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Abstract

Essential tremor (ET) is one of the most common adult movement disorders,
characterized by clinical tremor and other nonmotor symptoms. It is a progres-
sive disease that shares features with other neurodegenerative diseases. ET is a
complex disease with both genetic and environmental underpinnings. While
genetic forms of ET are well recognized, the role of environmental and lifestyle
factors in ET has been debated. Studies suggest that exposure to neurotoxic
compounds such as f-carboline alkaloids and ethanol are potential risk factors
for ET, while antioxidant intake may be protective. In addition, smoking acts
as a protective factor in ET, parallel to its effects in other neurological diseases.
New evidence points to pesticide and lead exposure as potential risk factors.
There is growing evidence to suggest that environmental and lifestyle factors
play a role in ET but additional research is needed in order to completely
understand their cause and effect association. There is also a need for larger
case-control and prospective cohort studies across different populations to fur-

ther evaluate the etiological importance of these factors in ET.

doi: 10.1002/acn3.758

Introduction to Essential Tremor

Essential tremor (ET) is a chronic neurological disease
more prevalent among the elderly. It is one of the most
common adult movement disorders, with reported pooled
prevalence of 0.9% across all ages, 4.6-6.3% above age
6065, and up to 21.7% above age 95." ET is character-
ized by action or postural tremors at frequencies 4—
12 Hz,> most commonly involving upper limbs, but also
the head, face or jaw, trunk, and lower limbs.>” Besides
tremor, ET patients may also exhibit signs of cerebellar
involvement, including gait ataxia and vestibulocerebellar
involvement.”*

While well recognized as a movement disorder, increas-
ing evidence suggests associations with nonmotor symp-
toms including cognitive,”® psychiatric,”® and sensory
symptoms including hearing and olfactory impairment,”'°
dementia,"'? anxiety, depression, and personality
changes.'>'* The heterogeneity of clinical presentations
suggests that ET is a more complex clinical syndrome
with a defining feature of action tremor as opposed to a
monosymptomatic disorder, although kinetic tremors

remain a core feature. While genetic forms of ET are well
recognized, the role of environmental and lifestyle factors
in ET has been debated. Several emerging studies have
examined associations between environmental, lifestyle
factors, and ET. We provide a concise and focused review
of the current knowledge of lifestyle and environmental
factors in ET, highlight potential new trends and areas of
focus for future studies.

Pathophysiology of ET

The pathophysiology of ET has been debated. Some stud-
ies establish evidence of a degenerative process, while
others suggest functional dysregulation of neuronal trans-
mission. Postmortem studies report two main subgroups
of pathology, one with the presence of Lewy bodies in the
brainstem, and the other without Lewy bodies but with
degenerative changes of the cerebellum, marked by Purk-
inje cells loss and axonal swelling."'® Some hypothesized
that Purkinje cell pathology may be part of the cellular
cascade leading to ET," causing remodeling of the cere-
bellar cortex leading to cerebellar degeneration.'”
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The presence of Lewy bodies and protein aggregation in
brain tissue'® supports an anatomical basis for clinical simi-
larities between ET and Parkinson’s disease (PD) (such as
common feature of tremor), although Lewy bodies are
reported only in a small proportion of ET patients.'"” ET
patients are more likely to develop PD compared to healthy
individuals,”® suggesting that early cellular degenerative
changes may be common to both diseases. Neuroimaging
has demonstrated iron accumulation in basal ganglia of ET
patients,”! a finding that has been similarly observed in
other neurodegenerative diseases including PD.

Genetic Contribution in ET

The genetics basis of ET has been supported by evidence
of heredity in familial ET. Linkage studies have mapped
susceptibility loci at gene regions on chromosome 3ql3
(ETM1) in Icelandic families,”®> chromosome 2p22-25
(ETM2) in American families,”> and chromosome 6p23 in
North American families (ETM3).>* Genome-wide associ-
ation studies identified mutations in the Leucine-rich
repeat and Ig domain-containing Nogo receptor interact-
ing protein-1 gene (LINGO1)* and solute carrier family
1-glial affinity glutamate transporter-member 2 (SLC1A2)
gene.”® Exome sequencing studies identified mutations in
the fused in sarcoma/translated in liposarcoma (FUS/TLS)
gene in a Canadian family,”” the HTRA2 gene in a Turk-
ish family,”® and variants of TENM4 gene in the Spanish
population. Current studies suggest an autosomal domi-
nant inheritance pattern with low penetrance in familial
ET, and a non-Mendelian pattern, for example, multifac-
torial inheritance in sporadic ET.” Inherited neurological
channelopathies may also contribute to disease pathogen-
esis, supported with recent functional data.’’ Despite the
strong hereditary component in monogenic ET, few dis-
ease genetic variants have been identified. The presence of
complex non-Mendelian inheritance patterns or environ-
mental confounding may be contributing factors.

Environmental and Lifestyle Effects
on ET

Nongenetic factors may have significant effects on ET, sug-
gested by the high preponderance of ET cases without family
history or affected relatives, together with reported 60—63%
concordance in monozygotic twins in twin studies.’**?

Lifestyle and environmental factors are known to play an
important role in other neurological disorders. Earlier stud-
ies in ET have investigated effects of dietary factors includ-
ing f-carboline alkaloids, meat, caffeine, and alcohol
intake, as well as smoking habits and occupational toxin
exposures of pesticides and solvents (Fig. 1).
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Lifestyle factors
Diet

Diet is a key component of life. The effects of fS-carbo-
line alkaloids found in meat and dietary antioxidants
have been studied with no clear conclusion. New evi-
dence suggests that ethanol, previously thought to have
tremor-relieving effects, may be a risk factor as a cere-
bellar toxin. Evidence on the protective effects of caf-
feine consumption remains inconclusive. The studies on
dietary components
(Tables 1 and 2).

in ET have been summarized

p-carboline alkaloids and meat consumption

p-carboline alkaloids are a class of highly neurotoxic
compounds. Harmaline is primarily used to generate tre-
mors in animal models for ET.>* Harmane, which has
tremor-producing effects,” is the most abundant dietary
p-alkaloid found in meat, and also the most potent and
well studied of these compounds.

Studies showed a clear association between blood har-
mane concentration and ET, with higher concentrations
found in cases compared to controls.>**® Harmane levels
were associated with disease severity, measured by tremor
severity and olfactory deficit.”® Further studies supported
the neurotoxic action of harmane in brain tissue by corre-
lating brain harmane concentrations with ET.* Blood
harmane concentration was a significant predictor of cere-
bellar N-acetylaspartate/total creatine (NAA/tCr), an MRI
neuroimaging marker indicating cerebellar neuronal
degeneration.*!

However, associations with dietary f-carboline alkaloid
consumption were less established. The main source of
p-carboline alkaloids is in one’s diet, with dietary intake
being 50 times greater than endogenous production,*
and cooking at high temperatures leads to increased
concentrations in foods.*>** However, dietary studies
showed no difference in animal protein intake in ET.*
A later study by the same group reported higher total
meat consumption in male ET cases compared to con-
trols but not in women.** These findings may be influ-
enced by higher meat intake in the male population, or
suggest that relative dietary contributions of meat to dis-
ease pathogenesis may differ between men and women.
The authors reported no significant difference in meat
doneness level, suggesting that the effect of heat on
cooking may not be significant.*® These studies failed to
identify any clear correlation between animal protein
consumption and blood harmane concentrations,* sug-
gesting that dietary protein consumption may not be the
ideal surrogate measure for biological levels of harmane
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Figure 1. Complex genetic and environmental factors affecting essential tremor.

in the body. The lack of association with dietary har-
mane suggests that it may be useful to focus on the
effects of its metabolism.

The cross-sectional study design of existing studies do
not account for prediagnosis diet in ET cases. Addition-
ally, dietary data were captured with the Food Frequency
Questionnaire, which is reflective of current diet but not
past diet. This may be addressed with future cohort stud-
ies collecting more comprehensive dietary data before
incidence of ET.

Antioxidants

The diet represents the main source of antioxidants in the
human body. Prominent antioxidants include Vitamins C
and E, f-carotene, and coenzyme Q. Dietary antioxidants
may have a protective effect on some neurodegenerative
diseases.”” > However, its role in ET has not been studied
in detail.

Direct antioxidant consumption of vitamins C and E
was not significantly different between ET and healthy
controls.”’ In contrast to isolated dietary antioxidant
components, the evaluation of composite diets may prove

to be more promising. Higher adherence to the Mediter-
ranean composite diet, known for its high antioxidant
content, was associated with lower odds of ET (OR [0.78
(0.61-0.99)].>% Additionally, subjects in the highest tertile
of diet adherence had lower ET risk.’' Assessment of
whole diets may be more effective in capturing overall
antioxidant intake as opposed to isolated components.
Future studies should evaluate whole diets to quantify
antioxidant intake more comprehensively.

Ethanol

Alcohol consumption has been studied in ET, but mostly
for its tremor-relieving effects. Alcohol was historically
found to reduce tremor severity transiently. While the
mechanism of action remains unclear, suppressive effects
on the inferior olivary nuclei®>>* and GABA transmission
pathways® have been suggested.

Contrary to this knowledge, weak or nonsignificant asso-
ciations with alcohol intake were reported with ET.®*7 A
quantitative study found no correlation between average
ethanol intake and tremor severity evaluated using a vali-
dated clinical rating scale.’® The recent development of
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Table 1. Summary of case-control studies on dietary exposure in essential tremor.

Y.-L. Ong et al.

Categories Authors Year  Sample size Country Exposure

Results

Antioxidants Scarmeas & Louis [52] 2007 148 ET, USA Mediterranean diet
250 controls

Louis et al. [51] 2005 156 cases, USA Vitamin E, vitamin C
220 controls

Meat (harmane) Louis et al. [46] 2008 125 cases, USA Meat consumptions,
125 controls meat doneness level
Louis et al. [45] 2005 106 cases, USA Blood harmane
161 controls concentration,
animal protein
intake
Harmane Louis et al. [38] 2013 130 cases, Spain Blood harmane
138 controls concentration
Louis et al. [40] 2013 70 cases, USA Brain harmane
27 controls concentration
Louis et al. [37] 2008 150 cases, USA Blood harmane
135 controls concentration
Louis et al. [36] 2002 100 cases, USA Blood harmane
100 controls concentration
Caffeine Prakash et al. [66] 2006 79 cases, Singapore  Caffeine
100 controls consumption
Louis et al. [57] 2004 130 cases, USA Caffeine
175 controls consumption

Higher adherence to diet was associated
with lower odds for ET [0.78 (0.61—
0.99); P = 0.042].

Compared to lowest adherence tertile,
middle tertile [0.41 (0.16-1.05)], and
highest tertile [0.29 (0.10-0.82)] had a
lower ET odds [P for trend 0.021]

No significant difference in vitamin E and
C consumption between ET cases and
controls

Higher total current meat consumption
was associated with ET (OR = 1.006,

P = 0.04) only in male ET cases.

Male cases had higher odds of being in
the highest than lowest quartile of total
current meat consumption (adjusted
OR =21.36, P = 0.001).

No significant difference between meat
doneness level in cases and controls.

Higher log (blood harmane concentration)
in ET cases than controls.

Similar amounts of animal protein
consumption and caloric intakes in ET
cases and controls.

Blood harmane concentrations higher in
ET compared to controls, but did not
reach statistical significance

Mean brain harmane concentration was
higher in ET than controls.

Mean concentration was 35% higher in
ET cases compared to controls after
adjustment for postmortem interval and
freezer time.

Higher Log (blood harmane concentration)
in ET compared to controls (ORadjusted
1.56, 95% CI 1.01-2.42, P = 0.04)
Higher odds of ET OR 1.90 (95% Cl 1.07
-3.39, P =0.029) in highest vs. lowest
log (blood harmane concentration)
tertile.

Higher mean log (blood harmane

concentration) in cases than controls.

Median harmane = 5.21 g(—10)/mL in

cases and 2.28 g(—10)/mL in controls)

(P =0.005).

Caffeine consumption in ET patients
higher than control group (nonsignificant
in multivariate analysis).

No significant correlation with disease
duration or total tremor score in ET
patients

No correlation between daily caffeine
intake in milligrams and disease duration,
total tremor score, or performance-based
test score in ET cases.
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Table 2. Summary of studies on alcohol in essential tremor.

Etiologic Links between Environmental and Lifestyle Factors

Authors Year  Study type Sample size Country  Exposure Results
Nicoletti et al. [63] 2011 Case-control 83 cases, [taly Wine Negative association between essential tremor and wine
245 controls consumption preceding the onset of disease OR = 0.23
(0.08-0.64) with a significant dose effect
1-2 glass of wine per day: OR 0.32

>3 glass of wine per day: OR 0.14

Louis & Michalec [58] 2014 Case-control 354 cases, USA Ethanol No significant difference in average daily ethanol intake
370 controls between cases and controls.

Among cases, there was no correlation between average

daily ethanol intake and tremor severity.
Louis et al. [62] 2009 Prospective 3285 Spain Ethanol  Baseline number of drink-years was marginally associated

cohort study (76 ET cases) with a higher risk of incident ET

(RR = 1.003)

Highest baseline drink-year quartile doubled the risk of

incident ET (RR = 2.29), with decreasing RR down the

quartiles

With each higher drink-year quartile, the risk of incident ET

increased an average of 23%.
Jiménez-Jiménez 2007 Case-control 142 cases, Spain Ethanol  Increased exposure to alcohol was significantly associated

et al. [56] 284 controls with higher age of ET onset.

Time of exposure to alcohol was correlated with age at

onset of ET

Total consumption of alcohol was not correlated with age

at onset of ET
Louis et al. [57] 2004 Case-control 130 cases, USA Ethanol No significant difference in ethanol intake between ET cases

175 controls

and controls

more objective and stringent methods of quantifying tre-
mor severity may have proven these tremor-relieving effects
to be less significant than expected.

Ethanol is a well-established cerebellar toxin, demon-
strating degenerative effects leading to Purkinje cell loss
and cerebellar atrophy.””®' This suggests that ethanol is
more likely a risk factor. However, this has been difficult
to study as the tremor-relieving effects of alcohol have led
to confounding links with chronic alcoholism in ET,
complicating any causal effects of alcohol. Nonetheless,
some studies addressed this limitation by investigating
baseline alcohol consumption with incident ET, reporting
a direct association between alcohol and ET onset
(Table 2). In a Spanish population-based case-control
study, baseline alcohol intake was marginally associated
with increased risk of incident ET after adjusting for
smoking and depressive symptoms.®”> A quantitative ana-
lysis reported that the highest baseline alcohol intake ter-
tile was associated with twice the risk of developing ET,
with an increase of incident ET risk by 23% per tertile
increase in alcohol intake.® These studies support the
hypothesis that ethanol consumption is a contributory
risk factor of ET.

In contrast, studies on wine consumption have reported
conflicting results. In a small Italian case-control study,

© 2019 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.

prediagnosis wine consumption had an inverse negative
correlation with ET [OR 0.35(0.18, 0.69)]%® (Table 2), sug-
gesting that wine may be a protective factor. This apparent
effect may be attributed to the rich antioxidant content of
wine acting in opposition to the neurotoxic effects of alco-
hol. There may be value in investigating different types of
alcohol for their differing effects on ET.

The contradicting effects of various dietary components
reflect the difficulties in assessing the role of diet in ET.
The balance of antioxidant and oxidative components in
individual foods appears to play a role in disease patho-
genesis. Current studies are limited by small sample size
and cross-sectional design. There is a need for larger stud-
ies with more comprehensive dietary evaluation to assess
the effects holistically, specifically focusing on antioxidant
components. Further, longitudinal studies will also be
necessary to demonstrate any causal effects of alcohol on
ET.

Caffeine

Caffeine has been studied as a potential risk factor in ET.
Endogenous adenosine activation was found to depress
excitatory transmission in mouse models, reducing tre-
mor.**  Caffeine acts as a nonselective adenosine
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antagonist, and may trigger or exacerbate tremor clini-
cally. Additionally, brewed coffee contains f-carboline
alkaloids formed during the brewing process.®®

However, studies failed to find any correlation with caf-
feine consumption (Table 1). A New York study reported
no correlation between daily caffeine intake with ET disease
duration or tremor severity.”” A separate study in Singa-
pore similarly showed no significant correlation between
caffeine intake and disease duration or tremor scores.®®

Sleep

Sleep disturbances are part of the nonmotor symptoms of
ET. However, the association between sleep and ET has
not been well studied. One prospective population-based
study reported shorter sleep duration to be associated
with increased risk of incident ET.”” This remains a
potential area for future studies.

Y.-L. Ong et al.

Environmental factors
Smoking

The protective effect of smoking has been reported by a
series of Spanish case-control studies (Table 3). A Spanish
population-based study reported that ever-smokers had
half the risk of ET compared to never-smokers. A dose-
dependent response was reported in the same study, with
smokers in the highest pack-year tertile having only one-
third the risk of ET compared to never-smokers.® In the
same cohort, smoking was associated with slightly lower
risk of incident ET, and adjusted Cox proportional haz-
ards model analysis supported a similar dose-dependent
association.”” Another Spanish study reported a correla-
tion between increased period of smoking exposure and
earlier age of ET onset, although there were no significant
associations with the amount of smoking exposure.®

Table 3. Summary of studies on environmental exposures in essential tremor.

Authors Year  Study type Sample size

Country

Exposure Results

Louis et al. [69] 2008 Prospective

cohort study

Benito-Leon 2008 Case-control

et al. [68]

Jiménez-Jiménez 2007 Case-control

et al. [56]

Azevedo & 2017 Case-control 51 cases, 204 controls

Meyer [75]

Yao et al. [74] 2015 Cross-sectional 5932 (216 ET cases)

Dogu et al. [77] 2007 Case-control 105 cases, 105 controls

Louis et al. [73] 2006 Case-control

3348 (77 ET cases) Spain

221 cases, 663 controls  Spain

142 cases, 284 controls ~ Spain

Portugal

China

Turkey

136 cases, 144 controls USA

Smoking The highest baseline pack-year tertile was
associated with lower risk of incident ET.
Cases in the highest pack-year tertile were
only one-third as likely to develop ET
compared with nonsmokers (RR 0.29, 95%
C1 0.09-0.90, P = 0.03)

Ever-smokers are less likely to have ET than
the never-smokers (OR 0.58, 95% Cl 0.40—
0.84, P = 0.004).

Inverse association between number of pack-
years and ET (adjusted OR 0.991, 95% Cl
0.984-0.997, P = 0.005).

Ever-smokers in the highest pack-year tertile
were one-third as likely to have ET than the
never-smokers (adjusted OR 0.39, 95% Cl
0.22-0.69, P = 0.001).

Time of exposure to smoking was correlated
with age at onset of ET.

No associations found with total amount of
smoking.

Exposure to 16 to 16.9 years of pesticide use
had highest odds of essential tremor
(OR,q; 4.60; 95% Cl: 1.29-16.41)

No significant correlation of ET with other
durations of pesticide exposure, no clear
dose-response trend.

Past pesticide exposure was found to be
greater in ET compared to controls.

Higher median blood lead concentration in
ET cases (2.7 microg/dL) compared to
controls (1.5 microg/dL)

No significant difference in serum
concentrations of organochlorine pesticides
between ET cases and controls.

Smoking

Smoking

Pesticide exposure

Pesticide exposure

Lead exposure

Pesticide exposure
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The basis of this protective effect remains unclear, but
may draw some similarities to the effects of smoking in
other neurological diseases. In cellular in vitro experi-
mental systems, nicotine activity at nicotinic acetyl-
choline receptors has been shown to provide protection
from neurotoxic insults, with nicotine pretreatment
reducing neurotoxicity in cell systems.”””? Studies in
animal models have demonstrated that tobacco con-
stituents can protect against nigrostriatal damage. This
formed the basis for the protective effect of smoking in
PD, where nicotine-stimulated dopamine release from
nigrostriatal dopaminergic neurons via stimulation of
the nicotinic acetylcholine receptors provides neuropro-
tection.

To date, the protective effect of smoking on ET has
been shown in studies limited to Spain and within a simi-
lar cohort. Studies from other populations are lacking.
We cannot exclude the possibility that the protective
effect of smoking may be specific to genetic or other envi-
ronmental factors limited to this selected Spanish popula-
tion. Future prospective studies in other cohorts and
countries would be useful in confirming the generalizabil-
ity of these findings.

Pesticides and farming

Pesticide exposure, particularly organochlorine pesti-
cides, has been linked to tremors. However, current evi-
dence has been inconclusive. There was no difference in
serum concentrations of six organochlorine pesticides in
ET cases compared to controls.”? A similar lack of asso-
ciation with self-reported pesticide exposure was
reported by two case-control studies in Spain and Singa-
pore56’66 (Table 3).

In contrast to these earlier studies, a large study cohort
in China reported a positive association between self-
reported pesticide exposure and ET.”* Another study in
Portugal reported significantly higher pesticide exposure
in ET.”® Although this study reported that having 16—
16.9 years of exposure led to highest ET risk, there was
no significant dose-dependent trend noted across the
range of exposure durations reported,”” making it difficult
to interpret these results in the context of other studies. A
major limitation of these two studies is that they were
not published in English, hence details of the study could
not be assessed. Larger studies are needed to reassess the
effect of pesticide exposure in ET, and more quantitative
methods of assessing pesticide exposure are required. Self-
reported values may not be sufficiently sensitive to detect
differences between ET and controls. Future studies may
consider the use of surrogate measures such as occupa-
tional exposures or serum biomarkers together with self-
reported exposures.

Etiologic Links between Environmental and Lifestyle Factors

Other exposures — lead, heavy metals

Exposure to heavy metals, specifically lead and man-
ganese, has been studied in a small number of studies.
Lead exposure has been shown to cause neurological dis-
orders with tremors. ET patients had higher blood lead
concentrations compared to controls, reported in studies
conducted in New York’® and Turkey77 (Table 3). The
effect of lead toxicity may be explained by its destructive
effects on cerebellar tissue and Purkinje neurons. Subse-
quently, no new studies have investigated the effects of
lead exposure in ET.

Besides lead, the role of exposures to other metals and
solvents in ET is inconclusive. Case-control studies have
found no significant difference in occupational exposure
to manganese and organic solvents’® or iron-manganese
alloys™ in ET cases compared to controls, although iron—
manganese alloy exposure was associated with increased
age of ET onset.”®

There is a lack of studies evaluating these toxic expo-
sures, likely due to the difficulties in quantifying these
exposures accurately. The use of serum biomarker levels
may be more reliable markers of such exposures as
opposed to questionnaires.

Limitations of studies

There are several limitations of current literature on
environmental factors in ET. First, the diagnostic criteria
and definition of ET remain variable across several stud-
ies. Several studies employ clinical criteria in accordance
with the Consensus statement of the Movement Disorder
Society on Tremor. Studies based on the cohort
recruited from Columbia University Medical Center
(CUMC) employ additional diagnostic criteria, evaluat-
ing for ET wusing the validated Washington Heights-
Inwood Genetic Study of Essential Tremor (WHIGET)
criteria. Other studies employed clinical criteria based on
tremor features and family history. The lack of unifor-
mity in the definition and diagnosis of ET makes it dif-
ficult to draw reliable comparisons across the various
studies.

Current studies recognize and define ET as a single dis-
ease, but do not account for the heterogeneity of the dis-
ease. Heterogeneity in clinical features, such as tremor
type, location, severity, and progression, as well as in age
of onset and pharmacological reactions suggests that ET
may be further subdivided in multiple disease subtypes.”’
Pathogenesis pathways may differ between these clinical
subtypes, confounding current findings. Future studies
may consider classifying ET subtypes based on predomi-
nant features instead of assessing ET cases as a
monosymptomatic group.

© 2019 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association. 985
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Existing studies have variable exclusion criteria for
comorbid conditions. Most studies excluded patients
exhibiting signs of dystonia and PD. Other movement
disorders with predominant features of tremor, such as
spinocerebellar ataxia, were not excluded in a portion of
the studies, though these are likely to be rare.** Addition-
ally, some studies did not account for or exclude tremor
attributable to other conditions such as hyperthyroidism,
Wilson’s disease, or anxiety disorders, which can be mis-
leading in the clinical setting. Tremors due to concomi-
tant drug use were also not excluded in multiple studies.

Methods of data collection on the environmental expo-
sure studied should be validated with good reliability.
Most studies conducted in-person interviews using ques-
tionnaires, administered by trained testers or the investi-
gators Dietary exposures
captured using the Willett Semi-Quantitative Food Fre-
quency Questionnaire, a validated questionnaire to assess
current diet. Other environmental exposures such as

themselves. were generally

smoking and alcohol intake were assessed with structured
questionnaires. However, these questionnaires have gener-
ally not been validated in the study population. The use
of follow-up or repeated administrations of the question-
naire at separate time points would be useful in validating
the sensitivity and repeatability of these questionnaires
within each study cohort.

A major limitation is that a majority of these studies
were conducted by the same research groups using the
same cohort of subjects, hence capturing data within lim-
ited geographical locations. Dietary studies were largely
limited to the USA, with subjects recruited from CUMC.
Studies on smoking and ethanol consumption generally
recruited subjects from the Neurologic Disorders in Cen-
tral Spain (NEDICES) study, which only included cases
from a select number of communities in Central Spain.
There is limited data from other countries, making it dif-
ficult to extrapolate the validity of these findings in other
countries or in different ethnic populations. There is a
need for wider coverage to allow us to draw conclusions
on the generalizability of these findings.

Publication bias is an inherent limitation that may lead
to biased sampling when evaluating current literature.
Studies reporting higher effect sizes and significant find-
ings are more likely to be published, leading to bias in
the published literature. The current findings may not be
representative of actual effects of environmental factors,
which may be less promising than reported.

Current studies are limited by small sample sizes and
cross-sectional design, making it difficult to establish any
clear temporal association of these possible risk and pro-
tective factors. Prospective cohort studies or longitudinal
studies will allow temporal associations to be evaluated.
Additionally, serum biomarker data were often single

Y.-L. Ong et al.

time-point measurements, which fluctuate with dietary
variation. Multiple time-point data should be measured
with standardized methodology to enhance study validity.
Larger nested case-control studies or multi-center studies
may be more effective in deriving clearer conclusions on
the effects of environmental exposures in ET, and to con-
firm or disprove the findings from earlier studies.

Future directions

Current evidence suggests that environmental and lifestyle
factors play an important role in ET, although their
underlying pathogenetic pathways are not well under-
stood. There is a need to extend the study of these envi-
ronmental factors to larger populations, using nested
case-control studies in different populations to assess the
generalizability of the results. Prospective cohort studies
or other longitudinal study designs will be necessary in
future to establish the etiological role of these lifestyle fac-
tors in ET more clearly.

The study of dietary factors will also benefit from more
comprehensive evaluation of the diet instead of various
dietary components in isolation. There is added potential
of incorporating culture-specific dietary habits into the
study of dietary factors. There may be a need for better
surrogate measures of dietary components and toxin
exposures in the environment to serve as more reliable
markers of exposure. Questionnaires used to quantify
exposure should be validated and reliable, with proven
repeatability to ensure that exposure information is cap-
tured accurately.

Conclusions

ET is a complex disease contributed by both genetic and
environmental factors. While reviewing the past and cur-
rent evidence for lifestyle and environmental factors as
risk or protective factors in ET, we have identified cer-
tain factors including exposure to neurotoxic com-
pounds such as f-carboline alkaloids and ethanol as
potential risk factors for ET, while antioxidant intake
may be protective. Revisiting previously studied environ-
mental factors in ET have also renewed our understand-
ing of these factors. Smoking acts as a protective factor
in ET, parallel to its effects in other neurological dis-
eases. New evidence suggests that pesticide and lead
exposure may also be potential risk factors. However,
there are many limitations of current studies that have
to be addressed and findings have to be replicated in
independent cohorts and validated. There is a need for
larger, nested case-control studies or prospective cohort
studies across different populations, before more conclu-
sive statements can be made on the etiological
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importance of various lifestyle and environmental factors
in ET.
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