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1. INTRODUCTION

A l z h e i m e r ’s  d i s e a s e  ( A D )  i s  a n  i r r e v e r s i b l e 
degenerative brain disorder that affects memory, 
intellectual ability, and other cognitive functions.1 AD 
is the most common form of dementia and a leading 
cause of morbidity and mortality globally. The 2015 
World Alzheimer Report showed that approximately 
47 million people have AD or related dementias 
worldwide.2 As populations continue to age, the 
number of persons living with dementia, including AD, 
is expected to rise to over 130 million by 2050 - this 

increase will particularly affect countries with a fast-
growing elderly population.2 Individuals aged 60 years 
and above are projected to constitute a fifth of the 
world population over the next three-four decades, 
and more than 75% will be living in Asia, Latin America 
or Africa.3 Despite the current epidemiology of AD 
and its economic and public health impacts, the cause 
of the disease remains unknown.

Several genetic and non-genetic factors have been 
linked to AD. For instance, genetic factors such 
as mutations in amyloid precursor protein (APP), 
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ABSTRACT

There is growing evidence of a possible association between toxic 
environmental factors and Alzheimer’s disease (AD), a disabling 
neurodegenerative condition with no known cause. Previous reviews of toxic 
environmental factors for AD either focused on occupational exposures 
or used a non-systematic methodology. The objective of this systematic 
review is to assess the evidence on the link between AD and exposure to 
a variety of toxic environmental risk factors beyond the work environment. 
Structured database search was used to identify relevant studies. Twenty-nine 
eligible studies examining the effect of various toxic environmental agents 
including electromagnetic fields, solvents, pesticides, toxic metals, and air 
pollutants were identified. Six out of 11 cohort studies and only two out of 
18 case-control studies were considered high quality. Eight out of 12 studies 
found electromagnetic fields exposure to be a significant risk factor for AD. 
Significant evidence was also found for pesticide, aluminum, and solvent 
exposures. Evidence is now emerging of a possible association between 
air pollution and AD. However, more research is needed to substantiate 
this evidence. Key methodological issues especially those relating to the 
assessment of exposure(s) need to be addressed in future studies to facilitate 
interpretation and synthesis of study result.
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for eligible studies was conducted by two reviewers (O.O 
and O.O). Eligible studies were those that included 
a representative population of healthy individuals at 
baseline or persons with AD, cohort or case-control 
studies that reported the effect of at least one toxic 
environmental risk factor on AD, and studies that used a 
standardized definition of AD e.g. based on the National 
Institute of Neurologic and Communicative Disorders 
and Stroke and the Alzheimer’s Disease and Related 
Disorders Association (NINCDS-ADRDA), the Diagnostic 
and Statistical Manual for Mental Disorders, (DSM 
III-R, DSM IV, DSM V), the International Classification 
of Diseases, 9th and 10th revisions (ICD-9, ICD-10), or 
histopathologic criteria. Studies in which the diagnostic 
criteria for AD were not clearly stated were excluded. 
Where two or more publications reported on the same 
cohort/study population, the most recent publication 
was selected. All disagreements regarding the eligibility 
of any of the studies were resolved by discussion among 
the reviewers.

Two reviewers (O.O and B.A) extracted relevant data 
from all eligible articles into a data extraction form 
designed by the authors using Microsoft Excel. The 
following study variables were extracted; last name 
of first author, publication year, study design, study 
setting/country; characteristics of study population 
including age at baseline, gender, and follow-up 
period where applicable; environmental exposure(s) 
examined and assessment method; method for 
AD diagnosis and diagnostic criteria; confounding 
variables; study result and conclusion. The extracted 
data were quality-checked by M.A (an expert 
environmental and occupational health physician) and 
G.T.G (an expert geriatric psychiatrist).  

To evaluate the quality of all eligible studies, we 
adapted a quality assessment tool developed jointly 
by National Heart, Lung, and Blood Institute and 
Research Triangle Institute International.14 The tool 
included items for assessing potential flaws in study 
methodology or implementation, including sources 
of bias, confounding, study power, and other factors. 
Quality reviewers (O.O and O.O) selected "yes" or 
"no" in response to each item on the tool. The total 
score for each study was based on the percentage 
of “Yes”. A study was classified as “high quality” if 
the total quality score was ≥80%; “moderate quality” 
if total score was between 80% and 59%; and “low 
quality” if it scored below 60%.

3. RESULTS

3.1. Study Selection

Our PubMed search yielded 7,434 articles. Of these, 
7,091 were excluded following title and abstract 
screening. A second review of the remaining 343 
articles led to the exclusion of an additional 233 
articles. After full-text screening, 27 articles, in 

presenilin 1, or presenilin 2 genes have been 
found to cause early-onset/familial AD while late-
onset AD, the more common type, is reported to 
result from interaction between risk genes (e.g. 
apolipoprotein E-4) and environmental factors.4 
Furthermore, recent studies suggest epigenetic 
modifications in the etiology of late-onset AD; 
that is, modification in chemical compounds that 
regulate gene expression.5,6 

Because genetic factors are largely non-modifiable, 
public health efforts aimed at reducing the global 
burden of AD are focusing on environmental risk 
factors. There is especially a growing interest in the 
role of toxic environmental factors (defined in this 
article as hazardous substances such as solvents, 
pesticides, toxic metals, electromagnetic fields (EMF), 
and air pollutants) in the development of AD.7-13 

While some studies suggest a link between toxic 
environmental factors and AD, others have been 
inconclusive.7-9 For instance, in a 2007 review 
assessing the quality of studies on risk factors for 
AD, significant associations were found between 
work-related pesticide exposure and AD in high 
quality studies while less consistent associations 
were reported for other toxic exposures (such as 
EMF, solvents, lead, and aluminum).7 In a 2015 meta-
analysis, no significant associations were found 
for occupational exposures to pesticide, solvent, 
aluminium, and low frequency EMF.8 Scientific studies 
suggesting a possible link between air pollution 
and neurodegenerative diseases (e.g., AD) are also 
emerging.9

Previous reviews of the environmental risk factors 
for AD have been conducted; however, most either 
focused on occupational exposure to a single risk 
factor or used a non-systematic methodology.10-13 
To fill the aforementioned gap, we conducted this 
systematic review with the aim to assess the evidence 
on the link between AD and exposure to a variety 
of toxic environmental risk factors beyond the work 
environment. Given that public health actions taken 
at the global and national levels have been effective 
in reducing or eliminating human exposure to several 
hazardous agents, examining the evidence linking 
toxic environmental agents to the development of AD 
is imperative. 

2. METHODS

We searched PubMed for articles on AD that were 
published in English. No time-period restriction was 
used so that all published articles related to AD could be 
retrieved. The search was conducted on 31 January 2016 
and updated on 24 October 2016 using the following 
keywords: “Alzheimer”, “Alzheimer’s”, “Alzheimer’s 
disease”, "risk factors", and "risk factor". The MeSH 
heading “Alzheimer's disease” was also used. Screening 
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occupational exposure to EMF levels ≥0.2 microtesla 
(µT) (adjusted relative risk (RR): 2.3; 95% CI: 1.0-5.1).41 
Another cohort study conducted in Sweden found 
the same risk increase for AD mortality among men 
occupationally exposed to EMF ≥0.5 µT (adjusted 
RR: 2.3; 95% CI: 1.6-3.3).39 Results from a population-
based study of dementia in Swedish Twins found a 
significant risk of AD among manual worker (adjusted 
OR: 2.09; 95% CI: 1.04-4.19).16

In an analysis of data from three independent 
clinical series and controls in Finland and the U.S., 
primary lifetime occupational exposure to medium 
(2-10 mG) to high (>10 mG), compared to low EMF 
exposure, was associated with sporadic AD (adjusted 
odds ratio (OR): 2.9; 95% CI: 1.6-5.4).34 This finding 
was replicated in a subsequent case-control study 
involving individuals from an AD Treatment Center 
in the U.S. (adjusted OR: 3.93; 95% CI:1.5-10.6).35 In 
both studies,34,35 dressmaker, tailor, and seamstress 
were among the occupations considered to have 
medium to high EMF exposure. In an analysis of 
deaths among men who resided in one of 25 U.S. 
states, a stronger association was found between AD 
and specific occupations such as electricians (adjusted 
OR: 1.4; 95% CI: 1.1-1.7) and power plant operators 
(adjusted OR: 2.6; 95% CI: 1.3-5.1) when compared 
to all electrical occupations combined (adjusted OR: 
1.2; 95% CI:1.0-1.4).33 A separate analysis of death 
certificate data from 22 states in the U.S. showed 
that 60 hertz EMF exhibited a small but significant 
exposure-response for AD (Mortality OR: 1.12; 
95% CI: 1.05-1.20).31 In a population based case-
control study conducted in Turkey, occupational EMF 
exposure and use of electricity for residential heating 
were found to be significant risk factors for AD (OR: 
4.02; 95% CI: 1.02-15.78 and OR: 2.77; 95% CI:1.12-
6.85 respectively).28 

Three17,31,42 out of six studies found statistically 
significant associations between pesticide exposure 
and AD. In one of the studies, occupational exposure 
to fumigants and defoliants was found to increase the 
risk of AD significantly (RR: 4.35; 95% CI: 1.05-17.90).42 
Three18,29,37 out of nine studies found aluminum 
exposure to be a significant risk factor for AD. Two26,31 
out of four studies on solvent exposure reported a 
link with AD. We identified two recent studies on 
air pollution and AD risk.20,21 In one of the studies, a 
dose-response association was observed for nitrogen 
oxide (NOx) exposure (adjusted HR per 10 μg/m3 
increase in NOx: 1.05; 95% CI: 0.97-1.15)20 and in the 
second study, significant associations were reported 
for baseline ozone (O3) exposure (HR per 9.63 ppb 
increase O3: 1.06; 95% CI: 1.00-1.12) and changes in 
exposure to both O3 and particulate matter ≤2.5 μm 
in diameter (PM2.5) during follow up (HR per increase 
of 10.91 ppb in O3: 3.12; 95% CI 2.92-3.33 and HR 
per increase of 4.34 μg/m3 in PM2.5: 2.38; 95% CI: 
2.21-2.56).21 

addition to two articles identified from our reference 
list search, were included in the final analysis (n=29) 
(Figure 1). 

3.2. Study Characteristics

The main characteristics of the 29 eligible studies 
are shown in Table 1. Seven of the 29 selected 
studies were published within the last decade.15-21 
We identified 18 case-control16,22-38 and 11 cohort 
studies.15,17-21,39-43 The sample sizes varied across 
studies; ranging from 134 in a case-control study24 
to approximately 4.8 million in a cohort study of 
economically active individuals in the Swedish 1980 
census.39 The age of the study participants ranged 
from 16 years39 to greater than 75 years.25,41 Thirteen 
of 29 studies were conducted in North America, 11 
studies were conducted in Europe, three in Asia, and 
one in Australia. One study, a case-control analysis, 
examined patients from two locations in Finland and 
an Alzheimer's Disease Research Center in the United 
States (U.S.).34 Most of the studies involved both male 
and female participant. Four studies22,30,33,43 examined 
males only and one study investigated the risk of 
AD in women who took part in the Epidemiology of 
Osteoporosis (EPIDOS) study.25

The most common toxic environmental risk factors 
examined by the studies included EMF (n=12), 
aluminum (n=9), pesticides (n=6), and solvents (n=4). 
Other risk factors examined include air pollutants 
(n=2), lead (n=2), mercury (n=1), and atomic bomb 
radiation (n=1). For most of the studies, exposure to 
the examined risk factors occurred within the work 
environment. To diagnose AD, 20 of the 29 selected 
studies used the NINCDS-ADRDA criteria while in 
seven studies, diagnosis of AD was based on the 
ICD criteria. In one study conducted in Canada, 
AD cases and controls were defined based on strict 
neuropathologic criteria.29

3.3.  Quality Assessment

The percentage agreement between raters was 95%. 
Disagreements were resolved by discussion among 
reviewers. Overall, the quality scores of the included 
studies ranged from 58.33% to 88.33%. Six18-21,39,43 out 
of 11 cohort studies and only two26,30 out of 18 case-
control studies were considered high quality. The 
individual item, assessment responses, and quality 
scores can be found in Tables 2 and 3.

3.4. Key Findings

Twelve of the 29 included articles assessed the effect of 
exposure to EMF. Of the 12 studies, eight16,28,31,33-35,39,41 
found statistically significant associations between EMF 
exposure and AD. One of the studies, a community-
based cohort study conducted in Sweden, found 
an increased risk of AD in men following lifetime 
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Table 1. Study characteristics.

Reference, D
esign, C

ountry 
Study Population

Exposure Assessm
ent

AD
: D

iagnostic M
ethod, C

riteria 
C

onfounding Variables
M

ain Results

Andel et al. 2010, Case-
control, Sw

eden
16

9,508 m
en and w

om
en aged 65 years or older 

from
 the Study of D

em
entia in Sw

edish Tw
ins (H

AR-
M

O
N

Y) w
ith valid occupational and diagnostic data. 

141 of 216 w
ith dem

entia had AD

Exposure to ELF-M
F in the participant’s m

ain lifetim
e 

occupation as determ
ined by JEM

 (based on the 
general m

ale Sw
edish popula¬

tion). Exposure 
categorized into three levels: <

0
.1

2
, ≥ 0

.1
2

 to 
<

0.20, and ≥ 0.20 µT

In-person clinical diagnostic 
evaluation, N

IN
CD

S/AD
RD

A
Age, gender, education, 
com

plexity of w
ork w

ith 
people and things, and 
coronary artery disease

Am
ong m

anual w
orkers, exposure 

to EM
F levels in the range ≥ 0.12 to 

<
0.20µT w

as associated w
ith increased 

risk of AD
 com

pared w
ith low

 levels 
<

0.12µT (O
R: 2.09; 95%

 CI: 1.04-
4.19) 

Feychting et al. 2003, 
Cohort, Sw

eden
39

Econom
ically active individuals (16 to 98 years) 

in the Sw
edish 1980 census (4,812,646 m

en and 
w

om
en) follow

ed for neurodegenerative disease 
m

ortality from
 1981 through 1995 (from

 1987 for 
AD

) 

O
ccupational exposure to EM

F as determ
ined by 

JEM
 (based on w

orkday m
easurem

ents of EM
F 

from
 a sam

ple of the general population of m
en). 

Inform
ation about occupation w

as available for 
1970 and 1980. Exposure w

as categorized into 
four levels: ≤ 0.11, 0.12-0.19, 0.20-0.29, ≥ 0.30 
µT. EM

F levels ≥ 0.50 µT w
as also analyzed

C
a

u
se o

f D
ea

th
 R

eg
istry, 

diagnoses coded per ICD
-9

Age and socioeconom
ic 

status
Individuals w

ho w
ere exposed at both 

tim
es (1970 and 1980) to EM

F levels 
≥ 0.50 µT had the highest risk increase 
(RR: 2.3; 95%

 CI: 1.6-3.3)

Forster et al. 1995, Case-
control, England

23
109 cases com

prised of m
en and w

om
en under 65 

years diagnosed as having dem
entia by specialist 

services during the period 1981-89, w
ho w

ere alive 
at the tim

e of follow
 up in 1990-92. Cases m

atched 
w

ith 109 controls 

H
istorical data (based on local authority districts 

in the m
id to late 1980s) on alum

inum
 levels in 

drinking w
ater related to the place of residence at 

w
hich the individual had lived the longest in the 10 

years before onset of the sym
ptom

s 

H
ospital case notes, N

IN
CD

S/
AD

RD
A

M
atched for age and sex

Levels of alum
inium

 in drinking w
ater 

w
as not significantly associated w

ith 
presenile dem

entia of AD
-type (O

R: 1.0; 
95%

 CI: 0.41-2.43 for m
ean alum

inum
 

concentration >
149 µg/l) 

G
authier et al. 2001, Case-

control, Canada
24 

68 cases (m
en and w

om
en) random

ly selected in 
the Saguenay-Lac Saint-Jean region paired w

ith a 
non-dem

ented control for age and sex 

Environm
ental exposure to pesticides based on 

residential histories and the agriculture census 
histories of Statistics Canada (1971-1991) for 
herbicide and insecticide spraying in the area. 
O

ccupational exposure w
as assessed by an 

occupational hygienist blinded to subject’s status. 
Cum

ulative exposure for entire w
orking life w

as 
estim

ated 

AD
 diagnosis established in 

three steps, D
SM

 IV, ICD
-10 and 

N
IN

CD
S-AD

RD
A for possible or 

probable cases

Level of education, presence 
of fam

ily cases of AD
, and 

presence of at least one 
ApoE epsilon4 allele

Results did not show
 a significant risk 

of AD
 w

ith long-term
 exposure (1971-

1991) to herbicides, insecticides, and 
pesticides. O

ccupational exposure to 
pesticides w

as also not significantly 
related (p=

0.81) to AD

G
illette-G

uyonnet et al. 
2005, N

ested case-control, 
France

25

Subset of 1
,4

6
2

 w
om

en (volunteers) aged 
≥

7
5

 years taking part in the Epidem
iology of 

O
steoporosis study follow

ed for ≤ 7 years 

Alum
inum

 in drinking w
ater w

as assessed by 
obtaining inform

ation on daily w
ater consum

ption 
using a questionnaire. Com

position of the w
ater 

supply w
as determ

ined from
 inform

ation obtained 
from

 the w
ater com

panies of the study area 

N
IN

CD
S-AD

RD
A for probable or 

possible AD
N

o
t clea

rly sta
ted

 fo
r 

alum
inum

 exposure
Results did not show

 any evidence for 
alum

inum
 as a risk factor for AD

 

G
raves et al. 1990, Case-

control, U.S. 37
130 m

ale and fem
ale AD

 cases (m
ean age: 66.2 

years) diagnosed betw
een January 1980 and June 

1985 at one of tw
o clinics and m

atched w
ith 130 

controls w
ho w

ere friends or non-blood relatives 
of case, m

atched by age, sex, and the relationship 
betw

een the case and his or her surrogate

Alum
inium

- containing antiperspirant use on a 
regular basis (at least once a m

onth for one year 
prior to the reference year)

C
linical diagnosis, N

IN
C

D
S-

AD
RD

A
Age, fam

ily history of AD
, 

and prior episode of head 
traum

a

F
o

r 
a

lu
m

in
u

m
-c

o
n

ta
in

in
g 

antiperspirants, the overall adjusted 
O

R
 w

a
s 1

.6
 (9

5
%

 C
I:1

.0
4

-2
.4

) 
w

ith a trend tow
ard a higher risk w

ith 
increasing frequency of use (p for 
trend=

0.03) 

G
raves et al. 1998, Case-

control, U.S. 26
89 m

en and w
om

en (m
ean age: 76.8) identified 

from
 a large health m

aintenance organisation in 
Seattle, W

ashington, m
atched by age, sex, and type 

of inform
ant to 89 non-dem

ented controls

O
ccupational exposure to alum

inium
 &

 five classes 
of solvents w

as rated by an IH
 using inform

ation 
obtained from

 spouses of cases and controls (a 
life calendar m

apping the subjects’ life events from
 

1905 - 1992 w
as developed to guide inform

ants). 
IH

 w
as blinded to case-control status. Intensity &

 
duration of exposures w

ere m
easured 

N
IN

CD
S-AD

RD
A for probable AD

Age and education
N

on-significant associations w
ere found 

betw
een AD

 and ever having been 
occupationally exposed to solvents 
(O

R: 1.77; 95%
 CI: 0.81-3.90) and 

alum
inium

 (O
R: 1.46; 95%

 CI: 0.62-
3.42). An increasing risk w

as found 
w

ith increasing num
ber of years of 

exposure to solvents (p=
0.03)

G
un et al. 1997, Case-

control, Australia
27

170 m
ale and fem

ale AD
 patients aged 52- 96 

years clinically diagnosed at one of tw
o Sydney 

hospitals m
atched by age &

 sex to 170 m
edical-

practice-based controls	

Lifetim
e occupational exposure to solvents, 

alum
inium

, lead, m
ercury, and other agents 

assessed by a panel of IH
 blinded to case or control 

status, using occupational histories &
 the JEM

 of the 
U.S. N

IO
SH

. Cum
ulative exposures w

ere estim
ated

Clinical diagnosis, NINCDS-ADRDA 
for probable or possible AD 

Sex, education, and fam
ily 

history of AD
 

N
o statistically significant associations 

w
ere fo

u
n

d
 b

etw
een

 a
n

y o
f th

e 
occupational exposures and AD
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Reference, D
esign, C

ountry 
Study Population

Exposure Assessm
ent

AD
: D

iagnostic M
ethod, C

riteria 
C

onfounding Variables
M

ain Results

H
arm

anci et al. 2003, Case-
control, Turkey

28
57 m

ale and fem
ale AD

 patients aged ≥ 70 years 
w

ith 127 cognitively norm
al controls selected from

 
sam

e population as cases

Job held for the longest tim
e w

as recorded and EM
F 

exposure classified by the first author (blinded to the 
case or control status) according to the ISCO

-88. 
O

ccupations w
ere blindly regrouped into m

edium
 to 

high EM
F exposure

Clinical exam
ination, N

IN
CD

S-
AD

RD
A for probable AD

Education, rural or urban 
residence, m

edical history, 
drugs use, alcohol. O

ther 
variables not clearly stated

Exposure to occupational EM
F had an 

O
R of 4.02 (95%

 CI: 1.02-15.78). Use 
of electricity for residential heating also 
show

ed elevated risk (O
R: 2.77; 95%

 
CI: 1.12-6.85)

H
ayden et al. 2010, Cohort, 

U.S. 17
3

,0
8

4
 m

en and w
om

en from
 the agricultural 

com
m

unity of Cache County, Utah, aged 65 years 
and older in 1995 follow

ed for an average of 7.2 
years

Pesticides in general and four specific types of 
pesticides including organophosphates, carbam

ates, 
organochlorines (D

D
T), and m

ethyl brom
ides. 

R
esponses to occupational questionnaire w

ere 
coded by an occupational health nurse according 
to the D

ictionary of O
ccupational Titles. Participants 

w
ere classified as exposed if they endorsed any 

pesticide exposure. Frequency and duration of use 
w

ere ascertained

Clinical evaluation, D
SM

-III-R &
 

N
IN

CD
S-AD

RD
A

Baseline age, sex, education 
level in years, baseline 
M

odified M
M

SE score, and 
APO

E €4
 status

Increased risk of AD
 w

as found in 
pesticide-exposed individuals (H

R
: 

1.4; 95%
 CI: 1.06-1.91). The risk of 

AD
 associated w

ith organophosphate 
exposure (H

R
: 1

.5
3

; 9
5

%
C

I: 1
.0

5
-

2
.2

3
) w

as slightly higher than the 
risk associated w

ith organochlorines 
(H

R:1.49; 95%
 CI: 0.99-2.24)

Johansen C. 2000, Cohort, 
D

enm
ark

40
3

0
,6

3
1

 m
en and w

om
en aged 1

8
-6

6
 years 

em
ployed for m

ore than three m
onths in D

anish 
Utility Com

panies betw
een 1900 and 1993 w

ith an 
average follow

-up of 12.3 years

O
ccupational EM

F exposure assessed using JEM
. 

Average level of exposure of 5
0

-H
z EM

F w
as 

assigned to each com
bination of job title and 

w
ork area. This w

as in turn w
as grouped into five 

categories of exposure: background exposure 
(<

0.09 µT), low
 exposure (0.1-0.29 µT), m

edium
 

exposure (0.3-0.99 µT), high exposure (>
1.0 µT) 

and unknow
n exposure

The N
ational H

ospital D
ischarge 

Register, ICD
-8

Age, calendar period, and 
duration of em

ploym
ent

The incidence of AD
 w

as unrelated to 
exposure to EM

F

Jung et al. 2015, Cohort, 
Taiw

an
21

9
5

,6
9

0
 m

en and w
om

en retrieved from
 the 

longitudinal health insurance database 2,000, aged 
65 or older, follow

ed from
 2001-2010

Exposure to Particulate M
atter (PM

) and O
zone (O

3 ). 
D

ata w
as obtained from

 70 Taiw
an Environm

ental 
Protection Agency m

onitoring stations on Taiw
an’s 

m
ain island from

 2000-2010. PM
10  data w

as used 
to estim

ate the concentration of PM
2.5  during 2000-

2005

Individuals w
ith at least tw

o 
consensus diagnosis. C

riteria 
includes IC

D
-9

-C
M

 (C
linical 

M
o

d
ifica

tio
n

), D
S

M
-IV

 &
 

N
IN

CD
S-AD

RD
A

A
g

e, g
en

d
er, in

co
m

e, 
d

ia
b

e
te

s
 

m
e

llitu
s

, 
h

yp
erten

sive d
isea

se, 
m

yocardial infarction, stroke, 
asthm

a, and CO
PD

H
R

 of AD
 per 9

.6
3

 ppb increase in 
baseline O

3 =
1

.0
6

 (9
5

%
 C

I: 1
.0

0
-

1.12). H
R per increase of 10.91 ppb 

in O
3  during follow

-up=
3.12 (95%

 CI 
2.92-3.33). H

R of AD
 per 13.21 μg/m

3 
increase in baseline PM

2.5 =
1.03 (95%

 
CI: 0.95-1.11). H

R of AD
 per increase 

of 4.34 μg/m
3 in PM

2.5  during follow
-

up=
2.38 (95%

 CI: 2.21-2.56)

M
cLachlan et al. 1996, 

Case-control, Canada
29

Brains of 830 decedents w
ith neurodegenerative 

diseases and healthy controls donated by next of 
kin from

 m
any geographical areas to the CBTB for 

diagnostic and research purposes betw
een 1981 

and 1991 

Alum
inium

 in drinking w
ater:  m

easures of the 
concentrations of residual alum

inum
 in m

unicipal 
drinking w

ater supplies w
ere based on data 

provided by the O
ntario M

inistry of Environm
ent 

and Energy’s D
W

SP. Residence at the tim
e of death 

(available from
 clinical records) &

 a com
plete 

10-year residential history (obtained from
 a brief 

telephone questionnaire) w
ere estim

ated

D
onor brains, histopathologic 

criteria
N

ot defined
C

om
paring all AD

 cases (A1
 +

 A2
) 

w
ith all non-AD

 controls (C1 +
 C2), 

and using the Alum
inum

 level of public 
drinking w

ater at last residence before 
death, the estim

ated RR associated w
ith 

Alum
inum

 ≥ 100 µg/L w
as 1.7 (95%

 
CI: 1.2-2.5). Alum

inum
 exposure from

 
a 10-year w

eighted residential history 
resulted in estim

ates of relative risk of 
2.5 or greater

N
oonan et al. 2002, Case-

control, U.S. 30
1,556 cases 60 years or m

ore and 1,556 controls 
form

ed from
 am

ong recorded deaths of m
ales in the 

state of Colorado for the years 1987 through 1996

O
ccupational EM

F exposure assessed using three 
m

ethods: electrical versus nonelectrical occupations, 
three-tiered grouping of potential m

agnetic field 
exposure based on a com

bination of job title and 
industry, and categories of exposure based on the 
m

eans of the m
agnetic fields estim

ated from
 a JEM

D
eath certificate, ICD

-9
Age, race, and occupational 
grouping

N
o

 co
n

sisten
t a

sso
cia

tio
n

s w
ith 

m
agnetic fields w

ere observed for AD

Table 1. Study characteristics (continued).
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Reference, D
esign, C

ountry 
Study Population

Exposure Assessm
ent

AD
: D

iagnostic M
ethod, C

riteria 
C

onfounding Variables
M

ain Results

O
udin et al. 2016, Cohort, 

Sw
eden

20
1,806 m

en and w
om

en from
 the population-based 

Betula Study ≥ 55 years follow
ed over a 15-year 

period

Exposure to traffic-related air pollution. A land-use 
regression (LUR) m

odel for the study area - Um
eå 

w
as used to estim

ate the annual average levels 
of nitrogen oxides (N

O
x). Baseline exposure w

as 
categorized into: 4.8-9, >

9-17, >
17-26, >

26 μg/
m

3. H
R per 10 μg/m

3 increase in N
O

x w
as also 

estim
ated

D
SM

-IV
Education, physical activity, 
sm

oking, sex, B
M

I, W
H

R
, 

alcohol, age, and ApoE4

P
articipants in the group w

ith the 
highest (>

2
6

 μg/m
3) versus low

est 
exposure (4.8-9 μg/m

3) had H
R of 1.38 

(95%
 CI: 0.87- 2.19).  Third (>

17-
26 μg/m

3) versus low
est quartile had 

H
R of 1.51 (95%

 CI: 0.96- 2.37) and 
second (>

9-17μg/m
3) versus low

est 
quartile had H

R of 1.15 (95%
 CI: 0.72- 

1.86). H
R per 10 μg/m

3 increase in 
N

O
x w

as 1.05 (95%
 CI: 0.97-1.15)

Park et al. 2005, Case-
control, U.S. 31

D
eath certificate inform

ation for all deaths from
 

22 participating states in the years 1992-1998 
obtained using the N

ational O
ccupational M

ortality 
Surveillance System

. 4
7

,7
8

3
 deaths in m

en 
and w

om
en <

4
5

 to ≥ 8
5

 years w
ere caused or 

contributed to by AD

O
ccupational exposure to solvents assessed using 

a JEM
 validated for cancer studies. P

robability 
and intensity of exposure (classified as: none, 
low

, m
edium

, and high) w
ere estim

ated. For 
EM

F exposure, occupations w
ere classified on 

m
agnetic fields using a JEM

 developed for cancer 
epidem

iology. O
ccupations w

ith probable pesticide 
exposure found to have increased P

M
R

s per a 
previous study w

ere evaluated 

D
eath certificate, ICD

-9
Age, race, gender, region 
and socioeconom

ic status
Sm

all but significant linear associations 
w

ere observed for solvents and AD
 

(M
O

R
: 1

.0
9

, evaluated at highest 
exposure category; 9

5
%

 C
I:1

.0
3

-
1.15). 60 H

z m
agnetic fields exhibited 

significant exposure-response for AD
 

(M
O

R: 1.12; 95%
 CI: 1.05-1.20). The 

association betw
een pesticides and 

AD
 w

as strongest in farm
ers below

 65 
(M

O
R: 1.76; 95%

 CI: 1.04-2.81)

Q
iu et al. 2004, Cohort, 

Sw
eden

41
Study population w

as derived from
 the Kungsholm

en 
Project. Included 931 m

en and w
om

en ≥ 75 years 
follow

ed for m
axim

um
 8.3 years

O
ccupational EM

F assessed by IH
 w

ith no 
know

ledge of subjects’ disease status. Three 
m

ethods used: JEM
, direct m

easurem
ents, and 

expert estim
ation

M
edical records and death 

certificates, N
IN

CD
S-AD

RD
A

Age, education, vascular 
disease, Apo E genotype), 
alcohol, sm

oking, m
ental 

activity, and social activity

Am
ong m

en, EM
F exposure ≥ 0.2 µT in 

lifetim
e principal job w

as related to RR 
of 2.3 (95%

 CI: 1.0-5.1) for AD
. N

o 
association w

as found in w
om

en

Rondeau et al. 2009, 
Cohort, France

18
1,925 m

en and w
om

en (from
 the PAQ

UID
 cohort) 

aged 65 years or over living in 91 civil drinking-
w

ater areas in southern France follow
ed for 15 years

Alum
inum

 in drinking w
ater based on geographic 

and individual exposure (over the previous 1
0 

years), taking into account daily consum
ption of tap 

w
ater and bottled w

ater

Assessed by senior neurologist, 
N

IN
CD

S-AD
RD

A
Age, gender, educational 
level, w

ine consum
ption, 

and place of residence

Analyses restricted to cases classified 
as AD

 (3
6

4
 cases) suggested a 

deleterious effect of high alum
inum

 
intake. D

aily alum
inium

 consum
ption of 

>
0.1 vs <

0.1 m
g/day w

as associated 
w

ith RR of 2.80 (95%
 CI: 1.24-6.32)  

Salib, E. and V. H
illier 1996, 

Case-control, UK
32

1
9

8
 unm

atched cases of AD
 and control (1

6
4 

other dem
entias and 176 non-dem

enting group). 
The subjects included all m

ale and fem
ale patients 

referred to and seen by the psychogeriatrician during 
a 2-year study period

O
ccupational Alum

inium
 exposure obtained using a 

questionnaire that contained a broad classification 
of occupation by industry type

C
linical evaluation, N

IN
C

D
S-

AD
RD

A for probable or possible 
AD

Age, sex, age of onset, 
duration of condition and 
duration of w

ork and fam
ily 

history of dem
entia

Alum
inium

 w
orkers reported to have 

w
orked in direct contact w

ith alum
inium

 
dust and fum

es did not appear to be at 
any greater risk than other w

orkers w
ho 

w
ere em

ployed at the sam
e factory (O

R: 
1.19; 95%

CI: 0.64-4.18)

Savitz et al. 1998, Case-
control, U.S. 33

Study population com
prised deaths in the period 

1985-1991 am
ong m

en 20+
 years of age w

ho 
resided in one of 25 U.S. states. 256 AD

 cases w
ere 

m
atched 1:3 w

ith controls w
ho died from

 causes 
excluding leukaem

ia and brain cancer

O
ccupational EM

F exposure based on specific 
electrical occupation reported on the death certificate 

D
eath certificate, ICD

-9
Age, calendar year, social 
class, and race

Significant associations w
ere found for 

electricians and pow
er plant operators 

(O
R

: 1
.4

; 9
5

%
 C

I: 1
.1

-1
.7

 a
n

d 
O

R:2.6; 95%
 CI: 1.3-5.1 respectively) 

Savitz et al. 1998, Cohort, 
U.S. 43

M
en at five large U.S. electric utility com

panies w
ho 

w
orked for at least 6 m

onths betw
een 1950 and 

1986. D
eath certificates for 20,068 deceased m

en 
w

ere obtained. AD
 w

as indicated in 56 deaths. 
M

edian age at the tim
e of death w

as 78 years

O
ccupational EM

F exposure assessed as duration 
of w

ork in exposed jobs and through an index 
of cum

ulative exposure based on m
agnetic field 

m
easurem

ents

D
eath certificate, ICD

-9
A

g
e

, c
a

le
n

d
a

r y
e

a
r, 

social class, w
ork status, 

polychlorinated biphenyl 
exposure and solvent exposure

AD
 w

as w
eakly associated w

ith duration 
of em

ploym
ent in jobs associated w

ith 
elevated m

agnetic field exposure

Table 1. Study characteristics (continued).
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Reference, D
esign, C

ountry 
Study Population

Exposure Assessm
ent

AD
: D

iagnostic M
ethod, C

riteria 
C

onfounding Variables
M

ain Results

Shalat et al. 1988, Case-
control, U.S. 22

98 m
ale cases obtained from

 hospitals m
atched by 

sex, year of birth, and tow
n of residence w

ith 162 
population controls

O
ccupational exposure to organic solvent and lead 

obtained through direct questions/questionnaire. 
Three IH

s blinded to study hypothesis assigned 
likelihood and a sem

i-quantitative level of exposure

C
linical diagnosis, N

IN
C

D
S-

AD
RD

A &
 D

SM
-III

Years of education
Those w

ith significant w
orkplace 

exposure to organic solvent and lead 
had no appreciable excess risk of AD

Sobel et al. 1995, Case-
control, Finland and U.S. 34

Three independent clinical series and controls 
(Finnish series 1

 &
 2

, U
SC

 AD
R

C
 series). 5

3
, 

198, 136 m
ale and fem

ale cases w
ere com

pared 
w

ith 70, 299, 136 controls for the three series 
respectively. Ascertainm

ent periods w
ere 1982-

1985, 1977-1978, and 1982-1993 respectively

Lifetim
e occupational EM

F exposure evaluated 
by an IH

 from
 prim

ary occupations. Predom
inant 

occupations am
ong m

edium
 (2-10 m

G
 or >

10 
m

G
 interm

ittently) to high (>
10 m

G
 or >

100 m
G

 
interm

ittently) exposed cases w
ere seam

stress, 
dressm

aker, and tailor

M
edical records and clinical 

exam
ination, N

IN
C

D
S-AD

R
D

A 
and criteria of Roth

Age at onset, age at 
exam

ination, sex, education 
and social class

The adjusted O
R for all cases/controls 

w
as 2.9 (95%

 CI: 1.6-5.4). Adjusted OR 
w

as 3.9 (95%
 CI: 1.7-8.6) for w

om
en 

and 1.9 (95%
 CI: 0.8-5.0) for m

en

Sobel et al. 1996, Case-
control, U.S. 35

326 m
ale and fem

ale cases from
 AD

D
TC at RLAM

C 
w

ho w
ere at least age 65 at the tim

e of their first 
exam

ination at RLAM
C com

pared w
ith 152 controls 

w
ho had cognitive im

pairm
ent/ dem

entia other than 
vascular dem

entia

O
ccupational EM

F exposure m
easured per previous 

study (Sobel et al. 1995). Prim
ary occupation w

as 
obtained from

 hospital records

Clinical exam
ination, N

IN
CD

S-
AD

RD
A for probable or definite AD

Age at onset, age at diagnosis, 
sex, and education

EM
F w

as found to be etiologically 
associated w

ith the occurrence of AD
. 

The adjusted O
R for both sexes w

as 
3.93 (95%

 CI: 1.5-10.6). For m
ales 

the adjusted O
R w

as 4.90 (95%
 CI: 

1.3-7.91), and for fem
ales the adjusted 

O
R w

as 3.40 (95%
 CI: 0.8-16.0)

Sorahan et al. 2014, 
Cohort, UK

19
73,051 m

ale and fem
ale em

ployees of the form
er 

Central Electricity Generating Board em
ployed for at least 

six m
onths. Investigated for the period 1973-2010

O
ccupational EM

F exposure based on lifetim
e, 

recent or distant exposure. M
ethods sum

m
arized in 

an earlier com
panion article  

D
eath certificate, ICD

-9 or 10
Sex, attained age, calendar 
period (5 year periods) and 
socio-econom

ic status

N
o statistically significant trends w

ere 
show

n for risks of AD
 to increase w

ith 
estim

ates of lifetim
e, recent or distant 

exposure to EM
F

The Canadian Study of 
H

ealth and Aging 1994, 
Case-control, Canada

38

258 m
ale and fem

ale cases aged 65 or older w
ith 

onset of sym
ptom

s w
ithin 3 years of diagnosis 

and 535 population controls frequency m
atched 

on age group, and residence, confirm
ed to be 

cognitively norm
al 

Environm
ental exposure to m

ultiple agents 
including pesticides w

ere assessed using risk factor 
questionnaires

Clinical exam
ination, N

IN
CD

S-
AD

RD
A for probable AD

A
g

e, sex, resid
en

ce in 
com

m
unity or institution, 

and education

O
ccupational exposure to glues as w

ell 
as to pesticides and fertilizers appeared 
to be risk factors for AD

; how
ever, 

w
hen education w

as controlled for, the 
strength of association dim

inished.  
Association betw

een al-containing 
antiperspirant use and AD

 w
as not 

significant

Tyas et al. 2
0

0
1

, 
C

ohort, C
anada

4
2

6
9

4
 cognitively intact m

en and w
om

en (from
 

the M
anitoba Study of H

ealth and Ageing) ≥ 65 
years w

ho com
pleted a risk factor questionnaire in 

1991/92 and follow
ed for 5 years. 36 developed AD

 

M
ethod for assessing occupational exposure to 

fum
igants/defoliants and recreational exposure to 

other agents not defined

Clinical assessm
ent, N

IN
CD

S-
ADRDA for possible or probable AD

Age, sex, and education
O

ccupational exposure to fum
igants/

defoliants w
as a significant risk factor 

for AD
 (R

R
: 4

.3
5

; 9
5

%
 C

I: 1
.0

5
-

17.90). N
o significant association w

as 
found betw

een AD
 and recreational 

exposures to pesticides/herbicides, 
turpentine, paints/stains/lacquers, 
aerosol or spray paints, paint rem

over, 
film

 developing fluids, dyes, plastic 
cem

ent/glues, plastic resins, epoxy 
resins, and fuels/gas/petroleum

 

W
ang et al. 1997, Case-

control, Taiw
an

36
98 m

ale and fem
ale AD

 patients aged 55 years and 
older, regularly follow

ed up during the study period 
(July, 1994-June, 1996). Cases w

ere age- and 
sex-m

atched w
ith 98 genetically unrelated controls 

M
ethod for assessing P

esticide exposure not 
defined. Risk factor questionnaire w

as adm
inistered 

by trained interview
ers

Clinical assessm
ent, N

IN
CD

S-
AD

RD
A

N
ot defined

Pesticide exposure show
ed no significant 

association w
ith AD

Table 1. Study characteristics (continued).
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Reference, D
esign, C

ountry 
Study Population

Exposure Assessm
ent

AD
: D

iagnostic M
ethod, C

riteria 
C

onfounding Variables
M

ain Results

Yam
ada et al. 2009, Cohort, 

Japan
15

2,286 m
ale and fem

ale subjects (m
em

bers of the 
Adult H

ealth Study cohort) w
ho w

ere non-dem
ented 

and aged ≥ 60 years at baseline exam
ination and 

had been exposed at ≥ 13 years of age to a relatively 
low

 dose (≤ 4 G
y). M

ean study period: 5.9 years

Exposure to atom
ic bom

b radiation (individual brain 
dose based on RERF's D

osim
etry System

 2002). 
Radiation dose w

as estim
ated as w

eighted sum
s 

of gam
m

a ray and neutron com
ponents in G

y, 
and divided into three categories: <

5 m
G

y (non-
exposed), 5-499 m

G
y, and ≥ 500 m

G
y

C
linical evaluation, N

IN
C

D
S-

AD
R

D
A for probable AD

 and 
possible AD

A
g

e
, s

e
x

, e
d

u
c

a
tio

n
, 

B
M

I, sm
oking, drinking, 

m
enopausal age, history of 

hypertension, diabetes, and 
stroke

After adjustm
ent for potential risk 

factors, radiation exposure did not affect 
the incidence rate of AD

AD
, Alzheim

er’s disease; ELF-M
F, extrem

ely low
-frequency m

agnetic fields; EM
F, electrom

agnetic fields; O
R, odds ratio; CI, confidence interval; H

R, hazard ratio; RR, relative risk; JEM
, job-exposure m

atrix; IH
, industrial hygienist; N

IO
SH

, N
ational Institute 

for O
ccupational Safety and H

ealth; ISCO
, International Standard Classification of O

ccupations; CBTB, Canadian Brain Tissue Bank; D
W

SP, D
rinking W

ater Surveillance Program
; CO

PD
, Chronic O

bstructive Pulm
onary D

isease; BM
I, Body M

ass Index; W
H

R, 
w

aist-hip ratio; A1 +
 A2, decedents w

ith a clinical history of dem
entia and the histopathologic findings suggestive of AD

 and decedents w
ith clinical dem

entia and AD
 pathology coexisting w

ith som
e other neuropathologic process; C1 +

 C2, decedents w
ith 

no histopathology plus a second group com
posed of decedents w

ith H
untington’s disease, schizophrenia, m

ultiple sclerosis, m
ultiple infarcts, Jakob-Creutzfeldt disease, and other neurodegenerative diseases for w

hich alum
inum

 has never been im
plicated; 

PM
R, proportionate m

ortality ratio; PAQ
UID

, Personnes aˆge´es Q
uid; USC AD

RC, University of Southern California site of the Alzheim
er's D

isease Research Center of Los Angeles and O
range Counties; AD

D
TC at RLAM

C, Alzheim
er D

isease Treatm
ent and 

D
iagnostic Center, Rancho Los Am

igos M
edical Center; RERF, Radiation Effects Research Foundation.

Table 1. Study characteristics (continued).

Table 2. M
ethodological quality of eligible cohort studies.

C
riteria (C

ohort Studies)
Feychting et 
al. 2003

39
H

ayden et al. 
2010

17
Johansen C

. 
2000

40
Jung et al. 

2015
21

O
udin et al. 
2016

20
Q

iu et al. 
2004

41
Rondeau et al. 

2009
18

Savitz et al. 
1998

43
Sorahan et al. 

2014
19

Tyas et al. 
2001

42
Yam

ada et al. 
2009

15

1.   Research question clearly stated
Yes

Yes
Yes

Yes
 Yes

 Yes
 Yes

Yes
 Yes

 Yes
 Yes

2.   Study population clearly defined
Yes

Yes
Yes

Yes
 Yes

 Yes
 Yes

Yes
 Yes

 Yes
 Yes

3.   Participation rate at least 50%
Yes

Yes
Yes

Yes
 Yes

 Yes
 Yes

Yes
 Yes

 Yes
 Yes

4. �  �Subjects recruited from
 sam

e population/ 
uniform

 eligibility criteria 
Yes

Yes
Yes

Yes
 Yes

 Yes
 Yes

Yes
 Yes

 Yes
 Yes

5.   Sam
ple size justification 

N
o

N
o

N
o

Yes
 N

o
 N

o
 N

o
N

o
N

o
N

o
N

o

6. �  �Exposure assessed prior to outcom
e 

m
easurem

ent
Yes

Yes
Yes

N
o

 Yes
 Yes

 Yes
Yes

Yes
Yes

Yes

7.   Sufficient tim
efram

e to see an effect
Yes

Yes
Yes

Yes
 Yes

 Yes
 Yes

Yes
Yes

Yes
Yes

8. �  �D
ifferent levels of the exposure of interest 

assessed
Yes

N
o

Yes
Yes

 Yes
 Yes

 Yes
Yes

Yes
N

o
Yes

9. �  �Exposure m
easures and assessm

ent clearly 
defined

Yes
N

o
Yes

Yes
 Yes

 Yes
 Yes

Yes
Yes

N
o

Yes

10. Repeated exposure assessm
ent

Yes
N

o
N

o
Yes

 N
o

 N
o

 Yes
Yes

Yes
N

o
N

o

11. O
utcom

e m
easures clearly defined

Yes
Yes

Yes
Yes

 Yes
 Yes

 Yes
Yes

Yes
Yes

Yes

12. Blinding of outcom
e assessors

N
o

N
o

N
o

N
o

 Yes
 N

o
 N

o
N

o
N

o
N

o
N

o

13. M
inim

al loss to follow
-up (20%

 or less)
Yes

Yes
Yes

Yes
 Yes

 Yes
 Yes

Yes
Yes

Yes
Yes

14. �Adjusted for key potential confounding variables 
(i.e. age)

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes

Percentage of “Yes” per study (%
)

12/14=
85.71

9/14=
64.29

11/14=
78.57

12/14=
85.71

12/14=
85.71

11/14=
78.57

12/14=
85.71

12/14=
85.71

12/14=
85.71

9/14=
64.29

11/14=
78.57
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Table 3. M
ethodological quality of eligible case control studies.

Criteria (Case-Control 
Studies)

Andel et al. 
2010

16
Forster et al. 

1995
23

G
authier et 

al. 2001
24

G
illette-

G
uyonnet et 

al. 2005
25

G
raves et 

al. 1990
37

G
raves et 

al. 1998
26

G
un et al. 
1997

27
H

arm
anci et 

al. 2003
28

M
cLachlan 
et al. 

1996
29

N
oonan et 

al. 2002
30

Park et al. 
2005

31

Salib and 
H

illier 
1996

32

Savitz et al. 
1998

33
Shalat et al. 

1988
22

Sobel et al. 
1995

34
Sobel et al. 

1996
35

*CSH
A 

1994
38

W
ang et al. 
1997

36

1.   �Research question 
clearly stated

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

2.   �Study population 
clearly defined

Yes
Yes

Yes
Yes

Yes
Yes

N
o

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
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found slightly higher AD risks in EMF-exposed 
subjects, the reported strengths of association are 
generally in keeping with two recent meta-analyses 
conducted in 2008 and 2013.44,45 In the 2008 meta-
analysis, pooled estimates from nine case-control 
and five cohort studies showed a stronger association 
between EMF exposure and AD compared with the 
meta-analysis conducted in 2013; pooled estimates in 
the 2013 study were from 13 case-control studies and 
six cohort studies. 

Regarding exposure to metals, aluminum was the 
most commonly studied. Aluminum is a widely known 
neurotoxin and has been shown to have toxic effects 
on the central nervous system; however, its role in 
the etiology of AD remains unclear. Results from 
three studies showed that high intake of aluminum 
from drinking water and frequent use of aluminum 
containing products such as antiperspirants was 
associated with an increased risk of AD.18,29,37 Overall, 
the low number of studies on other metals (such 
as lead and mercury) makes definitive conclusions 
on their impact on AD risk difficult. Exposure to 
pesticides was found to be a significant risk factor 
for AD. In one study, the authors found an increased 
risk of AD that was more evident in persons with 
occupat ional  exposure to organophosphate 
pesticides.17 Another study found a risk of AD that 
was over four times higher among subjects with 
occupational exposure to two types of pesticides-
fumigants and defoliants.42 Occupational exposure 
to other types of pesticides (such as herbicides and 
insecticides) was not found to increase AD risk. In 
one of the studies on solvent exposure, an increasing 
risk of AD was found with increasing number of years 

No s ign i f i cant  assoc ia t ions  were  found fo r 
occupational exposures to lead22,27 and mercury.27 
Results from a study involving individual from the 
Adult Health Study Cohort in Hiroshima did not 
provide any support for a possible relationship 
between radiation exposure and AD.15 

4. DISCUSSION

4.1.  Summary of Findings

Our review identif ied a broad group of toxic 
environmental risk factors for AD reported in 29 
studies. Unlike previous reviews and meta-analyses, 
which either focused on one environmental factor 
or occupational exposure(s),44-46 our review explored 
exposure to several risk factors in and outside the 
work environment. Of all the risk factors identified, 
EMF was the most commonly studied. EMF has 
been reported to affect several processes within the 
body including calcium homeostasis and melatonin 
production in the brain but the exact mechanism 
via which it causes AD is still not known.47-49 In our 
review, eight out of 12 studies found EMF to be a 
significant risk factor for developing AD. The earliest 
studies investigating the link between EMF and 
AD were conducted in 1995 and 1996 by Sobel 
et al.34,35 Compared to individuals with none to 
low EMF exposure, the authors found the odds of 
occupational exposure to medium to high EMF to be 
two to three times higher among subjects with AD. 
Similar magnitude of association were reported in 
subsequent studies.28,31,33,39,41,43

Although some of the studies included in this review 

Records identified from PubMed
search: 7,434

Records retrieved for second
appraisal: 343

Full-text articles assessed
for eligibility: 110

Studies included in final
analysis: 29

Records excluded on first appraisal of title and 
abstract: not related to Alzheimer's disease or 
environmental exposure of interest, no abstract, 
duplicate publication (n=7,091)

Records excluded on second appraisal based on: 
study design (n=77), study population (n=103), 
environmental exposure (n=53)

Full-text articles excluded based on: study design (n 
=1), study population (n=1), environmental exposure 
(n=72), diagnostic criteria for AD (n=2), duplicate 
cohort (n=7)

Reference list search: 2

Figure 1. Flow diagram showing how articles were selected.
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DNA sequence.57 Epigenetic modifications especially 
those related to DNA methylation may explain the link 
between environmental risk factors and late-onset AD. 
Several AD-related genes contain methylated CpG 
sites (sites where cytosine lies next to guanine in the 
DNA sequence) in their promoter regions.58 Low levels 
of methylation at these regions have been implicated 
in the etiology of AD.59 For instance, demethylation 
in the promoter region of the APP gene was found to 
be associated with amyloid-β deposition in the aged 
brain.60 Two post-mortem studies found a significant 
decrease in DNA methylation in the hippocampus 
and entorhinal cortex of post-mortem samples with 
AD.61,62 Furthermore, recent reviews of the scientific 
literature have found a correlation between toxic 
environmental factors and decreased levels of DNA 
methylation.63,64 Studies have also suggested that 
early exposure to metals such as lead could result in 
epigenetic modifications of AD-related genes and 
subsequent dysregulated expression later in life.65  

Despite the emergence of new information on 
the possible link between specific groups of toxic 
exposures and AD, research on toxic environmental 
agents in general and their role in the etiology of AD 
appears to have declined over the years. In our review 
for example, only seven out of 29 selected studies were 
published within the last decade. The level of evidence 
observed in some of the selected studies appear to 
be high and should not be ignored. Rather, necessary 
precautions should be taken in settings where the risk 
of exposure to implicated toxic environmental agents is 
high. There is no doubt that more studies are needed 
to validate the evidence seen. 

4.2.  Limitations in the Original Studies 

We identified key methodological issues that may 
have resulted in inconsistencies in findings across 
studies. These issues need to be addressed in future 
studies to facilitate interpretation of study results and 
more importantly, to improve the validity of study 
results. 

We found that measurement of exposure levels 
was a challenge in most studies. The methods used 
to assess the different exposure levels were fairly 
inconsistent across studies. For some studies, the 
degree of exposure was based on assumptions made 
by the investigators or an expert and in others, the 
methods used to determine the level of exposure was 
not clearly stated. For instance, in Sobel et al. (1995), 
probable exposure to ELF-MF for each occupation 
was blindly assessed by a certified industrial hygienist 
and by direct measurement of magnetic fields while 
in the population-based study of Swedish Twins, 
occupational exposure to ELF-MF was determined 
from a job exposure matrix which was based on 
workday measurements of magnetic fields obtained 
from a specific population.16

of exposure to solvents.26 In another study, small 
but significant linear associations were observed for 
solvents and AD.31

Evidence is now emerging of a possible l ink 
between air pollution, second-hand smoke and 
neurodegenerative conditions, including AD.46 
In  var ious studies,  a i r  pol lutants  have been 
demonstrated to trigger chronic oxidative stress, a 
mechanism involved in the pathogenesis of AD.50 In 
a study conducted using autopsy brain samples from 
Mexican subjects, exposure to severe air pollution 
was found to be associated with brain inflammation 
and accumulation of amyloid-β 42, known causes of 
neuronal dysfunction that precede the appearance of 
neuritic plaques and neurofibrillary tangles which are 
neuropathological hallmarks of AD.51 Similarly, Maher 
et al found magnetite, an airborne nanoparticle, in 
fresh frozen brain tissues of 38 individuals who lived in 
two major cities in the United Kingdom and Mexico.9 
Magnetite exposure has been linked to oxidative 
damage in brain cells especially in the presence 
of amyloid-β protein.9,52 We identified two eligible 
studies on air pollution and AD. Results from one of 
the studies, a population-based study which used 
data from 70 Taiwan Environmental Protection Agency 
(EPA) monitoring station on Taiwan’s main island, 
suggest that long-term exposure to ozone and PM2.5 
above the current U.S. EPA standards are associated 
with increased risk of AD.21 The second study, 
involving participants from a major city in Sweden, 
found non-significant associations between traffic air 
pollution (NOx levels) and AD.20 

Regarding second-hand smoke (SHS) and AD, studies 
have suggested a cardiovascular disease-related 
mechanism similar to that seen with smoking.53,54 We 
identified a large population-based cross-sectional 
study of never-smoked people in China. The result 
showed a significant risk for AD following exposure 
to SHS at home and in the workplace.55 In a US-
based study examining the association between self-
reported lifetime household SHS exposure and risk 
of incident dementia, the authors found that subjects 
with over 25 years of SHS exposure and greater than 
25% carotid artery stenosis had a three-fold increase 
in dementia risk compared with subjects with no to 
low (i.e., 0-15 years) SHS exposure. Most (64%) of 
the subjects with dementia had AD. Moderate (16-
25 years) and high (>25 years) SHS exposure levels, 
however, were not independently associated with 
dementia risk.56 These findings, if substantiated, have 
significant public health implications because of the 
endemicity of SHS as well as the close relationship 
between air pollution and climate change. 

Evidence is also emerging on the role of epigenetic 
mechanisms in the development of neurodegenerative 
diseases. Epigenetics involve heritable changes in 
gene expression that occur without changes in the 
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approach is often difficult given the inter-individual 
variability in the toxicokinetics of the different toxic 
environmental agents and the challenges in obtaining 
and processing tissue samples especially from a 
large group of participants. Given that case-control 
studies are prone to recall bias and do not usually 
allow the determination of exposure prior to the 
outcome of interest, we recommend that researchers 
conduct cohort studies that involve large numbers of 
individuals followed for adequate periods of time.

4.3.  Limitations of Review

Since the literature search was conducted in one 
electronic database, our search may have missed 
publications that could significantly impact our 
findings. Having this in mind, we used a search 
strategy that will allow us retrieve as many relevant 
articles as possible from the database. We also 
supplemented our search with a manual search of 
the reference lists of eligible articles. Although our 
original aim was to combine the results from eligible 
studies in a meta-analysis, this method would not 
have been appropriate given the variation in the 
assessment of exposure as described above.

5. CONCLUSION

Our review highlights important evidence on the role 
of toxic environmental factors in the development of 
AD. We identified 29 eligible studies which focused 
on exposure to several toxic environmental factors 
mostly in the work setting. Of all the risk factors 
identified, the evidence was mostly significant for 
exposure to EMF. In light of this evidence, it is 
important to further explore the relationship between 
EMF exposure and AD given that humans are exposed 
to some amounts of EMF on a daily basis. Significant 
associations were also found for aluminum, pesticides, 
and solvents exposure. Overall, more work is needed 
to substantiate existing evidence on the possible 
role of toxic environmental risk factors in the etiology 
of AD. Research efforts should focus on designing 
high quality longitudinal studies that will facilitate 
appropriate definition and accurate measurement of 
exposures, ensure adequate follow-up given the long 
latency period between environmental exposures and 
development of AD, and limit potential sources of bias 
at study design level or during analysis of collected 
data. More epigenetic studies are also needed to 
determine the pathophysiologic mechanisms by which 
environmental factors cause AD.   
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