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Typically, progressive supranuclear palsy (PSP) is clinically characterized by slow vertical saccades or supranuclear gaze palsy, le-
vodopa-resistant parkinsonism with predominant axial symptoms, and cognitive executive impairment. Over the past decades,
various PSP phenotypes, including PSP with predominant parkinsonism, PSP with corticobasal syndrome, PSP with progressive
gait freezing, and PSP with predominant frontal dysfunction, have been identified from pathologically confirmed cases. Ex-
panding knowledge led to new diagnostic criteria for PSP that with increased disease awareness led to increased PSP prevalence
estimates. The identification of environmental and modifiable risk factors creates an opportunity to intervene and delay the on-
set of PSP or slow disease progression. To date, despite the increasing number of publications assessing risk factors for PSP, few
articles have focused on environmental and lifestyle risk factors for this disorder. In this article, we reviewed the literature inves-
tigating the relationship between PSP and several environmental and other modifiable lifestyle risk factors. In our review, we
found that exposures to toxins related to diet, metals, well water, and hypertension were associated with increased PSP risk. In
contrast, higher education and statins may be protective. Further case-control studies are encouraged to determine the exact role
of these factors in the etiopathogenesis of PSP, which in turn would inform strategies to prevent and reduce the burden of PSP.
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INTRODUCTION

Typically, progressive supranuclear palsy (PSP) is clinically
characterized by vertical slowing of saccades or supranuclear
gaze palsy, axial-predominant parkinsonism with poor response
to levodopa therapy, bulbar symptoms, and cognitive impair-
ment, specifically, frontal/executive dysfunction.! PSP is a pri-
mary four-repeat tauopathy that is caused by abnormal accumu-
lation of pathologically altered microtubule-associated protein
tau (MAPT) in neurons and glia.” Recently, the PSP diagnostic
criteria have been revised to increase diagnostic sensitivity and
diagnose additional phenotypes. In addition to the classic PSP
with Richardson’s syndrome (PSP-RS) described above, pheno-
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types consisting of PSP with predominant parkinsonism, PSP
with progressive gait freezing, PSP with corticobasal syndrome,
and PSP with predominant frontal presentation were included.’?
The variants of PSP are distinguished by the predominant clinical
features that appear primarily in the early years of the disease, but
as the disease progresses, most phenotypes eventually convert to
PSP-RS, which allows diagnosis.

The identification of modifiable risk factors for PSP may lead
to an improved understanding of the pathophysiology and tar-
geted prevention and therapeutic efforts. In Alzheimer’s disease
(AD), another tauopathy, the management of 12 modifiable risk
factors, including less education, hypertension, obesity, diabetes,
depression, physical inactivity, excessive alcohol consumption,
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smoking, low social contact, hearing impairment, traumatic brain
injury (TBI), and air pollution, might prevent or delay up to 40%
of dementias.* The Finnish Geriatric Intervention Study to Pre-
vent Cognitive Impairment and Disability (FINGER) study showed
that 2-year multidomain interventions for modifiable risk fac-
tors could improve cognition in an at-risk elderly population,’ re-
sulting in worldwide harmonizing efforts to reduce modifiable
risk factors in AD.%” Similarly, understanding modifiable risk fac-
tors in PSP may inform prevention efforts and slow development
through interventions. Over the past two decades, tremendous
advancements in recognizing environmental and other modi-
fiable risk factors for PSP have been made. Here, we review en-
vironmental and modifiable lifestyle risk factors for PSP, includ-
ing dietary habits, residential areas, education, metal/chemical
exposure, hypertension, and drugs.

METHODS

We searched PubMed using the following keywords: “progres-
sive supranuclear palsy,” “epidemiology;” “risk factors,” and “envi-
ronmental factors” Subcategory queries were performed with
the following terms: “prevalence;
areas,” metals/chemicals,” “hypertension,
ing;” “stress;,” “head trauma,” “hormones,” and “drugs.” Publica-
tions written in English were included, and the range of years
queried was 1964 to 2020. We included all publication types, in-
cluding original articles, case series, and systematic reviews.

»

incidence,” “diet,” “residential

» <« » «

education, smok-

EPIDEMIOLOGY OF PSP

Table 1 shows a summary of studies regarding the prevalence
and incidence of PSP. PSP prevalence estimates have increased
from 1.39/100,000 to 17.9/100,000 over the past several decades.*’
The range in prevalence estimates is likely due to differences in
diagnostic knowledge, diagnostic criteria, methodology, and study
population. The incidence of PSP is 0.9-1.9/100,000,"" increas-
ing after the age of 60 years."® Intriguingly, geographical clusters
have been reported in PSP, highlighting the potential con-
tribution of environmental factors in PSP (Figure 1).

In earlier studies, male preponderance was found to be a dis-
tinct feature of PSP*'*"” A higher prevalence of PSP was found
in men than in women in other recent studies.'"'® A male pre-
ponderance, in which males account for 68-72% of PSP patients
(sex ratio = 2.1-2.6:1), was also shown in Guadeloupe, a loca-
tion of a geographical cluster of PSP'*" Sex differences in the
incidence of PSP were reported, showing a 1.1-1.3/100,000 in-
cidence of PSP in men and a 0.6-0.9/100,000 incidence in wom-
en (Table 1)."'"* Furthermore, sex differences in PSP were prom-
inent, specifically in pathologically confirmed cases.”” When we
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reviewed the results of twelve studies from autopsy-confirmed
PSP cases,” " we also found a male preponderance in PSP (1.3:1).
However, such findings should be interpreted with caution, since
selection bias could affect the results of pathological studies. Oth-
er studies reported no such preponderenace.”” Some even re-
ported a higher prevalence in women.*>*?¢ Therefore, it is still
unclear whether PSP affects men more than women.

DIETARY HABITS

Chronic exposure to the Annonaceae family, such as Annona
muricata (corossol, soursop, guanabana and graviola), Annona
squamosa (pomme cannelle, sweepsop, sugar apple, and cheri-
moya), and Annona reticulata (cachiman, custard-apple and ma-
mon), was reported to be associated with an increased risk of de-
veloping PSP-like features.”*"* In contrast to 20-30% of atypical
parkinsonism in other studies,”” a higher occurrence (75%) of
atypical parkinsonism, including PSP, than Parkinson’s disease
(PD) was reported in Guadeloupe.”> Guadeloupean PSP devel-
oped levodopa-resistant parkinsonism, early postural instability
and supranuclear oculomotor dysfunction, which were common
features of PSP. However, distinguishing atypical features, includ-
ing the frequency of tremors, dysautonomia, and the occurrence
of hallucinations, were shown in patients with Guadeloupean
PSP-like syndrome." Researchers found that the consumption
of tropical fruits had a stronger association [odds ratio (OR) =
23.61; 95% confidence interval (95% CI) = 4.19-133.10; p < 0.001)
with atypical parkinsonism and PSP than with PD and a strong
association (OR = 20.70; 95% CI = 4.64-92.33; p < 0.001) with
atypical parkinsonism patients and PSP patients compared with
controls after adjusting for age and sex.”” The leaves of the An-
nonaceae family are used in traditional medicine as herbal tea
for various reasons, such as to maintain general health, to solve
digestive problems, or to be sedated.”® Furthermore, the findings
regarding the consumption of tropical fruits were similar to an
association between the consumption of herbal tea of the An-
nonaceae family and atypical parkinsonism and PSP.” In addi-
tion, there was a high frequency of atypical parkinsonism in
Afro-Caribbean and Indian population who lived in the UK. In-
terestingly, dietary intake of Annonaceae fruits was a common
finding in the migrant population living in the UK.* In New
Caledonia, a French South Pacific Island, where people eat An-
nonaceae fruits, atypical parkinsonism (46%) was also found
to occur more frequently. Higher consumption of Annonaceae
fruits was found in patients with atypical parkinsonism (73%)
than in those with typical PD (34%)."* Recently, one patient with
PSP with predominant speech and/or language dysfunction was
reported in the Northeast US who was exposed to the same fruits.
The clinical features described in this case might be associated
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Wattrelos and Leers,
Northern France

Environmental
contamination with
arsenic and chromium

Environmental Risk Factors in PSP
Park HK, et al.

Guadeloupe

The Annonaceae

New fruits

Caledonia

The Annonaceae
fruits

Figure 1. Geographical clusters in progressive supranuclear palsy (PSP). A high prevalence of PSP in Guadeloupe and New Caledonia is
associated with high consumption of Annonaceae fruits (orange circle). A cluster in northern France indicates that environmental contami-

nation with metals may play a role in PSP (green circle).

with the consumption of 13.5 kg of raw pawpaw fruit over a 10-
year period.* This was also observed in patients with PSP in a
pilot study evaluating dietary and environmental factors in PSP
patients and healthy controls conducted in Louisville, KY, and in
Atlanta, GA, where Asimina triloba (Annonaceae family, Amer-
ican pawpaw) is eaten (Dr. I. Litvan, personal information; un-
referenced).

Annonaceae fruits contain three different types of neurotox-
ins, including benzyl-tetra-isoquinoline reticuline, tetrahydro-
protoberberine coreximine, and annonacin.*® These neurotox-
ins have detrimental effects on dopaminergic neurons.** Based
on experimental data, the toxic effects of annonacin can be wide-
spread from the nigrostriatal pathway to the striatum and the
cortex through the impairment of energy metabolism*
annonacin is a very potent inhibitor of the mitochondrial respi-
ratory chain at the complex I level.* The widespread involvement
of annonacin in neurodegenerative changes, not restricted to
dopaminergic neurons, could be explained by the fact that an-
nonacin is not a substrate of the dopamine transporter.* Tau pa-
thology caused by exposure to annonacin was demonstrated in
experimental studies. In a transgenic mouse model, annonacin
exposure can induce an increase in tau phosphorylation and in

4 because

total tau protein levels in western blot analysis, the alteration of
tau kinases, and somatodendritic accumulation of hyperphos-
phorylated tau.***” Evidence regarding the association of annon-
acin and tau pathology may provide insight into tau patholo-
gies in PSP. Annonacin may play a role in the pathomechanism
as a mitochondrial inhibitor and a toxin to induce tau patholo-
gy and neurodegeneration (Figure 2).

One case-control study of PSP investigated dietary habits and
found that PSP patients ate meat or poultry more frequently than
controls (OR = 3.73; 95% CI = 1.57-8.86; p = 0.003).” This find-
ing is supported by the fact that the Mediterranean diet (MedDi-
et) and Mediterranean-Dietary Approach to Stop Hypertension
(DASH) diet Intervention for Neurodegenerative Delay (MIND)
diet, indicating high consumption of fresh vegetables and fruits
and low consumption of red meats, are associated with a lower
risk of AD.**° The beneficial or detrimental effects of specific di-
etary habits on PSP need to be determined in future case-con-
trol studies.

RESIDENTIAL AREAS

Although a case-control study in France did not show an as-

www.e-jmd.org 107
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sociation of PSP with residential areas,* and a multivariate anal-
ysis did not show statistical significance, PSP cases in the Envi-
ronmental Genetic Progressive Supranuclear Palsy (ENGENE-
PSP) study were associated with living in rural areas in a univariate
analysis.”' This finding could be supported by the significant as-
sociation between drinking well water and PSP (OR = 1.23; 95%
CI, 1.02-1.46; p = 0.03) in the ENGENE-PSP study, where the
case-control study was much larger in size and the methodolo-
gy was more robust than that of previous studies.” Davis et al.”
did not find an association between drinking well water and PSP
in a case-control study. However, this could be due to the small
sample size in their study. Given that drinking water from the
well might be associated with living near an agricultural habitat
and with exposure to pesticides,” an association between expo-
sure to pesticides and PSP might be found.

Pesticides can disturb the function of mitochondria® and mi-
tochondrial dysfunction either by the development of oxidative

injury factors that lead to the hyperphosphorylation of tau and/
or by decreased metabolism, also leading to tau hyperphosphor-
ylation, and tau aggregation may represent one of the pathomech-
anisms of PSP (Figure 2). Therefore, it is biologically plausible
that exposure to pesticides is associated with an increased risk
for PSP. However, case-control studies in France and the US did
not demonstrate any association between reported exposure to
pesticides and PSP*****' Moreover, assigned exposure to pesti-
cide by the industrial hygienist and toxicologist did not find an
association with PSP (OR = 0.89; 95% CI = 0.52-1.50; p = 0.82)
in the ENGENE-PSP study.” Further larger sample size detailed
studies are needed to better understand the role of specific pes-
ticides in PSP.

EDUCATION

All studies except one study showed that low education attain-

Tau Dysfunction

Oxidative Injury/
Decreased Energy >

Mitochondrial R

Dysfunction

Tau Clearance and
Repair

7 Ubiquitin-proteasome system

Metal/chemical exposure

Tau Aggregation

Drinking well water/pesticides Autophagy-lysosome system

Annonacin: Complex |
mitochondrial inhibitors

Unfolded Protein Response

Dysmyelination

~
@F—{ Higher Education ‘

Figure 2. Hypothetical model of the pathomechanisms of progressive supranuclear palsy (PSP). The accumulation of pathogenic tau pro-
tein (orange box) plays a key role in the pathomechanisms of PSP. 1) Genetic factors (yellow box): Mutations in the MAPT gene, encoding
tau protein, are causative in rare autosomal-dominant frontotemporal dementias, some of which present with the PSP phenotype. However,
in sporadic PSP, the H1 haplotype of the MAPT gene is associated with sporadic PSP.% In view that approximately 78% of controls and ap-
proximately 94% of patients exhibit the H1 haplotype, this is likely increasing susceptibility.*® In addition, variants in MOBP, STX6, EIF2AK3
(also known as PERK)®' and TRIM11%2 are associated with abnormal tau accumulation and dysmyelination (blue box). 2) Environmental
factors (green box): Annonaceae fruits contain a toxic compound, annonacin. Annonacin is a potent inhibitor of the mitochondrial respiratory
chain at the complex | level. Mitochondrial dysfunction and oxidative injury are responsible for pathogenic tau accumulation. Metal/chemical
exposure and drinking well water/pesticides might be involved in mitochondrial dysfunction and oxidative injury. Furthermore, annonacin in-
duces abnormal tau pathology as well as neurodegeneration. Stress is associated with the development of neurofibrillary tangles via gluco-
corticoids. Hypertension is associated with an increased risk for PSP by inducing the aggravation of tau pathology and neuroinflammation.
Inflammation may be associated with pathological tau accumulation and neurodegeneration. The use of statins and estrogen replacement
therapy (ERT) may protect against PSP by reducing inflammation. In contrast, the use of beta blockers may increase the risk for PSP by ex-
acerbating neuroinflammation (light green arrow). High educational attainment is also a protective factor in PSP, but the roles of education
in the pathomechanisms remain unclear. Factors that increase the risk of PSP are indicated by green arrows, while those that decrease the
risk are indicated by black arrows. The light green arrow represents the possible mechanism of increased risk for PSP with weak certainty.
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Table 2. Association between education and progressive supranuclear palsy in case-control studies

Study Cases, n Controls, n Education, years Odds ratio 95% confidence interval p value
Davis et al.®? 50 50 >12 3.10 N/A <0.050
Golbe et al.* 91 104 >12 0.35 0.12-0.95 0.022
Vidal et al.*® 79 79 <9 2.60 1.30-5.60 0.010
Litvan et al.5' 284 284 =16 0.42 0.27-0.64 <0.001
Kelly et al.%* 67 68 >12 0.30 N/A 0.010

ment was a risk factor for PSP (Table 2).>**°"5* The report that
high educational background was a risk factor for PSP was based
on the results of a case-control study with a small sample size.*
Furthermore, the opposite finding was shown by the same re-
searchers.” They suggested that the discrepant findings might be
caused by different referral areas between controls and PSP pa-
tients.”

There are several reasons that may explain these findings. Golbe
et al.” suggested that lower educational attainment might impli-
cate a poor nutritional state during childhood in association with
deficient neurological development. They also suggested that low-
er educational attainment during childhood might be associat-
ed with increased exposure to neurotoxic substances in work or
home environments. People with low education may have jobs
that are involved in exposure to environmental chemicals, lead-
ing to an increased risk for PSP, since it may be possible that there
is an association between environmental toxins/chemicals and
PSP>* However, the ENGENE-PSP case-control study showed
that low education is an independent factor from years of use
of well water.> In AD, in which pathological amyloid and tau
abnormally accumulate, the cognitive reserve (CR) hypothesis
explains the discrepancy between pathological changes in the
brain and clinical symptoms.” Subjects with greater CR with high-
er education or occupational complexity may have reduced risk
of developing dementia through protective and compensatory
mechanisms. In addition, those with lower CR will show a faster
decline after CR depletion as they can no longer compensate for
pathological changes in the brain. A meta-analysis of 133 stud-
ies showed that low education increased the risk of dementia,
including AD, vascular dementia, and dementia in general.™ It
remains uncertain whether the association between educational
attainment and PSP could be explained by the CR hypothesis,
although one of the important features in PSP is variable cogni-
tive impairment, including frontal dementia.

METAL/CHEMICAL EXPOSURE

Metal exposure is associated with PSP. The ENGENE-PSP study,
the largest case-control study of PSP, assigned chemical exposure
showed a trend of increased odds (OR = 1.20; 95% CI = 0.99—
1.45; p = 0.06), and assigned metal exposure had a trend of in-

creased odds (OR = 1.30; 95% CI = 1.00-1.70; p = 0.05) in the
univariate analysis. However, in the multivariate analysis adjust-
ing for confounding factors, there was no association between
ever assigned metal exposure and PSP (OR = 0.96; 95% CI = 0.53—
1.74; p = 0.89).”' On the other hand, an analysis of the veterans
in the ENGENE-PSP study supported metal exposure as a risk
factor for PSP. There was an association between firearm expo-
sure during military service and PSP (OR 2.2; 95% CI = 1.0-5.0;
p =0.04), suggesting a possible association of lead with PSP** No-
tably, metal exposure might be associated with the occurrence
of PSP in a report of 92 PSP patients in a cluster occurring in Wat-
trelos and Leers, France (Figure 1). These regions were contam-
inated by textile-dyeing and leather tanning plants in which ar-
senic, a potential neurotoxin, was found in the soil. Residents living
in areas near chemical plants might have eaten fruits and vege-
tables that were contaminated by metals."” Alquezar et al.”” dem-
onstrated experimental evidence of increased total and phosphor-
ylated tau levels by chromium and nickel treatments, implicating
metal exposure as a causal factor of tau pathology (Figure 2).

A few anecdotal reports suggested an association between or-
ganic solvents and PSP*** However, the sample size of the case
series was too small, from one case to 12 cases. There was no as-
sociation between organic solvent exposure and PSP (OR = 0.8;
95% CI = 0.89-1.41; p = 0.38) in the ENGENE-PSP study.”"

HYPERTENSION

Observational and case-control studies suggested that hyper-
tension is associated with PSP*"¢* Although a small case-control
study with 50 cases did not find an association between hyper-
tension and PSP,*> Dubinsky and Jankovic®' found that 43.7% of
idiopathic PSP patients had hypertension in their observational
study. In addition, they also found a 2.5-fold higher frequency of
cerebrovascular disease in PSP patients than in PD patients (p <
0.001). An observational study in Switzerland found that up to
81% of PSP patients had presymptomatic, mostly transient and
regressive, hypertension,* while in Italy, only 24.1% of PSP pa-
tients had presymptomatic hypertension.”® The ENGENE-PSP
study confirmed a modest association between a history of hy-
pertension (10 years before PSP symptom onset) and PSP (OR =
1.49; 95% CI = 1.05-2.13; p = 0.027) compared with healthy con-
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trols in univariate and multivariate analyses.** The findings of this
study implicated that chronic hypertension itself might play a role
in the development of PSP but did not support that hypertension
may play a role in the development of cerebrovascular disease and
lead to microinfarcts in susceptible neural structures of PSP be-
cause brain cerebrovascular disease was an exclusionary crite-
rion for study inclusion. Chronic hypertension induced the ag-

 and was

gregation of tau protein in AD and tau mouse models
associated with neuroinflammation.”* This suggests biologi-
cal plausibility for the association between hypertension and PSP
(Figure 2). The exact pathogenic mechanisms of hypertension in
tau pathologies of PSP need to be determined in future large-scale

clinical studies and in experimental studies.

DRUGS

The use of beta blockers showed an association with PSP (OR =
2.0;95% CI = 1.05-3.8; p = 0.034), while other drugs, such as cal-
cium channel blockers, diuretics, and angiotensin-converting en-
zyme inhibitors/angiotensin receptor blockers, did not show any
association with PSP in the univariate analysis of the ENGENE-
PSP study.** Several studies also reported an association between
the use of beta blockers and an increased risk of PD,*”* which is
intriguing since this finding is common in both PD and PSP. In
PD, the use of beta blockers induced an increase in SNCA mRNA
and alpha-synuclein protein concentrations.” Despite the evi-
dence showing the association between beta blockers and al-
pha-synuclein, a recent review article concluded that evidence
supporting this finding is weak and that this finding might not
affect the use of beta blockers in PD.”*

The possible mechanism of beta blockers in PSP might be as-
sociated with the exacerbation of neuroinflammation (Figure 2).
A recent animal study showed that beta blockers induced mark-
ers of neuroinflammation in both wild-type and amyloid-beta
precursor protein (APP) mouse models of AD.”” The effects of
beta blockers on tau pathology were discrepant in AD mouse
models.”>” An association between the use of beta blockers and
PSP as well as the plausible mechanism between the two should
be further investigated.

It has been presumed that anti-inflammatory drugs might de-
crease the risk for PSP since neuroinflammation is correlated with
tau aggregation.”® However, an association between nonsteroidal
anti-inflammatory drugs and PSP was not found in case-control
studies.”*”” Experimental evidence showing beneficial effects of
statins via anti-inflammatory mechanisms’® and epidemiologi-
cal results suggesting a lowered risk of AD with use of statins™
prompted us to investigate the association between statins and
PSP (Figure 2).% In contrast to anti-inflammatory drugs, statin
use was inversely correlated with the risk for PSP at a trend level
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(OR = 0.65; 95% CI = 0.43-1.00; p = 0.05). In addition, it was
associated with delayed onset, less severe motor impairment in
terms of the PSP rating scale, Unified Parkinsons Disease Rating
Scale (UPDRS) part IIT, and UPDRS total score.® The results of
the study indicate that statin use may provide a therapeutic op-
tion in the prevention and treatment of PSP, although future stud-
ies need to replicate the results. In earlier studies of AD to inves-
tigate the role of statins on low-density lipoprotein receptor-related
protein 1 (LRP1), treatment with statins increased LRP1 expres-
sion, leading to increased clearance of amyloid-beta.** Intrigu-
ingly, a recent study found that LRP1 controls the endocytosis
of tau and its subsequent spread.*”’ Given that statins may affect
the expression of LRP1 and LRP1 may be a key regulator of tau
spread, the role of statins in LRP1 in PSP needs to be investigat-
ed in future studies.

Exogenous estrogen as well as endogenous estrogen may affect
the development and management of a disease as a neuroprotec-
tive factor through anti-inflammatory activity, the inhibition of
oxidative stress and mitochondrial dysfunction, and increased
expression of neurotrophic factors (Figure 2).** Sex differences
are associated with chromosomal differences (XX versus XY chro-
mosomes), gonadal differences, or hormonal differences.® A re-
cent meta-analysis supported an association between hormone
replacement therapy and AD with all-cause dementia.*® In PSP,
only one study from the ENGENE-PSP study investigated an as-
sociation between lifetime estrogen exposure and PSP, suggest-
ing a potential protective role of estrogen replacement therapy in
PSP (OR = 0.52; 95% CI = 0.30-0.92; p = 0.03).*” Further studies
are needed to determine the effects of sex hormones, specifically
exogenous estrogen, in PSP.

OTHERS: STRESS, HEAD TRAUMA, AND
SMOKING

Repeated stressful events may increase the risk for PSP. While
the total number of life-changing events was not associated with
an increased risk of PSP (OR = 0.9; 95% CI = 0.4-2.4; p = 0.76),
the total number of highly stressful events increased the risk of
PSP (OR = 3.4;95% CI = 1.1-11.7; p = 0.04). The findings sup-
ported the role of glucocorticoids, which are released in response
to stress, in the development of neurofibrillary tangles and the as-
sociation between stress and tauopathies such as AD and PSP¥

TBI is known to be a risk factor for other tauopathies, such
as chronic traumatic encephalopathy and AD. Head trauma was
not associated with the development of PSP*>* Although one
case-control study did not reach statistical significance, they found
a higher occurrence of TBI in PSP cases (38.8%) than in controls
(27.9%).5

Small case-control studies, consisting of 50 to 79 cases, did not



find an association between PSP and smoking habits.***** In

the ENGENE-PSP study, a higher number of smoking pack-years
were associated with PSP cases (OR = 1.15; 95% CI = 1.05-1.27;
p =0.001) in the univariate analysis but did not reach statistical
significance in the multivariate analysis (OR = 1.10; 95% CI =
0.99-1.22; p = 0.08).”"

CONCLUSION

This extensive literature review about environmental and modi-
fiable factors in PSP shows that specific dietary habits, such as high
consumption of Annonaceae family fruits, metal/chemical expo-
sure, hypertension, and stress, are risk factors for PSP. High ed-
ucational level and statin use may be protective. Future studies
need to focus on modifiable factors in PSP, especially the effects
of any specific dietary habit or physical exercise, through inter-
vention studies along with disease-modifying drugs targeting tau
pathology to prevent this devastating disease. Although associa-
tions between modifiable factors, including education, hyperten-
sion, drugs, stress, and PSP, have been shown, their specific role
in the pathomechanism of PSP needs to be determined through
experimental and clinical studies. The potential disease-modi-
tying effects of statins should be confirmed in further studies.
Prevention will be practicable once we understand the interac-
tion between genes and identified environmental factors.
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