal
cost, the government has a duty to step in. As Newt Gingrich
noted in his recent op ed in the New York Times, “.when it
comes to breakthroughs that could cure—not just treat—the
most expensive diseases, government is unique. It alone can
bring the necessary resources to bear. (The federal govern-
ment funds roughly a third of all medical research in the
United States.) And it is ultimately on the hook for the costs
of illness” [15]. This study is just a starting point for thework
that needs to be done to build a case for action regarding the
effects of pollution on dementia risk. We need to rigorously
investigate the problem and build a body of supporting evi-
dence (if indeed the evidence support) to effect change. The
next EPA review of standards has begun; a call for informa-
tion on recent research was issued in December 2014 and re-
view should run through December 2017.
Kathleen M. Hayden
Department of Social Sciences and Health Policy

Wake Forest University
Winston-Salem, NC, USA

Kevin M. Farmer
Clemmons, NC, USA
References

[1] WuYC, Lin YC, YuHL, Chen JH, Chen TF, et al. Association between

Air Pollutants and Dementia Risk in the Elderly. Alzheimer’s & De-

ment DADM 2015;1:220–8.

[2] Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H,

et al. A comparative risk assessment of burden of disease and injury

attributable to 67 risk factors and risk factor clusters in 21 regions,
1990–2010: a systematic analysis for the Global Burden of Disease

Study 2010. Lancet 2012;380:2224–60.

[3] Brook RD, Rajagopalan S, Pope CA 3rd, Brook JR, Bhatnagar A,

Diez-Roux AV, et al. Particulate matter air pollution and cardiovas-

cular disease: an update to the scientific statement from the Amer-

ican Heart Association. Circulation 2010;121:2331–78.

[4] Kaufman JD, Adar SD, Allen RW, Barr RG, Budoff MJ, Burke GL,

et al. Prospective study of particulate air pollution exposures, subclin-

ical atherosclerosis, and clinical cardiovascular disease: the Multi-

Ethnic Study of Atherosclerosis and Air Pollution (MESA Air). Am

J Epidemiol 2012;176:825–37.

[5] Bell ML, McDermott A, Zeger SL, Samet JM, Dominici F. Ozone and

short-term mortality in 95 US urban communities, 1987–2000. JAMA

2004;292:2372–8.

[6] Dominici F, Wang Y, Correia AW, Ezzati M, Pope CA 3rd,

Dockery DW. Chemical composition of fine particulate matter and

life expectancy: in 95 US counties between 2002 and 2007. Epidemi-

ology 2015.

[7] Ailshire JA, Clarke P. Fine particulate matter air pollution and cogni-

tive function among U.S. older adults. J Gerontol B Psychol Sci Soc

Sci 2015;70:322–8.

[8] Ailshire JA, Crimmins EM. Fine particulate matter air pollution and

cognitive function among older US adults. Am J Epidemiol 2014;

180:359–66.

[9] Wilker EH, Preis SR, Beiser AS, Wolf PA, Au R, Kloog I, et al.

Long-term exposure to fine particulate matter, residential proximity

to major roads and measures of brain structure. Stroke 2015;

46:1161–6.

[10] Alzheimer’s Association. Alzheimer’s disease facts and figures. Alz-

heimers Dement 2015;11:332.

[11] Fillit H, Hill J. The costs of vascular dementia: a comparison with Alz-

heimer’s disease. J Neurol Sci 2002;203–204:35–9.

[12] Envionmental Protection Agency. National Ambient Air Quality Stan-

dards for particulate matter; final rule. Washington, DC: Federal Reg-

ister; 2013.

[13] Burns J, Boogaard H, Turley R, Pfadenhauer LM, van Erp AM,

Rohwer AC, et al. Interventions to reduce ambient particulate matter

air pollution and their effect on health. Cochrane Database

of Systematic Reviews 2014. http://dx.doi.org/10.1002/14651858.

CD010919.

[14] Unites States Environmental Protection Agency. The Benefits and

Costs of The CleanAir Act 1990 to 2020.Washington, DC: EPA; 2011.

[15] Gingrich N. Double the N.I.H. budget. New York: New York Times;

April 22, 2015.

http://refhub.elsevier.com/S2352-8729(15)00050-0/sref1
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref1
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref1
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref2
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref2
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref2
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref2
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref2
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref3
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref3
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref3
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref3
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref4
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref4
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref4
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref4
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref4
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref5
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref5
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref5
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref6
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref6
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref6
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref6
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref7
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref7
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref7
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref8
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref8
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref8
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref9
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref9
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref9
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref9
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref10
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref10
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref11
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref11
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref12
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref12
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref12
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref14a
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref14a
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref15
http://refhub.elsevier.com/S2352-8729(15)00050-0/sref15
http://dx.doi.org/10.1002/14651858.CD010919
http://dx.doi.org/10.1002/14651858.CD010919

	Invited commentary: The importance of studying environmental risk factors for dementia
	References


