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Introduction:

Alzheimer's disease (AD) is an age-related,
progressive, neurodegenerative disorder,
affecting more than 4 million people in the US
and more than 30 million people worldwide [1].
The pathological changes seen in the brain are
plaque formations consisting mainly of amyloid
beta (AB) protein deposits surrounded by neurons
containing neurofibrillary tangles. Associated
with AB-containing senile plaques are reactive
microglia and activated microphages producing
cytokines like IL-1, IL-6 and TNF-a, as well as
acute phase proteins, indicating inflammation [2].
Also associated with the plaque deposition is
vascular damage and neuronal loss in the area of
hippocampus and frontal cortex, leading to
severe memory loss [3, 4].

Environmental gases like ozone, together
with particulate matter (PM) and organic
compounds, in outdoor and indoor air forms the
complex mixture of air pollution [4]. Studies
indicate that chronic exposure to particulate
matter may increase oxidative stress by
producing reactive oxygen species (ROS) and
chronic neuroinflammation, which may be for-
runners for AD and other neurodegenerative
disorders [1, 3, 5] Findings indicate that there is
an association between particulate matter and
neurodegenerative processes [2, 5]. Animal
studies have added to the concerns that air
pollution containing PM may contribute to AD
and other CNS outcomes through some of the
mechanisms presented above([3] Increasing size
of the aging population may in part explain the
increasing incidence of AD, but environmental
factors like particulate matter may also be an
important contributing factor [3].
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Increasing AD incidence with
accompanying cognitive decline and memory loss
posts serious economic, social and health

delivery problems at a global scale. Studies have
indicated that air pollution, largely caused by
increasing urbanization [2, 6]and [7] may be of
etiologic importance. After going through various
studies showing a possible relationship between
PM and AD I wanted to test the hypothesis that an
association exists between exposure to PM and
AD. Air pollution containing PM, ozone, carbon
monoxide, nitrogen dioxide, sulfur dioxide, and
lead is largely found in urban atmosphere. In this
review paper my focus is on ambient air PM.
Several studies have demonstrated the ability of
PM to cross the blood-brain barrier and reach the
CNS. However, PM may also reach the brain
through the systemic circulation. Hence the
purpose of this review paper is to explore the
relationship between ambient air PM and AD in
elderly subjects in order to learn whether AD may
be, to some extent, a preventable disease.

Methods:

Studies were identified by searching
PubMed, Google Scholar, and Scopus, keeping Air
pollution, Particulate Matter, Alzheimer’s disease,
Cognitive Impairments and Dementia as the main
searching words. In this systematic review we
wanted to include all published studies that
provide results of AD among patients exposed to
ambient air PM in the general population. For
inclusion into the systematic review papers,
therefore, the following criteria had to be met:
study subjects had to be recruited at the
population level (i.e., not hospital based) to make
them representative of the underlying population
and less susceptible to selection bias. Different
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designs were included to look at different aspects
of ambient air PM in relation to AD risk: Studies
with case control designs because they in a short
time frame gives indications of causality, and
longitudinal designs and because they show the
results of long term exposure of particulate
matter on cognitive function with correct time
sequence of exposure and outcome. Cross
sectional studies were included to determine the
association between PM exposure and cognitive
functions in older US adults presently available.
To explore the biological plausibility of PM as a
risk factor for AD experimental studies on
animals and histopathological studies on young

children and young adults were included to
determine the route of entry of PM and the
associated changes in the brain typical of AD.
Studies having searching words as “cognitive
impairments” and “dementia” were included, as
were studies of the prevalence of AD in patients
with established dementia. The titles and
abstracts of all articles identified by the search
were screened and potentially relevant articles
were retrieved and assessed according to the
criteria mentioned above. Meticulous search for
articles on the topic of Association between PM
and AD started in June 2014.

Results:
TABLE 1. Results of the PubMed search.
STUDY OBJECTIVE SUBJECT VARIABLES RESULTS
(Gatto, Henderson None of the pollutants (PM .5, Os,
2014) [8] To explore the effect of | 1,496 healthy | PM.s, Os;, NO., NO.) were significantly associated
Cross Sectional | air pollution on Cognitive | cognitively Intact | Age, gender, race, | with global cognition. Increasing
Study. function. adults. education, exposure to PM.s was related to
income, study, | lower verbal learning
mood B =-0.32 (95% CI: -0.63,0.00) per
10 pg/m3 PM.s p = 0.05
(Weuve,Puett To explore the relation of | 19,409 Nurses | PM (coarse and | Difference in 2 year change (95%
2012) [9] cognitive decline on long | aged 70-81 years. fine), cognitive | CI) in global cognitive score:
Nurses’ Health | term exposure to PM both | Measurement function. A. Per 10pg/m?® increment in
Study Cognitive | coarse (PM 10um, 2.5um) | period: 7-14 years exposure:
Cohort and fine (<2.5um). . PM.s.10: -0.020 (-0.032 to -
0.008)
e PM.s: -0.018 (-0.035 to
-0.02)
B. In highest vs lowest quintile
of exposure:
. PM,s.10: -0.024 ('0040 to -
0.008)
« PM;s: -0.018 (-0.034 to -
0.002)
TABLE 1 (cont). Results of the PubMed search.
STUDY OBJECTIVE SUBJECT VARIABLES RESULTS
(Ranft 2009) [6] | To assess the relation | 399 women 68 to | Air pollution, Lung | CERAD-Plus points (95% CI):
Cohort Study. of PM.s to mild | 79 years of age | function, Inflammation, | A. according to traffic exposure:
cognitive impairment | with > 20 years | Aging. o Age<74:-3.8(-7.9,0.4)
that are associated | of PM exposure e Age>74: 0.3(-7.3,7.8)

with high risk of AD .

B. According to distance to next
busy street:
e -1.6 (3.2,

00) (p<0.05)

(Ailshire & | To determine the
Clarke, 2015) | association of PM.s in
[10] residential

Cross- environment to
Study. cognitive function.

780 non-Hispanic
black, white men
and women age

Sectional 55+

Cognition, Age, Education,
PM, gender,
Neighborhood.

Regression of Count of Errors-
PM.s, 10 ng/m? increment:
OR=1.53 (95% CI: 1.02-2.30)
Those living in areas with greater
exposure to PM.s had an error
rate 1.5 times greater than those
exposed to lower PM 5
concentration
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(Calderon- To determine the | Brain samples: Air pollution, | A strong positive correlation was
Garciduenas association of air | A. 10 from highly | inflammation, found between:
2004) [2] pollution and brain | polluted areas | neurodegeneration, . COX2 mRNA levels and
Human Autopsy | inflammation in | (Mexico city and | AD. . Oxidative DNA damage
Study resident of high air | Monterrey) by AP* sites
pollution. B. 9 from small (r = 0.89, p = 0.001, Spearman
cities with low and Pearson) in frontal cortex of
level of pollution high-exposure group, but not in
subjects of low air pollution
areas.
*apurinic & apyrimidinic sites
(inhibits DNA replication,
increases base substitution
mutations and loss of genetic
integrity)
TABLE 1 (cont). Results of the PubMed search.
STUDY OBJECTIVE SUBJECT VARIABLES RESULTS
(Calderon- To determine the | Dogs PM, AD, Urban | Mean AP* sites/10° nucleotides in:
Garciduenas effect of PM on | n=26 from Mexico | Population, « MCdogs: 12.5+ 1.7
2003) [11] nervous system. City [MC]) or low | Olfactory Pathology, . TL dogs: 3.9 £ 0.8
experimental levels of air | BBB, DNA oxidative . (p=0.0002).
Study pollution (n=14 | damage. MC dogs had AD like brain changes:
from Tlaxcala [TC] +  Atrophy of cortex
. B-amyloid plaques
. Neurofibrillary tangles
*apurinic & apyrimidinic sites (inhibit DNA
replication, increases base substitution
mutations and loss of genetic integrity)
(Jung, Hwang | To determine the | 95,690, individuals | PM, AD, | The data were analyzed in a Cox
2014) [12] long term | aged above 65 | Neurodegeneration. Regression model. The risk of AD was
Cohort Study association during 2001-2010 found to increase 138% per 4.34 ng/m?®
between increase in PM.s over the follow up period
particulate matter (95% Cl 2.21-2.56). Findings suggest that
and ozone with long term exposure to PM.sis associated
newly diagnosed with increased risk of Alzheimer’s disease
Alzheimer’s
disease in Taiwan.
(Campbell The purpose of | Mice. (Male BALB/c | PM, Level of proinflammatory cytokines in the
2005) [4] this study is to | 6 weeks old) | Inflammation, cytoplasmic fraction of the brain after
Experimental find out the | exposed to | Neurodegenerative exposure to:
study effects of PM.s and | concentrated disease. PMo.is (mean 285.51g/m®): TNF-a increased
PM,,s on the brain | ambient PM in a ~ 15% (ns)
of mouse. heavily polluted IL-1a increased =~ 2.8x (p<0.05)
urban environment [PMo.1s+PM:s](mean 441.7pg/m?):
for 2 weeks vs TNF-a increased =~ 50% (p<0.05)
controls IL-1a increased =~ 3.4x (p<0.05)
TABLE 1 (cont). Results of the PubMed search.
STUDY OBJECTIVE SUBJECT VARIABL | RESULTS
ES
(Calderon- | This study was | 47 PMi, and | In highly polluted areas (MC) vs less polluted areas (control cities)
Garciduena | done to | Children PM.s;, AD, | significant higher levels found of:
S 2008) | determine the | and a- «  Frontal cortex:
[13] role of PM,, and | young synuclein - COX2 mRNA (p=.008)
Case PM 25 on | adults of | , Amyloid -IL-18 mRNA (p=.0002)
Cohort neurodegenerat | 2-45 B42 . Olfactory bulb (OB):
Study ive changes as | years of - COX2 mRNA (p=.0002)
seen in highly | age who - IL-18 mRNA (p=.003)
polluted places | die - CD14 rRNA (p=.04)
like Mexico City | suddenly.
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in children and | N=35
young adults | from
who suddenly | highly
die of | polluted
neurological area.
problems N=12
from less
polluted
area.
(Anna This cohort | 1806 Ambient Participants in the group with the highest exposure were more likely
Oudin, study was | participan | air than those in the group with the lowest exposure to be diagnosed with
2016) designed to | ts from a | pollution | dementia (Alzheimer’s disease or vascular dementia), with a hazard
Cohort find out the | major city |, ratio (HR) of 1.43 (95% CI: 0.998, 2.05 for the highest vs. the lowest
Study. relationship in Sweden | dementia | quartile). The estimates were similar for Alzheimer’s disease (HR 1.38)
[14] between long , AD and vascular dementia (HR 1.47). The HR for dementia associated with
term exposure the third quartile versus the lowest quartile was 1.48 (95% CI: 1.03,
of traffic 2.11).
pollution and
dementia.
(Hong To determine | 2066'639 | PM.s, Exposure
Chen 2(_)17) the relationshi_p adults NO., and PM, 2.4% (1.8-3.0%)
Population | between air | with 0s, NO 5.4% (4.4-6.6%)
based pollution and | mean age | dementia 2 SR A0
Cohort dementia in a | 66.8 PM.s + NO. 6.1% (4.8-7.5%)
study. place like | years .
[15] Ontario Canada Dementia
where the air PM. 6278 (4738-7816)
pollution is NO. 13,962 (11,428-16,910)
lowest. PM.s; + NO:; 15,813 (12,374-19,464)
(MCacciott | To determine | 173 as | PM.s, During the follow up of 9.9 years 392 subjects had global cognitive
olo 2017) | the harmful | incident dementia, decline. Female EFAD mice were chronically exposed to nPM during 15
Cohort effects of air | case of all | weeks. Increased amyloid deposition was observed as fibrillary
study. pollutant to | cause amyloid by ThioS binding and by 4G8 plaque immunohistochemistry
[16] brain of older | dementia that were greater for E4AFAD mice than E3FAD. For ThioS nPM exposure
women in US | with increased amyloid load by + 60% in E4FAD above non exposed
and in AD | average controls (P 0.048) whereas E3FAD did not respond (P 0.79)
transgenic 9.9 years
mice. follow up.

Gatto NM et al. [8] assessed cognitive function in
1,496 subjects (females: 79.4% mean age = SD:
60.5 =+ 8.1 year), with a battery of
neuropsychological tests. Effects were estimated
using regression models of air pollutants on
cognitive function adjusting for age, gender, race,
education, income, study and mood. None of the
pollutants (PM ,s, O;, NO,) were significantly
associated with global cognition. Increasing
exposure to PM,;was associated with lower verbal
learning (B = -0.32 per 10 pug/m? PM,; 95% CI =-
0.63, 0.00; p = 0.05. Ambient exposure to >
20ppm versus < 10 ppm of NO, was associated
with lower logical memory (B = -0.62, 95% CI + -
1.35, 0.03; p = 0.059). Ambient O; exposure (<
34ppm versus > 49 ppm) was associated with
lower executive function (8 - 0.66, 95% CI = -1.35,
0.03; p = 0.059). Men had higher exposure of PM,
(20.2 £3.5 versus 16.5 = 3.3 png/m3, p < 0.0001)
than women. Men also had higher exposure to
NO, than women (29.1+ 7.1 versus 24.3 + 6.3 p <
0.0001). Caucasian population had less exposure
to PM,; than Latin, African American or Asian
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participants (p values < 0.05). Participants with
lower educational levels or household incomes
had greater exposure to PM,; This cross-sectional
study concluded that there was an association
between higher exposure to PM,;, O;, and NO, and
lower cognitive abilities among healthy
cognitively intact adults.

Weuve J et al [9] report from Nurses Health
Study Cognitive Cohort of 19,409 women aged
70 to 81 years. In this study short term (one
month) exposures to PM,;,, and PM,s;, and long
term (7-14 vyears follow-up, 2 vyear change)
exposures to PM2.5-10 and PM,;were analyzed. A

significantly faster cognitive decline was
observed with higher levels of long term
exposure to both PM,;,, and PM,;. The

multivariate adjusted analysis found rates of
change in global cognitive function score
standard units that was worse with higher levels
of long term exposure to both PM,s, (p trend=
0.01) and highest versus lowest quintile of
exposure (p=0.003). The higher estimated PM,; .,
exposures during the periods of one year, two
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years, and five years were also associated with
significantly worse decline in the global cognitive
score. For PM,s; women in the highest quintile of
long term exposure had significantly worse rates
of change in global score than did women in the
lowest quintile (p = 0.03). The trends across
quintiles of exposure (p= trend 0.11). However
modling PM,; as a continous variable both five
years exposure and more than five vyears
exposure were associated significantly worse
global cognitive decline. Long term exposure to
PM,;was found to be a much better predictor of
decline in the individual cognitive ability as
compared to recent PM,s;. The two years results
for pM,s,c and PM,;in rates of global cognitive
change per 10pug/cm® given are (-0.20[95% CI -
0.032 to -0.008] and -0.018[-0.035 to -0.002]
respectively. Therefore the nurses health study
concluded that long term exposure to higher
levels of both PM,;,, and PM,;was associated with
worse cognitive decline yet the results are worse
for exposure to PM,;.

Ranft U et al [6] investigated the
association between PM,; and mild cognitive
impairment (MCI) which carries a high risk
progression to AD. This cohort study included a
sample of 399 women aged 68-79 years who had
been living for more than 20 years at the same
residential address. The relation between traffic
related fine PM and MCI were studied. The
distance of study subjects’ residence from the
busy roads were assessed to get an idea of
chronic exposure to traffic related PM that be
involved in the pathogenesis of Alzheimer’s
disease. The regression analysis showed that for
women aged 74 years or less, distance from busy
traffic roads was a significant and consistent
factor for MCI. If the distance from a busy road
with traffic density of more than 10,000 cars was
more than 50m then there test were significantly
reduced indicating decline in MCI. It is very
surprising that no adverse effects of traffic
exposure on MCI was seen in women older than
74 years. Traffic exposure in women < 74 years
was on the average reduced by 3.8 points ( 95% CI
7.9,0.4) while in women aged > 74 years it was
increased by 3 points ( 95% CI -7.3, 7.8). In this
study the long term exposure to elevated broad
scale PM,, back ground concentration could not
be distinguished but the effect for urban and
rural environments were detected very well.
According to distance to next busy street, -1.6 (-
3.2, 00) (p<0.05). The sample size for women
older than 74 years was very small that is only
seven women were taken. This small size of
women older than 74 years could be the reason
for not detecting the positive results for exposure
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to traffic related PM. There could be other
reasons such as, these women might be living
away from high traffic area, or due to increasing
age restricted mobility and lack of interest
women are unlikely to participate in health
related programs. In addition to this there could
be other reason such as with increasing age there
is an increased risk of MCI that may mask the
traffic related effects when test for MCI are
performed.

The objective of the study by Ailshire &
Clarke [10] was to explore the relation between
exposure to fine particulate matter (PM,s) and
cognitive ability in the Americans Changing Lives
(ACL) survey of older US adults. In this cross
sectional study, 780 non-Hispanic black and
white men and women aged 55 years and older
from the 2001/ 2002 survey was assessed.
Negative binomial regression models were used
to examine the association between PM,; and the
cognitive functions. Average PM,; exposure
wasl3.8 p/m® while the national ambient air
quality standard that is determined by the EPA to
be the level at which there is an increased risk to
human health is 12 pg/m3. About two thirds of
the respondents were found to be living in areas
where the PM2.5 concentration in the
atmospheric air exceeded the air quality
standard. According to model 1 (unadjusted
association between PM,; and the cognitive
errors). People living in areas of high PM,; air
pollution had an error rate of 1.7 (IRR = 1.69 [95%
CI, 1.10-2.59]) times greater than those living in
low pollution surroundings. In Model 2 after
accounting for key individuals and neighborhood
level characteristics like age, gender, race
education, marital status and income the
association between PM,;and cognitive errors are
reduced but remains statistically significant (p <
0.05). People living in areas with exposure to
higher air pollution having dense concentration
of PM,shad about 50% higher error rate compared
to greater impairment of cognitive ability than
those exposed to low concentration of PM,

Regression of Count of Errors- PM,;, 10 pg/m?
increment: OR=1.53 (95% CI: 1.02-2.30). Those
living in areas with greater exposure to PM,;had
an error rate 1.5 times greater than those
exposed to lower PM ,; concentration. The results
of this study suggest that habitual high exposure
to PM,; in air may have an adverse effects on
cognitive function of older adults.

Calderon-Garciduenas L et al. [2]
investigated the inflammatory response
associated with air pollution and neuro
degeneration in brain tissue of elderly subjects.
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The expression of cyclooxygenase-2 (COX2), an
inflammatory mediator and accumulation of 42-
amino acid form of B-amyloid (AB42), a cause of
neuronal dysfunction, were measured in autopsy
brain tissue in cognitively and neurologically
intact lifelong residents of cities with low air
pollution and high air pollution. A total of 19
study subjects of which 9 subjects were severely
exposed to air pollution and 10 subjects were
exposed to low air pollution. The brain tissue of
these subjects was examined, and the frontal
cortex showed an elevation of COX2mRNA levels
in the high exposure group (p = 0.009, Mann-
Whitney test). There was an elevation of COX2
immuno-reactivity in subjects of high exposure
group which was confirmed by quantitative
image analysis of COX2 immuno-reactivity (IR) (p
= 0.01, Mann-Whitney test). In subjects that were
from the areas of low air pollution the COX2 IR
was confined to neuronal cell bodies, whereas
subjects from high air pollution group exhibited
COX2 staining of endothelium both in cortex and
white matter blood vessels. In 15 subjects for
which hippocampus tissue was available COX 2
mRNA was also elevated in subjects who were
from high air pollution cities (p = 0.045, Mann-
Whitney test). The average COX2 IR density was
greater in the high air pollution group, but it was
not significantly different from levels in low air
pollution group subjects (p = 0.37). A strong
positive correlation was found between COX2 and
mRNA levels and oxidative DNA damage by AP
sites (r = 0.89, p = 0.001, Spearman and Pearson)
in frontal cortex of high-exposure group, but not
in subjects of low air pollution areas. There was
no correlation of COX2 mRNA levels and AP sites
in hippocampus. However in addition to up
regulation of COX2 expression AB42 IR was
increased in the frontal cortex (p=0.04) and in
hippocampus (p=0.001) in the high exposure
group. The authors concluded that exposure to
urban air pollution may cause brain inflammation
and accelerates the accumulation of Ap42, a
putative mediator of neurodegeneration and AD
pathogenesis.

Calderon-Garciduenas et al. [11] in this
study explored the role of ambient PM on brain
tissue and other organs such as the
cardiovascular system and the respiratory
system. This study was done on dogs exposed to
high levels of air pollution (n=26 from Mexico
City [MC]) or low levels of air pollution (n=14
from Tlaxcala [TC]). On Necropsies nasal mucosa,
olfactory bulb, and brain tissues were examined
for PM,, and PM ,;. Air pollutants measured
included PM,, and PM ,s;. Apurinic and
apyrimidinic (AP) sites inhibit DNA replication,
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promotes base substitution mutations and causes
loss of genetic integrity. Mean AP sites were
significantly higher in MC dogs compared with
controls in OB (controls 3.9 = 0.8 vs MC 12.5 +
1.7 (p= 0.0002). In the brain tissue of MC dogs
Alzheimer like changes including atrophy of
cortex, pB-amyloid plaques and neurofibrillary
tangles were seen.

Jung CR et al. [12] investigated the association
between long term exposure to ambient PM and
ozone with newly diagnosed AD in Taiwan. This
was a cohort study of 95,690 individuals aged
65+ during 2001- 2010. Between 2001 and 2006
PM,, was studied and from 2006 - 2010 PM ,;
since PM,; data was only accessible after 2006.
Mean of both PM,, and PM,;was used to estimate
the PM ,; concentration from 2001-2005. The data
were analyzed in a Cox Regression model. The
risk of AD was found to increase 138% per
4.341g/m’ increase in PM,; over the follow up
period (95% Cl 2.21-2.56). These findings suggest
that long term exposure to PM,sis associated with
increased risk of Alzheimer’s disease.

Campbell A, et al [4] did an experimental
study to investigate the effects of exposure (4
hours, 5 days/week for 2 weeks) to PM,; and
PM,,; on the brain of ovalbumin sensitized
BALB/c mice. The difference among groups was
assessed using one way analysis of variance
followed by Tukey test. Results were considered
statistically significant at p value less than 0.05
using a two tail distribution. Level of pro-
inflammatory cytokines in the cytoplasmic
fraction of the brain after exposure to: PM,;
(mean 285.51g/m?): TNF-a increased =~ 15% (ns) IL-
la increased =~ 2.8x (p<0.05) (PM,s+PM,;, mean
441.7ug/m?): TNF-a increased =~ 50% (p<0.05) IL-
la increased =~ 3.4x (p<0.05). The analysis of data
of this study indicates that the inhaled PM may
trigger a pro-inflammatory response in the
nervous system that may lead to
neurodegenerative changes in the brain. Pro-
inflammatory cytokines TNF-a, and IL-la levels
were determined in the cytoplasm of mice brains,
the levels of IL-1a were increased after fine or
ultrafine particle exposure compared with
filtered air exposure. TNF-a was increased after
combined fine and ultrafine particles. (p= <0.05)
in controls.

Calderon-Garciduenas L et al. [13] did a
case cohort study to determine the role of PM,,
and PM ,; on neurodegenerative changes as seen
in highly polluted places like Mexico City in
children and young adults who died suddenly. A
sample (n=12) was taken from low polluted
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places like Tlaxcala and Veracruz and compared
to a sample (n=35) from a highly polluted area.
Average age was 25.1+1.5 with a range from ages
of 2 to 45. After stratification of the data
according to subject’s residency, PCR analysis of
COX2, IL-18 and CD14 mRNA was done. Rapid
cycle PCR analysis of COX2, IL-1B, and CD14 in
lungs, OB, frontal cortex hippocampus,
substantia nigrae, periaqueductal gray and vagus
nerves from 47 subjects indicated that the
corresponding mRNA was present in each of the
samples analyzed. For MC versus low polluted
cities there was significant difference in COX2
mRNA in lungs (p=0.01), OB (0.0002), and frontal
cortex (p=0.008). Significantly higher levels was
found in brain tissue from MC of IL-18 mRNA in
the frontal cortex (p=0.0002) and OB (p= 0.003)
compared to controls. The higher IL-13 mRNA
values for both OB and frontal cortex were seen
in teens and young adults. CD14 values for OB
was (p=0.04). This study indicates that ambient
air PM may cause neuro-inflammation, an altered
brain innate immune response, an accumulation
of AB42 and a-synuclein in the CNS, and that this
process that may start in childhood could have
the potential to cause AD like changes, and
possibly be responsible for the development of
AD later in life.

A Oudin in 2016 explored the occurrence
of AD in both high air pollution area and lower
air pollution places. [14] Average subjects were
1,086 and among these 191 were diagnosed with
AD and 111 were diagnosed with vascular
dementia. Patients in highest exposure were more
likely to develop AD, or vascular dementia than
patients in lowest exposure. (HR) of 1.43 (95% CI:

0.998, 2.05 for the highest vs. the lowest quartile).

[14]The approximations were alike for
Alzheimer’s disease (HR 1.38) and vascular
dementia (HR 1.47). The HR for dementia related
with the third quartile vs the lowest quartile was
1.48 (95% CI: 1.03, 2.11).

H Chen tried to find out the relationship between
dementia and air pollution at a place where the
air pollution is lowest in the world and for this he
choose Ontario City, where he found that even at
lowest air pollution place the incidences of
dementia were higher. [15]

M Cacciottolo in 2017 investigated the effects
of air pollution in the brain of older women and
mice. In his cohort study of 9.9 years he found
harmful effects of urban air pollutants in the
brain of elderly women in US and AD transgenic
mice accelerate the formation of amyloid and
degeneration of neurons.[16]
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Discussion:

The referenced studies (table 1)
demonstrated a positive relationship between
ambient air PM and neurodegenerative changes.
Among these studies, five have epidemiological
designs, of which three are cohort studies and
two have cross- sectional designs. Four studies
have reported histopathological changes in the
brain according to exposure to ambient air PM,
and indicating the route of entry of PM and
demonstrating pathological changes associated
with the exposure in dogs, in mice, and in
humans, including children, young adults and
elderly subjects.

The two cross sectional studies in table 1,
by Gatto NM et al [8] and by Ailshire JA et al [10],
demonstrated an association between ambient air
PM,s; and cognitive impairment. Gatto NM et al.
had a sample size of 1,496, and they probably
had too little power to demonstrate a significant
association between the pollutants (PM,;, O;, and
NO,) and global cognition. However, they did
demonstrate a significant negative association
between increasing exposure to PM,s; and verbal
learning. Their findings were supported by
Ailshire JA et al. in a racial diverse population of
blacks and whites of both genders.

The findings by the Nurses’ Health Study
that long term exposure to increasing levels of
PM,s and PM,s,, is associated with increasing
global cognitive decline in women [9] is
important because it adds a dose response effect
of ambient air PM,s; and PM,, on cognition. This
adds support to a possible causal relationship
between ambient air PM and AD. The findings
may indicate that the size of the exposure as well
as the size of the particles may be related to the
size of the neurodegeneration and pathological
changes in the brain typical of AD [2,9,12]. These
neurological changes may be of a progressive
nature, initially causing only mild cognitive
impairment. However, when the pathological
changes in the brain has become extensive,
symptoms of AD may become apparent [3,5].
These findings may indicate that the neuro
degenerative processes associated with ambient
air PM may have at least some features in
common with the degenerative changes seen in
the nervous system of elderly subjects with AD [1]

The findings by Ranft U et al that long
term (>20 years) effects of traffic related PM,son
decline in cognitive function was dependent on
how close the traffic was to the residence of the
subjects, indicate that ambient air PM,s; may have
detrimental effect on the central nervous system
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(CNS) [6]. These results are supported by earlier
findings that ambient air PM,;and PM,, have been
identified in human olfactory bulb,
periglomerular neurons, and particles smaller
than 100 nm have been found in intraluminal
erythrocytes from frontal lobe and trigeminal
ganglia capillaries, indicating a possible nasal
olfactory pathway for the fine and ultrafine
particles to enter CNS [3,5,14]. Experimental
studies using animal models supports these
findings. Calderon-Garciduenas L. et al,
demonstrated on dogs the presence of PM,;and
PM,, in the Olfactory bulb and brain tissue,
supporting earlier toxicological studies reporting
that one of the main routes of entry of PM to the
CNS is through nasal passage [11, 14]. Findings
thus indicate that ambient air PM may either
enter through the nostrils, pass the blood brain
barrier to reach the brain, or it may access the
brain through the systemic circulation [5].

The exposure levels and particle size of
ambient air PM, may be related to the speed of
onset and to the gravity of the histopathological
CNS changes, and to the neuro degeneration seen
of a type similar with that of AD [2,12]. These
changes in the brain seems to progress slowly at
first, associated with only mild cognitive
impairment, but when the pathological changes
in the brain affects the neural tissues extensively
the symptoms of AD may become more
pronounced [1]. This scenario may explain
findings from the autopsy studies where subjects
in areas with high ambient air PM levels had
higher levels of neuro inflammation, indicating a
possible direct relationship between PM and
degenerative changes in the central nervous
system of elderly subjects [1, 2, 5].

Human autopsy studies on children, young
adults and elderly subjects by Calderon-
Garciduenas L, et al found increased
inflammatory response in the brain of individuals
who lived in areas with high ambient air pollution
[2,13]. These findings are supported by animal
studies. Campbell A, et al. found a pro-
inflammatory response in the brain of mice
exposed to fine and ultra-fine particles, and
similar observations was done by Block, Peters
and Veronesi [3, 14]. Further support is given by
reports that air pollutants can act as pro-oxidants
of both proteins and lipids, and promote
oxidative stress and inflammatory responses by
generating free radicals [1, 4, and 11]. More
resent autopsy studies in humans have further
indicated that ambient air pollution produces
differential regulation of genes in the frontal
cortex. These genes are “involved in multiple
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functions like oxidative stress, inflammation, cell
proliferation, differentiation and apoptotic death,
DNA damage, presynaptic signaling, membrane
trafficking, and microtubule assembly and
stability” [1]. It has been proposed that air
pollutants could be a risk factor for AD by
representing a prevalent source of
environmentally induced ROS production [1].

In the brains of dogs exposed to high
levels of air pollution was found
histopathological changes similar to changes
seen in AD patients, with atrophy of cortex,
formation of amyloid plagues, and neurofibrillary
tangles [11]. The human and dog autopsy studies
( table 1), found significantly more AD like
changes in the brain of subjects exposed to high
ambient air pollution as compared to subjects
living in low air pollution areas. This difference
in the brain pathology according to exposure to
ambient air pollution is indicative of a relation
between cognitive ability and air pollution,
particularly ambient air PM largely present in
traffic related pollution [2,11,13]. These findings
are supported by the recent report by Jung CR et.
al. in a large cohort study with 95,690 individuals
followed for 9 years where the risk of AD
increased 138% per 4.34 ng/m?increase in PM,;,
suggesting that long term exposure to PM,; is
associated with increased risk of AD

Conclusion:
This literature review have presented
findings indicating that ambient air PM is

associated with AD. The fine (PM,;) and ultra-fine
(PM,,) particles seems to carry the greatest risk to
the CNS. Individuals exposed to high levels of
ambient air pollution experiences inflammatory
responses and brain damage similar to AD, in
frontal cortex, olfactory mucosa and olfactory
bulb. Ambient air PM may reach the brain through
either the nasal pathway or through the lungs via
the systemic circulation. Small size PM may be
able to reach the brain easily to produce
oxidative stress by releasing cytokines. Ambient
air PM may also be involved in producing ROS,
which may result in formation of amyloid beta
peptides and senile plaques surrounded by
neurofibrillary tangles similar to AD. Since
accumulation of amyloid-beta42 may be
accelerated by air pollution, and exposure to
ambient air PM are associated with impaired
cognitive function, a plausible association exists
between PM and AD.

Provided ambient air pollution is an etiologic
factor, AD may at least partly be a preventable
condition depending on the ability to reduce air
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pollution, especially in heavy populated areas.
More research is needed to learn more about the
risk factors and mechanisms involved in the
genesis of AD according to ambient air PM. If
ambient air pollution is causally related to AD,
the Public Health sectors need to work closely

with communities,

organizations, states and

federal authorities to increase awareness of the

problem,

and to propose policy changes to

minimize exposure.

References:

(1.]

(2.]

(3.]

(4.]

(5.]

(6.]

[7.]

(8.]

[9.]

[10.]

[11.]

Moulton, P.V. and W. Yang, Air pollution,
oxidative stress, and Alzheimer's disease.
J Environ Public Health, 2012. 2012: p.
472751.
Calderon-Garciduenas, L.,
inflammation and
pathology in

Block, M.L. and L. Calderon-Garciduenas,
Air pollution: mechanisms of
neuroinflammation and CNS disease.
Trends Neurosci, 2009. 32(9): p. 506-16.
Campbell, A., et al., Particulate matter in
polluted air may increase biomarkers of
inflammation in mouse brain.
Neurotoxicology, 2005. 26(1): p. 133-40.
Campbell, A., Inflammation,
neurodegenerative diseases, and
environmental exposures. Ann N Y Acad
Sci, 2004. 1035: p. 117-32.

Ranft, U., et al., Long-term exposure to
traffic-related particulate matter impairs
cognitive function in the elderly. Environ
Res, 2009. 109(8): p. 1004-11.

Power, M.C., et al., Traffic-related air
pollution and cognitive function in a
cohort of older men. Environ Health
Perspect, 2011. 119(5): p. 682-7.

Gatto, N.M., et al., Components of air
pollution and cognitive function in
middle-aged and older adults in Los
Angeles. Neurotoxicology, 2014. 40: p. 1-7.
Weuve, J., et al., Exposure to particulate
air pollution and cognitive decline in older
women. Arch Intern Med, 2012. 172(3): p.
219-27.

Ailshire, J.A. and P. Clarke, Fine particulate
matter air pollution and cognitive function
among U.S. older adults. ] Gerontol B
Psychol Sci Soc Sci, 2015. 70(2): p. 322-8.
Calderon-Garciduenas, L., et al., DNA
damage in nasal and brain tissues of
canines exposed to air pollutants is
associated with evidence of chronic brain
inflammation and neurodegeneration.
Toxicol Pathol, 2003. 31(5): p. 524-38.

et al., Brain
Alzheimer's-like

JMCRR 2019, 2:10, Page No: 370-380

[12.]

[13.]

[14.]

[15.]

[16.]

[17.]

[18.]

[19.]

[20.]

Jung, C.R., Y.T. Lin, and B.F. Hwang, Ozone,
particulate matter, and newly diagnosed
Alzheimer's disease: a population-based
cohort study in Taiwan. J Alzheimers Dis,
2015. 44(2): p. 573-84.
Calderon-Garciduenas, L., et al., Long-term
air pollution exposure is associated with
neuroinflammation, an altered innate
immune response, disruption of the
blood-brain barrier, ultrafine particulate
deposition, and accumulation of amyloid
beta-42 and alpha-synuclein in children
and young adults. Toxicol Pathol, 2008.
36(2): p. 289-310.

Peters, A., Veronesi, B., Calderon-
Garciduenas, L., Gehr, P., Chen, L. C.,
Geiser, M., Schulz, H. (2006).

Translocation and potential neurological
effects of fine and ultrafine particles a
critical update. Part Fibre Toxicol, 3, 13.
doi: 10.1186/1743-8977-3-13

Campbell, A., Oldham, M., Becaria, A.,
Bondy, S. C., Meacher, D., Sioutas, C., . ..
Kleinman, M. (2005). Particulate matter in
polluted air may increase biomarkers of
inflammation in mouse brain.
Neurotoxicology, 26(1), 133-140. doi:
10.1016/j.neuro.2004.08.003

Thomson, E. M., Kumarathasan, P.,
Calderon-Garciduenas, L., & Vincent, R.
(2007). Air pollution alters brain and
pituitary endothelin-1 and inducible nitric
oxide synthase gene expression. Environ
Res, 105(2), 224-233. doi:
10.1016/j.envres.2007.06.005

Block, M. L., Elder, A., Auten, R. L., Bilbo, S.
D., Chen, H., Chen, J. C., . . . Wright, R. ].
(2012). The outdoor air pollution and
brain health workshop. Neurotoxicology,
33(5), 972-984. doi:
10.1016/j.neuro.2012.08.014

Avila, J., Perry, G., & Martinez-Martin, P.

(2010). Prospects on the origin of
Alzheimer's disease. ] Alzheimers Dis,
20(2), 669-672. doi: 10.3233/JAD-2010-
1421

Y. Zhang, J. J. Schauer, M. M. Shafer, M. P.
Hannigan, and S. J. Dutton. (2008). Source
apportionment of in vitro reactive oxygen
species bioassay activity from
atmospheric particulate matter,
Environmental Science and Technology,
vol. 42, no. 19, pp. 7502-7509.

Migliore, L., & Coppede, F. (2009).
Environmental-induced oxidative stress in
neurodegenerative disorders and aging.
Mutat Res, 674(1-2), 73-84.

Page 378



Dr Nasira Tajamal “ASSOCIATION BETWEEN PARTICULATE MATTER AND ALZHEIMER'S DISEASE IN
ELDERLY SUBJECTS”

[21.]

[22.]

[23.]

[24.]

[25.]

[26.]

[27.]

[28.]

[29.]

[30.]

[31.]

doi: .1016/j.mrgentox.2008.09.013

T. Finkel and N. Holbrook. (2001) Oxidants,
oxidative stress and the biology of ageing,
Nature, vol. 408, no. 6809, pp. 239-247,
2000 D. Harman, “Aging: overview,”
Annals of the New York Academy of
Sciences, vol. 928, pp. 1-2.

H. K. Biesalski, (2002) Free radical theory
of aging,” Current Opinion in Clinical
Nutrition and Metabolic Care, vol. 5, no. 1,
pp. 5-10.

H. Huang and K. Manton. (2004) The role
of oxidative damage in mitochondria
during aging: a review, Frontiers in
Bioscience, vol. 9, pp. 1100-1117

C. Behl. (2009) Oxidative stress in
Alzheimer's disease: implications for
prevention and therapy, in Subcellular
Biochemistry, J. Harris and F. Fahrenholz,
Eds., vol. 38, pp. 65-79, Springer, New
York, NY, USA, 38th ed

Molina-Holgado, F., Hider, R. C., Gaeta, A.,
Williams, R., & Francis, P. (2007). Metals
ions and neurodegeneration. Biometals,
20(3-4), 639-654. doi: 10.1007/s10534-
006-9033-z

Gil del Valle, L. (2011). Oxidative stress in
aging: Theoretical outcomes and clinical
evidences in humans. Biomedicine & Aging
Pathology, 1(1), 1-7. doi:
10.1016/j.biomag.2011.03.001

Y. Christen (2000) Oxidative stress and
Alzheimer disease, American Journal of
Clinical Nutrition, vol. 71, no. 2, pp. 621S-
629S.

C. Dorado-Martinez. (2001) C. Paredes-
Carbajal, D. Mascher, G. Borgonio-Perez,
and S. Rivas-Arancibia, Effects of different
ozone doses on memory, motor activity
and lipid peroxidation levels, in rats, The
International Journal of Neuroscience, vol.
108, no. 3-4, pp. 149-161.

M. Mancuso, F. Coppede, L. Migliore, G.
Siciliano, and L. Murri. (2000)
Mitochondrial  dysfunction, oxidative
stress and neurodegeneration, Journal of
Alzheimer's Disease, vol. 10,

D. A. Butterfield and J. Kanski. (2001)Brain
protein oxidation in age-related
neurodegenerative disorders that are
associated with aggregated proteins,”
Mechanisms of Ageing and Development,
vol. 122, no. 9, pp. 945-962,

G. T. Sutherland, G. A. Siebert, J. J. Kril,
and G. D. Mellick. (2011) Knowing me,
knowing you: can a knowledge of risk
factors for Alzheimer's disease prove

JMCRR 2019, 2:10, Page No: 370-380

[32.]

[33.]

[34.]

[35.]

[36.]

[37.]

[38.]

[39.]

[40.]

[41.]

useful in understanding the pathogenesis
of Parkinson's disease? Journal of
Alzheimer's Disease, vol. 25, no. 3, pp.
395-415, 201.

H. Peery, R. Strohmeyer, and J. Rogers.
(2006) Cellular and molecular mechanisms
of Alzheimer's disease inflammation,” in

Neuroinflammatory Mechanisms in
Alzheimer's Disease. Basic and Clinical
Research, J. Rogers, Ed., pp. 3-49,

Birkhauser Verlag, Basel, Switzerland.

E. Tuppo, L. Forman, B. Spur, R. E. Chan-
Ting, A. Chopra, and T. A. Cavalieri, (2001)
Sign of lipid peroxidation as measured in
the wurine of patients with probable
Alzheimer's disease. Brain Research
Bulletin, vol. 54, no. 5, pp. 565-568.
Butterfield, D. A. (2004). Proteomics: a new
approach to investigate oxidative stress in

Alzheimer's disease brain. Brain Res,
1000(1-2), 1-7. doi:
10.1016/j.brainres.2003.12.012

Migliore, L., Fontana, I., Trippi, F.,

Colognato, R., Coppede, F., Tognoni, G., ...
Siciliano, G. (2005). Oxidative DNA damage
in peripheral leukocytes of mild cognitive
impairment and AD patients. Neurobiol
Aging, 26(5), 567-573. doi:
10.1016/j.neurobiolaging.2004.07.016
Varadarajan, S., Yatin, S., Aksenova, M., &
Butterfield, D. A. (2000). Review:
Alzheimer's amyloid beta-peptide-
associated free radical oxidative stress
and neurotoxicity. J Struct Biol, 130(2-3),
184-208. doi: 10.1006/jsbi.2000.4274
Pratico, D. (2005). Peripheral biomarkers
of oxidative damage in Alzheimer's
disease: the road ahead. Neurobiol Aging,
26(5), 581-583. doi:
10.1016/j.neurobiolaging.2004.09.020
Arnold, S. E., Lee, E. B., Moberg, P. J.,
Stutzbach, L., Kazi, H., Han, L. Y., . . .
Trojanowski, J. Q. (2010). Olfactory
epithelium amyloid-beta and paired helical
filament-tau pathology in Alzheimer
disease. Ann Neurol, 67(4), 462-469. doi:
10.1002/ana.21910

T. Kovacs, N. J. Cairns, and P. L. Lantos.
(2001) Olfactory centres in Alzheimer's
disease: olfactory bulb is involved in early
Braak's stages,” NeuroReport, vol. 12, no.
2, pp. 285-

Doty, R. L. (2008). The olfactory vector
hypothesis of neurodegenerative disease:
is it viable? Ann Neurol, 63(1), 7-15. doi:
10.1002/ana.21327

Nelson, V. M., Dancik, C. M., Pan, W., Jiang,

Page 379



Dr Nasira Tajamal “ASSOCIATION BETWEEN PARTICULATE MATTER AND ALZHEIMER'S DISEASE IN
ELDERLY SUBJECTS”

[42.]

[43.]

[44.]

[45.]

[46.]

[47.]

[48.]

[49.]

Z. G., Lebowitz, M. S., & Ghanbari, H. A.
(2009). PAN-811 inhibits oxidative stress-
induced cell death of human Alzheimer's
disease-derived and age-matched olfactory
neuroepithelial cells via suppression of
intracellular reactive oxygen species. ]
Alzheimers Dis, 17(3), 611-619. doi:
10.3233/JAD-2009-1078

Perry, G., Castellani, R. J., Smith, M. A,
Harris, P. L., Kubat, Z., Ghanbari, K., . . .
Ghanbari, H. (2003). Oxidative damage in
the olfactory system in Alzheimer's
disease. Acta Neuropathol, 106(6), 552-556.
doi: 10.1007/s00401-003-0761-7
Gopinath, B., Sue, C. M., Kifley, A.,, &

Mitchell, P. (2012). The association
between o
Yang, W., & Omaye, S. T. (2009). Air

pollutants, oxidative stress and human
health. Mutat Res, 674(1-2), 45-54. doi:
10.1016/j.mrgentox.2008.10.005

Kampa, M., & Castanas, E. (2008). Human
health effects of air pollution. Environ
Pollut, 151(2), 362-367. doi:
10.1016/j.envpol.2007.06.012

Brook, R. D., Franklin, B., Cascio, W., Hong,
Y., Howard, G., Lipsett, M., . . . Prevention
Science of the American Heart, A. (2004).
Air pollution and cardiovascular disease: a
statement for healthcare professionals
from the Expert Panel on Population and
Prevention Science of the American Heart
Association. Circulation, 109(21), 2655-
2671. doi:
10.1161/01.CIR.0000128587.30041.C8
Cohen, A. ]J., Ross Anderson, H., Ostro, B.,
Pandey, K. D., Krzyzanowski, M., Kunzli,
N., . .. Smith, K. (2005). The global burden
of disease due to outdoor air pollution. ]
Toxicol Environ Health A, 68(13-14), 1301-
1307. doi: 10.1080/15287390590936166
Curtis, L., Rea, W., Smith-Willis, P., Fenyves,
E., & Pan, Y. (2006). Adverse health effects
of outdoor air pollutants. Environ Int,
32(6), 815-830. doi:
10.1016/j.envint.2006.03.012

F. W. S. Ko and D. S. C. Hui. (2010) Effects
of air pollution on lung health, Clinical
Pulmonary Medicine, vol. 17, no. 6, pp.

JMCRR 2019, 2:10, Page No: 370-380

[50.]

[51.]

[52.]

[53.]

[54.]

[55.]

[56.]

[57.]

[58.]

300-304

C. A. Pope III and D. W. Dockery. (2006)
Health effects of fine particulate air
pollution: lines that connect. Journal of
the Air and Waste Management Association,
vol. 56, no. 6, pp. 709-742.

Wellenius, G. A., Schwartz, J., & Mittleman,
M. A. (2005). Air pollution and hospital
admissions for ischemic and hemorrhagic
stroke among medicare beneficiaries.
Stroke, 36(12), 2549-2553. doi:
10.1161/01.STR.0000189687.78760.47
Craig, L., Brook, J. R., Chiotti, Q., Croes, B.,
Gower, S., Hedley, A., . . . Williams, M.
(2008). Air pollution and public health: a
guidance document for risk managers. ]
Toxicol Environ Health A, 71(9-10), 588-
698. doi: 10.1080/15287390801997732
Brunekreef, B., & Holgate, S. T. (2002). Air
pollution and health. The Lancet,
360(9341), 1233-1242. doi:
10.1016/s0140-6736(02)11274-8

R. J. Laumbach. (2010) Outdoor air
pollutants and patient health. American
Family Physician, vol. 81, no. 2, pp. 175-
180.

Karas, G., Scheltens, P., Rombouts, S., van
Schijndel, R., Klein, M., Jones, B., . . .
Barkhof, F. (2007). Precuneus atrophy in
early-onset  Alzheimer's  disease: a
morphometric structural MRI study.
Neuroradiology, 49(12), 967-976. doi:
10.1007/s00234-007-0269-2

Alzheimer's, A. (2010). 2010 Alzheimer's
disease facts and figures. Alzheimers
Dement, 6(2), 158-194. doi:
10.1016/j.jalz.2010.01.009

N Scarmeas, JA Luchsinger, N Schupf... -
Jama, 2009 -
archneur.jamanetwork.Physical
activity, diet, and
of Alzheimer disease

AB Graves, CM Van Duijn, V Chandra, L
Fratiglion. (1991) International journal of
- IEA Alcohol and tobacco consumption as
risk factors for Alzheimer's disease: a
collaborative re-analysis of case-control
studies

risk

Page 380





