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ABSTRACT
Background: The risk factors of progressive supranuclear
palsy (PSP), a rare but severe Parkinsonian syndrome, are
poorly known.
Objective: To study the risk factors of PSP in a case
control study among French patients.
Method: The study was conducted between April 2000
and December 2003. Cases were in- or outpatients of five
large hospitals and fulfilled the Golbe criteria. Controls
were relatives of patients from the same hospitals, free of
Parkinsonian syndrome and dementia, and matched to
cases for age, gender and living area. Data on
demographic characteristics, occupation history, diet
habits, anti-inflammatory drugs use, alcohol consumption,
smoking habits, gardening and leisure activities, and
exposure to pesticides were collected through a face-to-
face questionnaire. A conditional logistic regression was
used to analyse matched data and estimate OR.
Results: 79 cases and 79 controls were included. Only a
few comparisons were significant. Cases reached a lower
education attainment than controls (odds ratio (OR) = 2.6
(1.3 to 5.3), p = 0.01). Analysis of diet habits did not
show any major difference although cases ate meat or
poultry more frequently. Conversely, controls ate fruits
more frequently than did cases. No association was found
between PSP and occupation, use of pesticides, garden-
ing, alcohol consumption, smoking habits and anti-
inflammatory agent use.
Conclusion: In this case-control study, we did not find
any strong environmental risk factors for PSP.

Progressive supranuclear palsy (PSP) was first
described as a distinct disorder from Parkinson
disease (PD) in 1964 by Steele and colleagues.1 In
addition to Parkinsonism syndrome, the clinical
symptoms include supranuclear gaze palsy, early
balance impairment, pseudobulbar and cognitive
signs.2 PSP is 20 to 30 times less frequent than PD
with an age-adjusted prevalence between 5.0 and
6.4 per 100 000 in population-based studies.3–5 The
median duration from onset to death varied from
5.3 to 9.7 years.5–8

Only four case-control studies on risk factors of
PSP have already been published. The first two
studies were performed from the same institution
and showed contradictory findings. Davis et al in
1988 found that cases lived more frequently in
rural areas and had a higher education level than
controls. No association was found between
smoking and PSP.9 Conversely, Golbe et al in 1996
reported that cases had a lower education level
than controls and found no association with rural
living.10 One study conducted in the French Indies
population by Caparros-Lefebvre and Elbaz found

that, compared with controls, patients with PSP or
related disorders more often ate some tropical
fruits, containing toxic substances for dopaminer-
gic neurons, and more frequently drank herb-tea
made of these tropical fruits.11 The last study, by
Vanacore et al and focusing on smoking habits, did
not find any differences between cases and
controls.12

Very few data on risk factor for PSP have yet
been found. We therefore focus our study on a
wide range of environmental risk factors and
particularly on risk factors of Parkinsonian dis-
orders (eg, PD and multiple system atrophy
(MSA)).

METHODS
This study was conducted at the same time as a
case control study focusing on multisystem atro-
phy, another Parkinsonian syndrome, and shared
the same design.13 Briefly, the study was conducted
between April 2000 and December 2003 in France.
Cases were in- or outpatients consulting in five
French tertiary referral centre for Parkinsonian
disorders, four in Paris (La Salpêtrière, Saint-
Antoine, Sainte-Anne and Leopold Bellan) and
one in Marseille (La Timone). All cases were
examined by trained neurologists at these centres
and fulfilled Golbe’s criteria.14

Controls were recruited from relatives of
patients free of any parkinsonian syndrome or
dementia seen in the cases’ inclusion centre.
Relatives of cases could therefore not be included.
One control was matched by age (¡5 years), sex
and living area, at the time of the study, to each
case.

Cases and controls were interviewed face to face
using a structured questionnaire, also used for a
study focusing on MSA.13 When possible, the
interview was conducted in the presence of a close
relative who was allowed to complete the case’s
answers. The presence of the relative (mainly the
spouse or one child) and the degree (ranging from
none to complete) of their participation were
noted. When a face-to-face interview was not
possible, subjects were interviewed by phone.
Demographic data and medical history (head
trauma, depression and other diseases) were
collected. We collected data about life history of
living areas (urban or rural), occupations (classified
into nine major groups according to the interna-
tional standard classification of occupations ISCO-
88), food habits (using a 10-item food average
frequency (dairy products, meat and poultry, fish
and seafood, eggs, cereals, raw fruits, raw vegeta-
bles, cooked fruits and cooked vegetables, pulses
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and chocolate)), alcohol (wine, beer/cider and spirit recorded
separately) and tobacco consumption, use of anti-inflammatory
drugs (aspirin, non-steroidal anti-inflammatory drugs (NSAID)
other than aspirin and glucocorticoids recorded separately) and
use of insecticides, pesticides and herbicides in leisure gardening.
For tobacco, alcohol, coffee, tea, herbal tea and tropical fruits
(particularly tropical fruits of the Annonaceae family, soursop
and custardapple) and anti-inflammatory drugs, we assessed the
average frequency of use and the age at commencement and
cessation.

The research protocol was approved by the local ethic
committee of the Pitié-Salpêtrière hospital.

Data analysis
We expected to recruit approximately 75 to 100 cases and the
same number of controls. This sample size allowed us to detect,
for a type I error of 5% and with a power greater than 80% a
strong (OR greater or equal to 3), any association between PSP
and a risk factor with a prevalence above 15%, or a weaker
association for a more frequent risk factor with a correlation
coefficient for exposure between matched subjects of 0.1.15

Exposure to the risk factors was considered over the whole
life up to the age of disease onset for the cases and up to the
index age (ie, the age of the onset of the disease of the matched
case) for the controls.

For the 10-item food questionnaire, variables were dichot-
omised according to the median and to 75% values of these
variables among cases and controls together. We used condi-
tional logistic regression to analyse matched data (PHREG
procedure; SAS 8.2 software, SAS Institute, Cary, North
Carolina) and to estimate odds ratios and 95% CIs. Because of
the matching design, all analyses were controlled for age, gender
and living area at the time of the study. Logistic regression
models were first computed unadjusted and then adjusted for
educational level (above vs under high school), plus eversmoker
and rural living (before the disease onset for cases and the index
age controls) for diet habit analyses.

RESULTS
Eighty-six patients with PSP were invited to participate in the
study. Six cases did not fulfil Golbe’s diagnosis criteria. All cases
had a progressive condition combining PSP and parkinsonism
with no or minimal tremor. Furthermore, 87% of the subjects
had dysarthria or dysphagia, 38% axial rigidity greater than limb
rigidity, 92% frequent falls or gait disturbance early in the
disease course and 22% pyramidal tract signs, but no subjects
had their neck in a posture of extension. The mean disease
duration was 4.3 years (SD = 2.7), and the mean age at PSP
onset was 66.9 years (SD = 8.0).

Among eligible controls, six (7.6%) refused to participate in
the study, and no control was found for one case. Thus, the
final sample comprised 79 matched case-control pairs. Fifty-five
per cent of cases and controls were men. The mean age at the
time of inclusion was 71.2 years for cases and 71.8 years for
controls. Cases and controls lived mainly in Paris at the time of
the study (see table 1). Controls were more often interviewed
by phone than cases. Furthermore, the presence of a close
relative was more frequent among cases than among controls,
and when relatives were present they gave an important help
more often for cases than for controls.

Cases reached high-school level (ie, .9 years of education)
less frequently than did controls (OR = 2.45 (1.22 to 4.95),

p = 0.01)) Analysis in the subgroup of subjects living in Paris did
not alter this result (OR = 2.44 (1.13 to 5.31), p = 0.02).

As shown in table 2, we did not find any association between
PSP and lifetime rural living, gardening and overall use of
pesticides, although cases used herbicides more often than did
controls (p = 0.06). There was no significant association
between PSP and alcohol drinking, smoking habits, anti-
inflammatory agent use or specific occupations.

Analysis of the relation between dietary habits and PSP
showed that, compared with controls, cases ate more frequently
meat or poultry (once a day or more) (OR = 3.73 (1.57 to 8.86),
p = 0.003). Conversely, controls ate fruits more frequently
(twice a week or more) than cases (OR = 0.37 (0.13 to 1.04),
p = 0.06). There was no association between PSP and other food
groups including diary intakes, coffee, tea or herbal tea, tropical
fruits and herbal tea made of tropical fruits.

Finally, analyses of medical history did not show any
difference between cases and controls except for depression.
Past history of depression was less frequent in cases than in
controls, even when we considered depression occurring 5 years
before PSP onset.

DISCUSSION
This case-control study did not show any strong environmental
risk factor for PSP.

There are several potential explanations for the absence of
significant findings. Our sample was quite small due to the low
prevalence of PSP,4 and our study had little power especially on
rare exposures. However, this study is the largest study on PSP
risk factors to date. Misclassification of cases was unlikely, as
they were all assessed by movement-disorder experts using
reliable criteria for PSP diagnosis.14 The control selection
method16 led to a very low refusal rate (6%); in order to be
eligible as controls, subjects had to be a patient’s relative and
therefore were likely to be more concerned about medical
research. Recall bias could be of concern, as PSP subjects
commonly have memory impairment6 17 and thus might have
under-reported their exposures. This was counterbalanced by
the presence of a close relative during the interview in order to
help cases to answer the questionnaire. Phone interviews were
more frequent among controls, but the comparison between
phone- and face-to-face interviewed controls did not however
show any difference for general characteristics.

Like Golbe et al,10 we found an increased risk of PSP in subjects
with a lower education level, while Davis et al9 reported than
PSP cases had a higher education level than controls. However,
in the latter study, cases came from an academic neurological
clinic, whereas controls were recruited in a community hospital.
The authors highlighted that this could lead to a selection bias
because a more distant referral probably correlated with a higher
socio-economic status and greater education attainment. In our
study, we tried to minimise this bias by recruiting cases and
controls in the same hospital and by matching cases and
controls on place of residence.

We also found that cases ate meat and poultry more often
and fruits less frequently than controls. To our knowledge, no
previous study has been published on dietary habits in PSP. This
finding is consistent with the relationship with meat consump-
tion18 and high saturated-fat and cholesterol consumption19 20

that has been found in Alzheimer disease belonging to the Tau-
pathy groups, like PSP. These results must however be
interpreted with caution because retrospective assessment of
dietary habits is affected by measurement errors and biases, and
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because of multiple tests made in this study, random findings
may occur.

Lastly we found that cases had depression more often than
controls. As PSP in the early stage can mimic a depression,21 22

we excluded the 5-year period preceding the diagnosis of PSP for
cases and the index date for controls, but the association
remained significant. A recall bias or a longer latent period
before the onset of PSP could explain this association; mean-
while, one could hypothesise a ‘‘premorbid’’ personality in PSP,
as has been suspected in PD.23

Overall, these data indicate that none of the assessed risk
factors is likely to have a strong effect on the risk of PSP.
Therefore, their role, if any, in the aetiology of PSP is likely to be
marginal. However, from the data, there is still the possibility

that specific factors (such as tropical fruits) could be implicated
in the pathological mechanisms leading to PSP in particular
population groups. These data also suggest that PSP and PD
have no major risk factor in common. Similar conclusions can be
drawn from studies about multiple system atrophy.13 All these
data are therefore consistent with the hypothesis of the
aetiological heterogeneity of the different types of
Parkinsonian syndrome.
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Azoulay, M Ziegler and J-P Brandel for their help in recruiting cases; and M-L Welter, V
Mesnage, P Frouard and S Zenagui for their collaboration for case and control
interviews.

Competing interests: None.

Table 1 General characteristics of cases and controls

General characteristics

Cases Controls

p Valuen = 79 n = 79

Age at inclusion*, mean (SD) 71.8 (7.6) 71.1 (7.9) 0.58

Men*, n (%) 42 (53.2) 42 (53.2) –

Living in Paris region at the time of the study*, n (%) 66 (83.5) 66 (83.5) –

Phone interview, n (%) 31 (39.2) 3 (3.8) ,0.0001

Presence of a close relative during interview, n (%) 57 (73.1) 30 (38.5) ,0.0001

Participation of the relative in the interview, n (%)

None or minor 19 (33.3) 29 (96.7) ,0.0001{
Important 38 (66.7) 1 (3.3)

*Matching variables.
{Fisher exact test.

Table 2 Environmental exposure of cases and controls

Exposure (ever vs never)

Cases Controls Unadjusted*

p Value

Adjusted

p Valuen = 79
Missing
value n = 79

Missing
value

Odds ratio (95%
confidence interval)

odds ratio (95%
confidence interval)

Living in village or isolated farm, n (%) 27 (34.6) 4 23 (30.7) 1 1.23 (0.59 to 2.56) 0.58 1.11 (0.51 to 2.41){ 0.79

Gardening, n (%) 45 (57.0) 1 49 (62.0) – 0.80 (0.37 to 1.71) 0.56 0.91 (0.40 to 2.04){ 0.81

Gardening use of, n (%)

Herbicides 24 (30.4) 1 18 (23.1) – 1.67 (0.73 to 3.81) 0.73 2.51 (0.96 to 6.57){ 0.06

Insecticide 25 (31.7) 1 26 (33.3) – 0.93 (0.45 to 1.93) 0.85 1.18 (0.54 to 2.61){ 0.68

Fungicides 15 (19.0) 1 14 (17.9) – 1.10 (0.47 to 2.59) 0.83 1.57 (0.62 to 3.99){ 0.35

Smoking history, n (%)

Cigarette smoker 40 (50.6) 1 38 (48.1) – 1.11 (0.59 to 2.06) 0.75 0.79 (0.39 to 1.63){ 0.53

Overall tobacco smoker 43 (54.4) – 39 (49.4) – 1.22 (0.66 to 2.28) 0.53 0.90 (0.45 to 1.82){ 0.78

Alcohol consumption, n (%)

Overall 46 (58.2) – 50 (63.3) – 0.75 (0.36 to 1.59) 0.45 0.74 (0.33 to 1.65){ 0.46

Wine 42 (53.2) – 48 (60.8) – 0.67 (0.32 to 1.38) 0.28 0.68 (0.31 to 1.48){ 0.33

Beer/cider 16 (20.3) – 12 (15.2) – 1.40 (0.62 to 3.15) 0.42 1.64 (0.67 to 4.01){ 0.28

Spirit 22 (27.9) – 17 (21.5) – 1.50 (0.67 to 3.34) 0.32 1.70 (0.68 to 4.28){ 0.26

Diet habits, n (%)

Coffee (daily consumption) 75 (94.9) – 70 (88.6) 2 2.50 (0.49 to 12.89) 0.27 2.56 (0.49 to 13.4){ 0.27

Tea (daily consumption) 34 (43.0) 3 40 (50.6) – 0.77 (0.41 to 1.46) 0.42 0.75 (0.37 to 1.49){ 0.41

Depression, n (%)

Prior to onset of progressive supranuclear palsy 7 (8.9) – 17 (21.5) – 0.29 (0.09 to 0.87) 0.03 0.32 (0.10 to 1.04){ 0.06

5 years prior to onset of progressive
supranuclear palsy

6 (7.6) – 15 (19.0) – 0.31 (0.10 to 0.94) 0;04 0.31 (0.09 to 1.02){ 0.05

Anti-inflammatory agent use, n (%)

Overall 42 (54.6) 1 43 (55.1) 2 0.95 (0.52 to 1.76) 0.88 0.93 (0.50 to 1.72){ 0.81

Aspirin 32 (41.6) 1 33 (42.3) 2 0.94 (0.46 to 1.90) 0.86 0.97 (0.45 to 2.07){ 0.93

Non-steroidal anti-inflammatory drug (except
aspirin)

14 (17.7) – 11 (13.9) – 1.30 (0.57 to 2.97) 0.53 1.39 (0.58 to 3.34){ 0.46

Corticoids 6 (7.6) – 8 (10.1) – 0.75 (0.26 to 2.16) 0.59 1.46 (0.43 to 4.96){ 0.54

*Control by design for age, sex and living area.
{Adjusted on educational level and control by design for age, sex and living area.
{Adjusted on education level and tobacco and control by design for age, sex and living area.
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