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Introduction
Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder after Alzheimer’s disease 
and is expected to impose an increasing social and 
economic burden on societies as populations age. In 
recent years, the interest of the scientifi c community in 
PD has grown substantially, triggered by the discovery 
of several causative monogenetic mutations. However, 
these mutations likely only explain a small proportion 
of all PD and about 90% of cases are apparently 
sporadic. Despite insights derived from genetic 
research, the exact pathogenetic mechanisms 
underlying the selective dopaminergic cell loss in PD 
are still not understood. Current thinking is that 
mitochondrial dysfunction, oxidative stress, and protein 
mishandling have a central role in PD pathogenesis,1 
and that in sporadic PD these processes are induced by 
non-genetic factors, probably in interaction with 
susceptibility genes. Insight in non-genetic causes is 
needed to further the understanding of the pathogenesis 
of the disease and to develop eff ective therapeutic 
strategies. Large, well-designed, prospective population-
based cohort studies are the only studies suited to 
examine the eff ects of multiple potential risk factors 
and their interactions, as well as eff ects that develop 
over a longer period.

In the past, numerous methodologically limited 
epidemiological studies on PD have been done, mostly 
small case-control or register-based studies, many based 
on prevalence. Only in the past 5–7 years have larger 
prospective studies reached a stage where they have 
identifi ed suffi  cient numbers of patients with PD to 
examine incidence and potential risk factors of the 
disease. In this article, we will review what is known 
about the prevalence, incidence, risk factors, and 
prognosis of PD from epidemiological studies. Special 
attention will be given to methodological issues, as the 
usefulness of epidemiological data and interpretation of 
fi ndings are largely dependent on the quality of the 
studies they were obtained from.

Diagnosis of PD in epidemiological research
A reliable and easily applicable diagnostic test or marker 
for PD is not yet available. Sophisticated imaging with 

single-photon-emission CT or PET may be helpful to 
diagnose PD in specialised settings, but although these 
techniques have become more widely available and easier 
to use, their usefulness for population-based 
epidemiological research is still limited. Thus, a diagnosis 
of PD in epidemiological studies is primarily based on 
clinical symptoms. Current criteria for a diagnosis of 
parkinsonism require the presence of at least two of the 
symptoms resting tremor, bradykinesia, rigidity, or 
postural imbalance. A diagnosis of PD requires that 
potential causes of secondary parkinsonism have been 
excluded. Asymmetric symptom onset and a good 
response of the symptoms to levodopa are supportive for 
a diagnosis of PD and were found to be the most 
important features to discriminate PD from other 
diagnoses.2

Clinical criteria at best lead to a diagnosis of probable 
PD, while a defi nite diagnosis requires post-mortem 
confi rmation. Clinicopathological studies have shown 
that in 80–90% of the cases the clinical diagnosis of PD 
was confi rmed at autopsy.2 The relevance of such 
pathological validation studies for early diagnosis of PD 
is, however, limited by the lack of universally accepted 
neuropathological criteria for PD2 and the fact that the 
time from initial diagnosis of the disease until death can 
be long. Moreover, atypical cases from specialised clinics 
are likely to be overrepresented in these studies. Little is 
known about the accuracy of the clinical diagnosis of PD 
by general neurologists in a representative sample from 
the general population. The clinical diagnosis of PD is 
especially diffi  cult in the early stages of the disease and 
when assessed at one single point in time.3 Long-term 
follow-up of patients will improve diagnostic accuracy, 
as diagnoses may be revised on the basis of information 
on disease course and progression, appearance of 
additional symptoms and responsiveness to levodopa 
therapy.

Prevalence and incidence
Methodological considerations
Estimates of the prevalence and incidence of PD may 
vary according to applied methodology, which complicates 
comparison across studies.3–5 Not surprisingly, the use of 
stricter diagnostic criteria yields lower estimates of 
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prevalences and incidence.3 Estimates are infl uenced 
even more by case-fi nding strategies. Record-based 
studies and studies done in clinical settings do not 
include patients who have not sought medical attention, 
and thus underestimate the prevalence or incidence of 
PD in the general population: in several door-to-door 
prevalence surveys, the proportion of patients who were 
fi rst identifi ed with PD through the screening ranged 
from 24% to 42%.4–10 Most incidence studies with in-
person examination also yielded higher incidence rates 
than record-based studies did, with proportions of 
incident cases fi rst identifi ed through the screening 
ranging from 39% to 53%.11,12

Incidence rates are theoretically not aff ected by 
diff erences in survival of patients and therefore better 
measures of the risk of disease than prevalence 
estimates.13 However, population-based incidence 
estimates are much harder to obtain than record-based 
data, as they require large cohorts and long follow-up 
periods. Also, if the follow-up of a cohort is incomplete, 
substantial misclassifi cation may occur, which will 
typically lead to underestimation of disease risk. 

Several authors present crude estimates of the 
prevalence or incidence for an entire population or a 
section of the population above a certain age. These are 
of little use, because they strongly depend upon the 
underlying age distribution. Age-standardised rates are 
also of limited value, as diff erences in age distributions 
used for standardisation may hamper comparison. 

Prevalence
The prevalence of PD in industrialised countries is 
generally estimated at 0·3% of the entire population and 
about 1% in people over 60 years of age.14 Cross-cultural 
variations in the prevalence of PD are potentially 
interesting from an aetiological point of view, as they 
might result from diff erences in environmental exposures 
or distribution of susceptibility genes.13 Only a few 
methodologically very distinct studies addressed the 
issue of ethnicity in relation to occurrence of PD. PD 
might be less common in black and Asian people than in 
white people, yet results are confl icting and reported 
diff erences may result from diff erences in response 
rates, survival, and case-ascertainment rather than from 
real diff erences in PD prevalence across ethnic 
groups.6,13,15,16 In fi gure 1 4–8,10,17–19 we summarise age-specifi c 
prevalence rates obtained from population-based surveys. 
PD clearly is an age-related disease: it is rare before age 
50 years and the prevalence increases with age,4–8,10,16–18,20 
up to 4% in the highest age groups.

Some studies reported a higher prevalence of PD in 
men than in women,5,10,16,18,21 although other studies found 
no signifi cant diff erences in PD prevalence between men 
and women.4,7–9 Neuroprotective eff ects of oestrogens 
have been suggested as a possible explanation for a 
higher risk of PD in men than in women, but their role is 
still controversial.22 

Incidence
Reported standardised incidence rates of PD are 8–18 per 
100 000 person-years. Figure 211,12,15,16,19,23–26 shows age-
specifi c incidence rates from prospective population-
based studies with either record-based or in-person 
case-fi nding. Onset of PD is rarely before age 50 years 
and a sharp increase of the incidence is seen after age 
60 years. Some studies observed a decline in incidence in 
the highest age groups15,27 but this is likely an artifact 
caused by increased diagnostic uncertainty due to 
comorbid disorders, diagnostic nihilism, and selective 
loss to follow-up.17 
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Figure 1: Population-based prevalence studies of Parkinson’s disease
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Figure 2: Prospective population-based incidence studies of Parkinson’s disease
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Studies with in-person screening found higher 
estimates of the incidence rates for all age categories 
(fi gure 2).11,12,25 As in prevalence studies, several of the 
prospective studies found evidence for a higher incidence 
of PD in men than in women (table 1).11,12,16,19,21,24–27

Non-genetic risk factors
Methodological considerations
Many environmental risk factors for PD have been 
proposed on the basis of presumed pathogenetic 
mechanisms of the disease. Most of these risk factors 
were examined in retrospective case-control studies, 
which are prone to several kinds of bias, especially 
recall bias, selection of inappropriate controls, or 
inaccurate ascertainment of PD resulting in selected 
case series. An important caveat in the interpretation of 
case-control studies is reversed causality, which may 
particularly play a part in studies on dietary factors. 
Dopamine shortage can aff ect food preferences,28 and 
altered intake of certain nutrients in patients with PD 
may thus erroneously be thought to have an aetiological 
role. 

Even prospective cohort studies with exposure 
assessment before onset of PD may be subject to bias, 
especially when case-fi nding is register-based and 
patients with PD outside medical care—most likely the 
ones with early or mild disease—are not included. 
Furthermore, reversed causality may also play a part in 
prospectively designed studies. Because the exact 
duration of the preclinical period in PD is unknown, 
some of the participants who seem disease-free at the 
start of the study may already have changes due to 
presymptomatic dopaminergic degeneration, which 
might theoretically infl uence study results. Finally, the 
critical time period during which patients are at risk of 
PD is unknown, and therefore whether early, late, 
cumulative, or average lifetime exposures should be 
studied is unknown. 

Occupational exposures: pesticides, herbicides, and 
heavy metals
The discovery in 1983 that several people developed 
typical signs of PD after intravenous injection of drugs 
contaminated with 1-methyl-4-phenyl-1,2,3,6-tetra hydro-
pyridine (MPTP) and the subsequent fi nding that MPTP 
selectively damages dopaminergic cells in the substantia 
nigra29 led to the hypothesis that exposure to 
environmental toxins might be related to the risk of PD. 
Since then, many epidemiological studies have been 
done to examine the association between exposure to 
pesticides and herbicides, as well as hypothesised 
surrogate measures, such as farming, living in rural 
areas, and drinking of well water, and the risk of PD. 
Most of these studies were retrospective case-control 
studies, and thus subject to most of the methodological 
limitations that were mentioned above. Evidence fairly 
consistently points towards a positive association between 

pesticide exposure and PD risk, although results were 
statistically signifi cant in only half of the studies.30 In a 
meta-analysis of 19 peer-reviewed studies on pesticide 
exposure and the risk of PD done between 1989 and 1999, 
Priyadarshi and colleagues31 found signifi cant 
heterogeneity among studies and calculated a pooled 
odds ratio of 1·94 (95% CI 1·49–2·53),31 which fi ts the 
results of more recent case-control studies.32,33 The 
relation between (self-reported) pesticide exposure and 
plantation work and PD has only been examined 
prospectively in one large study among men. A 
signifi cantly increased risk of PD was found among men 
who worked for more than 10 years on a plantation, and a 
non-signifi cant association for men exposed to 
pesticides.34

MPTP as well as the herbicide paraquat and the 
pesticide rotenone are selective complex-I inhibitors and 
induce dopamine depletion in animal studies.35 The 
relevance of this is highlighted by the fi nding of complex I 
defects in the substantia nigra of patients with sporadic 
PD.1

Welding and exposure to heavy metals such as iron, 
manganese, copper, lead, amalgam, aluminium, or zinc 
have also been hypothesised to increase the risk of PD 
through accumulation of metals in the substantia nigra 
and increased oxidative stress.30 Some case reports and a 
few case-control studies have been published, but 
epidemiological evidence for an association between 
metal exposure and risk of PD is still inconclusive.30,36 

Tobacco, coff ee, and alcohol
Smoking
Smoking of cigarettes is among the most studied risk 
factors for PD, and one of the few for which very 
consistent results were obtained. Many epidemiological 
studies have shown a reduced risk of PD among cigarette 
smokers. The vast majority of these were case-control 
studies, but some large prospective cohort studies 
confi rmed their results.37–39 In a large meta-analysis based 
on 44 case-control studies and four cohort studies from 
20 countries, a pooled relative risk of PD of 0·59 was 
calculated for ever smokers, and a relative risk of 0·39 for 
current smokers. In pursuit of completeness, many 

Study population size PD cases Ratio* (95% CI)

Rochester24 53 885 138 1·6 (1·3–1·9)

China26 3 869 162 566 0·9 (0·6–1·4)

Manhattan16 213 000 83 1·6 (1·3–2·1)

Taiwan19 11 411 37 1·1 (0·5–2·7)

Central Spain11 5160 30 2·6 (1·2–5·4)

Rotterdam12 6566 67 1·5 (1·0–2·5)

Italy25 4341 42 2·1 (1·1–4·1)

*Derived from prospective incidence studies.

Table 1: Studies of age-adjusted male-to-female ratios for the incidence 
of PD
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meta-analyses apply rather broad eligibility criteria, and 
results might in part be driven by studies of poor 
methodological quality. However, the pooled eff ect 
estimate for all case-control studies in this meta-analysis 
was only modestly diff erent from the association for all 
cohort studies.40 Our overview in table 237–39 is restricted to 
population-based prospective studies. All of them showed 
a signifi cant inverse association between smoking and 
PD, with more or less similar eff ect estimates. The 
biological basis that might underlie this association is 
still poorly understood. The observations could result 
from bias due to selective mortality of smokers among 
people without PD, inaccurate recording of PD diagnoses 
in smokers, and confounding by unknown factors.40 
Although these factors may have played a part in some of 
the methodologically weaker studies, the consistency of 
fi ndings across diff erent study designs—including 
carefully done large prospective studies—argues against 
bias as the sole explanation. 

Several mechanisms have been proposed to explain the 
potential neuroprotective eff ect of cigarette smoking. The 
most likely explanations involve nicotine, as nicotine 
may stimulate dopamine release, act as an antioxidant, or 
alter activity of monoamine oxidase B.41 Given the role of 
dopaminergic pathways in reward mechanisms, it has 
also been hypothesised that patients with PD might be 
less prone to addictive behaviours, either as a consequence 
of dopamine shortage or due to their genetic make-
up.40,41 

Coff ee consumption
Several studies assessed coff ee consumption in relation 
to PD risk, with fairly consistent results. Again, fi ndings 
from case-control studies have been confi rmed in several 
large follow-up studies (table 3).38,42–44 A meta-analysis 
based on eight case-control studies and fi ve cohort 
studies showed a signifi cantly decreased PD risk for 
coff ee drinkers (pooled relative risk 0·69) that was not 
attenuated when analyses were adjusted for smoking.40 
Caff eine is generally thought to be the active component, 
given that total caff eine intake and intake of caff eine 
from non-coff ee sources were found to be inversely 
related to PD risk, whereas no association was seen 
between other components in coff ee and the risk of PD.42 
Caff eine is an inhibitor of the adenosine A2 receptor and 
improves motor defi cits in a mouse model of PD.42 
Interestingly, in two cohort studies of only men, there 
was a strong and signifi cant inverse association,42,43 
whereas in a cohort of only women this association was 
weaker and only borderline signifi cant.43 Furthermore, 
in postmenopausal women from this latter cohort the 
eff ect of caff eine consumption on PD risk seemed 
dependent on the use of oestrogen-replacement therapy. 
Because oestrogen is a competitive inhibitor of caff eine 
metabolism, interactions between the two may explain 
why the eff ect of caff eine consumption on PD risk in 
women is dependent on the use of oestrogen 
replacement.45,46 These interesting observations await 
confi rmation in other studies.

Alcohol consumption
The fi ndings on smoking and coff ee consumption and 
the hypothesised role of dopaminergic reward systems 
have led some researchers to examine the association 
between alcohol consumption and the risk of PD. 
However, results of a number of case-control studies and 
some prospective cohort studies (table 4)38,47 have not 
been very straightforward, with inverse associations in 
some studies38,48 but no signifi cant association in 
others.46,49–51 

Dietary factors
Various food groups and specifi c nutrients have been 
investigated as potential risk factors that are either related 
to a high or low risk of PD. In most epidemiological 
studies, dietary habits are assessed by means of a food-

Study size PD cases RR (95% CI) Category of comparison

Honolulu Asia Aging Study37 8004 men 58 0·39 (0·22–0·70) Ever vs never smoking

0·25 (0·14–0·46) Current vs never smoking

0·50 (0·28–0·87) Former vs never smoking

Leisure World Cohort Study38* 13 979 395 0·42 (0·25–0·69) Current vs never smoking

0·92 (0·73–1·16) Former vs never smoking

Nurses’ Health Study39 121 700 women 153 0·59 (0·43–0·81) Ever vs never smoking

0·40 (0·20–0·70) Current vs never smoking

0·70 (0·50–1·00) Former vs never smoking

Health Professionals Follow-up 
Study39

51 529 men 146 0·49 (0·35–0·69) Ever vs never smoking

0·30 (0·10–0·80) Current vs never smoking

0·50 (0·40–0·70) Former vs never smoking

RR=relative risk. *Nested case-control study. 

Table 2: Population-based prospective studies of smoking and the risk of PD

Study size PD cases RR (95% CI) Category of comparison

Honolulu Asia Aging Study42 8004 men 102 0·45 (0·30–0·71) Coff ee vs non-coff ee drinkers

Leisure World Cohort Study38* 13 979 395 0·64 (0·48–0·84) Two or more cups of coff ee/day vs no coff ee consumption

Nurses’ Health Study43 121 700 women 153 0·80 (0·60–1·00) Coff ee vs non-coff ee drinkers

Health Professionals Follow-up Study43 51 529 men 146 0·70 (0·50–0·90) Coff ee vs non-coff ee drinkers

Framingham Study44 6048 58 0·89 (0·49–1·63) Coff ee vs non-coff ee drinkers

RR=relative risk. *Nested case-control study. 

Table 3: Population-based prospective studies of coff ee consumption and the risk of PD
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frequency questionnaire, which unavoidably leads to a 
certain amount of error and thus misclassifi cation of 
intake. Moreover, intakes of many nutrients are highly 
correlated and specifi c associations are therefore not 
always easily identifi ed. Most epidemiological research 
on dietary factors comprised case-control studies. Only a 
few population-based prospective cohort studies have 
been done (tables 552,53 and 654–58).

Antioxidants
The focus in nutritional epidemiology has been mainly on 
antioxidants, given the presumed central role of oxidative 
stress in the pathogenesis of PD. Antioxidants, such as 
vitamins E and C, might protect cells against oxidative 
damage by neutralising free radicals. Clinical trials of 
vitamin E supplementation have shown no eff ect on 
primary endpoints, such as the need to start levodopa 
therapy.59 However, these trials were done in patients with 
clinically manifest PD, in whom a substantial proportion 
of the dopaminergic neurons have already degenerated, 
whereas neuroprotection from antioxidants is more likely 
to be eff ective at very early, presymptomatic stages of the 
disease. Although high vitamin E intake has been 
associated with a signifi cantly lower risk of PD in some 
case-control studies,60,61 prospective studies did not confi rm 
this fi nding.52,53 No signifi cant association between vitamin 
C intake and PD risk was observed in several case-control 
studies62–64 and one prospective study.52 

Fat and fatty acids
The relation between dietary fat and PD is unclear. Diets 
with high lipid content could theoretically increase the 
amount of oxygen radicals by lipid peroxidation and thus 
increase the risk of PD.65 Some case-control studies 
indeed reported higher intakes of total fat in patients 
with PD,62,63,66 but in prospective studies either no 
signifi cant association54 or a signifi cant inverse association 
between total fat intake and PD risk was observed.56 The 
positive relation between total calorie intake and PD that 
was found in some case-control studies,62,63,67 was not 
confi rmed in any of the prospective studies either.54–56 
Positive associations for consumption of dairy products 
and milk have been observed in prospective studies, 
although the active component is unknown.57,58

More attention has recently been given to unsaturated 
fatty acids as they may have neuroprotective and anti-
infl ammatory properties.68 Within the Honolulu Asia 
Aging Study, a signifi cantly reduced risk of PD was 
observed with higher intake of polyunsaturated fatty 
acids,55 a fi nding that was recently confi rmed in the 
Rotterdam Study.56 In contrast, in the Health Professionals 
Follow-up Study and Nurses’ Health Study only intake of 
arachidonic acid was associated with a lower risk of PD.54 

Dietary iron
Iron may induce free radical formation and increased 
iron levels have been found in the substantia nigra of 

Study size PD cases RR (95% CI) Category of comparison

Leisure World Cohort Study38* 13 979 395 0·73 (0·56–0·96) Two or more drinks/day vs no alcohol consumption

Nurses’ Health Study47 88 722 women 167 1·00 (0·40–2·20) Highest vs lowest category

Health Professionals Follow-up Study47 47 367 men 248 0·60 (0·40–1·10) Highest vs lowest category

RR=relative risk. *Nested case-control study. 

Table 4: Population-based prospective studies of alcohol consumption and the risk of PD

Study size PD cases Intake RR (95% CI) Category of comparison

Vitamin E

Health Professionals Follow-up Study52 47 331 men 161 Total vitamin E intake 0·89 (0·58–1·34) Highest vs lowest quintile

Dietary intake only 0·65 (0·40–1·05) Highest vs lowest quintile

Nurses’ Health Study52 76 890 women 210 Total vitamin E intake 0·58 (0·36–0·92) Highest vs lowest quintile

Dietary intake only 0·71 (0·44–1·14) Highest vs lowest quintile

Honolulu Asia Aging Study53 8006 men 84 0·83 (0·57–1·19) Per ln of vitamin E intake

Vitamin C

Health Professionals Follow-up Study52 47 331 men 161 Total vitamin C intake 1·08 (0·66–1·78) Highest vs lowest quintile

Dietary intake only 1·55 (0·98–2·46) Highest vs lowest quintile

Nurses’ Health Study52 76 890 women 210 Total vitamin C intake 0·88 (0·52–1·49) Highest vs lowest quintile

Dietary intake only 0·87 (0·54–1·42) Highest vs lowest quintile

Beta carotene

Health Professionals Follow-up Study & 
Nurses’ Health Study52

124 221 371 Pooled data 0·90 (0·63–1·30) Highest vs lowest quintile

RR=relative risk; Ln=natural logarithm. 

Table 5: Population-based prospective studies of dietary antioxidants and the risk of PD
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patients  with PD.30 Two case-control studies found a 
positive association between iron intake and PD,63,69 but 
two others reported no association.62,66 Results of 
prospective studies on the relation between dietary iron 
and the risk of PD have not been published.

Dietary factors related to homocysteine metabolism
Because of the potential neurotoxic eff ects of 
homocysteine, intakes of nutrients that infl uence 
homocysteine concentration (vitamin B6, vitamin B12, 
and folate) have been investigated in relation with PD. In 
one large US-based prospective study no signifi cant 
associations were observed.70 However, considering the 
food fortifi cation with folic acid, the USA may not be the 
ideal setting to assess this association. Results from the 

Rotterdam Study show a signifi cantly decreased risk of 
PD with higher intake of vitamin B6 in the absence of an 
association for vitamin B12 and folate.71 

Infl ammation
The role of infl ammation in the pathogenesis of PD is 
unknown. Upregulation of cytokines was found in the 
brains and cerebrospinal fl uid of patients with PD, and 
activated glial cells have been observed in post-mortem 
material.72 However, whether this immune response is 
the cause or rather a consequence of neurodegeneration 
is unclear, because no prospective studies have 
investigated infl ammatory markers in relation to PD. 
However, in two large prospective epidemiological 
studies, the use of non-steroidal anti-infl ammatory drugs 

Study size PD cases RR (95% CI) Category of comparison

Total calories

Health Professionals Follow-up Study54 47 331 men 191 1·11 (0·73–1·69) Highest vs lowest quintile

Nurses’ Health Study54 88 563 women 168 0·91 (0·54–1·51) Highest vs lowest quintile

Honolulu Asia Aging Study55 8006 men 137 No association No RR estimate given

Rotterdam Study56 5298 51 1·11 (0·81–1·50) Per SD

Total fat

Health Professionals Follow-up Study 47 331 men 191 1·38 (0·87–2·18) Highest vs lowest quintile

Nurses’ Health Study 88 563 women 168 0·86 (0·52–1·43) Highest vs lowest quintile

Rotterdam Study 5298 51 0·69 (0·52–0·91) Per SD

Saturated fat

Health Professionals Follow-up Study 47 331 men 191 1·44 (0·92–2·25) Highest vs lowest quintile

Nurses’ Health Study 88 563 women 168 0·65 (0·37–1·16) Highest vs lowest quintile

Rotterdam Study 5298 51 0·82 (0·61–1·10) Per SD

Animal fat

Health Professionals Follow-up Study 47 331 men 191 1·42 (0·91–2·20) Highest vs lowest quintile

Nurses’ Health Study 88 563 women 168 0·65 (0·36–1·16) Highest vs lowest quintile

Cholesterol

Health Professionals Follow-up Study 47 331 men 191 1·10 (0·68–1·76) Highest vs lowest quintile

Nurses’ Health Study 88 563 women 168 0·79 (0·47–1·33) Highest vs lowest quintile

Honolulu Asia Aging Study 8006 men 137 No association ··

Rotterdam Study 5298 51 0·81 (0·59–1·10) Per SD

MUFA

Health Professionals Follow-up Study 47 331 men 191 1·00 (0·63–1·61) Highest vs lowest quintile

Nurses’ Health Study 88 563 women 168 0·78 (0·45–1·35) Highest vs lowest quintile

Honolulu Asia Aging Study 8006 men 137 No association ··

Rotterdam Study 5298 51 0·68 (0·50–0·94) Per SD

PUFA

Health Professionals Follow-up Study 47 331 men 191 0·82 (0·53–1·27) Highest vs lowest quintile

Nurses’ Health Study 88 563 women 168 0·92 (0·56–1·49) Highest vs lowest quintile

Honolulu Asia Aging Study 8006 men 137 Signifi cant inverse association No RR estimate given

Rotterdam Study 5298 51 0·66 (0·46–0·96) Per SD

Dairy products

Health Professionals Follow-up Study 47 331 men 210 1·8 (1·2–2·8) Highest vs lowest quartile

Nurses’ Health Study 88 563 women 184 1·1 (0·7–1·7) Highest vs lowest quartile

Milk

Honolulu Asia Aging Study 7504 men 128 2·3 (1·3–4·1) Highest vs lowest group

RR=relative risk; SD=standard deviation; MUFA=monounsaturated fatty acids; PUFA=polyunsaturated fatty acids.

Table 6: Population-based prospective studies of dietary fat and fatty acids and the risk of PD



http://neurology.thelancet.com   Vol 5   June 2006 531

Review

was associated with a low risk of PD, which may indicate 
a potential neuroprotective role.73,74

Oestrogens
The role of oestrogens in PD is disputed. The higher 
prevalence and incidence of PD in men in various 
epidemiological studies have prompted the hypothesis 
that female sex hormones would somehow protect 
against neuronal cell death. Animal studies have provided 
evidence for a potential benefi cial eff ect of oestrogens on 
PD, possibly through antioxidant properties.22 In a small 
trial in postmenopausal women with PD, signifi cant 
improvement of motor function was seen in patients 
who received oestrogens.75 Case-control studies on the 
relationship between use of oestrogens or length of the 
reproductive period and PD risk show confl icting 
results.76–79 Large observational studies that prospectively 
study the eff ect of oestrogen concentrations or hormone 
therapy on the risk of PD are needed, but no such study 
has been reported.

PD and cancer
Some epidemiological evidence suggests a low incidence 
of many common types of cancers in individuals with 
PD.80–82 The initial hypothesis that this fi nding might have 
resulted from the inverse association between smoking 
and PD did not hold, because a low incidence has been 
described for both smoking-related and non-smoking-
related cancers.81,83 An alternative hypothesis that was 
brought up recently states that a specifi c genetic 
background that can protect from cancer might also 
predispose an individual to neurodegeneration in PD, or 
vice versa.83 Some of the genes that cause familial PD 
(PINK1, UCHL-1, LRRK-2, and DJ-1) seem to have a 
peripheral role in the cell cycle and mutations in these 
genes might theoretically infl uence cancer risk.83 
However, the evidence for an inverse association between 
PD and cancer is rather weak, and in at least one large 
study the incidence of cancer was signifi cantly higher in 

patients with PD than in contols matched for age and 
sex.84 More research is needed to confi rm the existence of 
a link between cancer and PD and to clarify the remaining 
questions. 

Miscellaneous
Several other factors have been investigated in relation to 
PD. Physical activity was related to a low risk of PD in 
men in one large prospective cohort study.85 Several case-
control studies showed a positive association between 
head trauma and subsequent PD, although this relation 
is still controversial.30 Other factors that have been linked 
to a high risk of future PD include olfactory disturbances, 
a certain risk-avoiding personality type, depression, and 
anxiety.86 

Genetic risk factors
Causative genes
Monogenetic causes do not seem to have a primary role 
in most cases of PD. Although in several studies a positive 
family history has been associated with a high risk of PD, 
in most cases a clear mode of inheritance could not be 
established.87 A signifi cant eff ect of genetic factors was 
found in a study among almost 20 000 male twins, but 
predominantly in PD with onset before age 50 years.88 
Since 1997, several families have been identifi ed with 
parkinsonism with clear mendelian inheritance, and 
monogenetic forms are now estimated to cause about 
10% of PD cases. Current knowledge of PD genetics has 
recently been extensively reviewed,87,89 therefore only an 
updated overview of the genes and loci believed to cause 
familial PD is presented in table 7.87,89–92 These monogenetic 
diseases might make up a distinct category of 
parkinsonian syndromes. Many of the familial forms 
display clinical features that are considered atypical for 
PD, such as young onset, dystonia, or early occurrence of 
dementia. However, some are clinically indistinguishable 
from idiopathic PD, although classic histological features 
are absent. Genetic advances have thus contributed to 

Gene Chromosome Inheritance Clinical features Protein Protein function

α synuclein (PARK1)87,89 4q21 AD Similar to IPD, young onset, rapid progression α synuclein Lewy-body component

Parkin (PARK2)87,89 6q25·2–27 AR Young onset, slow progression, early dystonia, and dyskinesia Ubiquitin ligase UPS component

UCHL-1 (PARK5)87,89 4p14 AD Similar to IPD UCHL-1 UPS component

DJ-1 (PARK7)87,89 1p36 AR Young onset, levodopa-responsive DJ-1 Protection against oxidative stress

PINK1 (PARK6)87,90 1p35–36 AR Young onset, benign course, levodopa-responsive PTEN-induced kinase Protection against mitochondrial dysfunction

LRRK2 (PARK8)91 12p11·2–q13·1 AD Similar to IPD Dardarin Unknown

NR4A2 (NURR1)89,92 2q22–q23 AD* Late-onset PD Nuclear receptor Diff erentiation or survival of dopaminergic neurons

PARK387 2p13 AD Similar to IPD, levodopa-responsive

PARK487 4p16 AD Similar to IPD, plus dementia and dysautonomia, young onset

PARK989 1p36 AR Parkinsonism with spasticity, dementia, and supranuclear palsy

PARK1087 1p32 Unknown Similar to IPD

PARK1189 2q36–37 Unknown No defi nite phenotype reported 

AD=autosomal dominant; AR=autosomal recessive; IPD=idiopathic PD; UPS=ubiquitin proteasome system. *As yet unclear whether causal or susceptibility gene. 

Table 7: Gene mutations involved in familial PD
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the recent conceptualisation of PD as several 
neurodegenerative diseases with clinical and pathological 
overlap. 

Susceptibility genes
Sporadic cases of PD are generally thought to result 
from complex interactions between environmental and 
genetic factors. Numerous association studies have been 
done on candidate genes that were hypothesised to 
contribute to the risk of sporadic PD. The most 
commonly studied candidate genes include genes 
involved in dopamine metabolism, mitochondrial 
metabolism, detoxifi cation, other neurodegenerative 
diseases, and familial PD and genes associated with 
putative risk factors for PD (lipoproteins, hormonal 
factors, homocysteine metabolism).93–98 Studies on 
susceptibility genes diff er considerably with respect to 
recruitment of patients, PD diagnosis, or the selection of 
controls, and most found either no eff ects or weak 
associations that could not be reproduced in a diff erent 
setting. Insuffi  cient statistical power is a major drawback 
in most of these studies. Given the supposed 
multifactorial causes underlying PD, the eff ect of each 
individual susceptibility gene is expected to be small and 
large numbers of case-control pairs are required to detect 
these small eff ects. Moreover, certain polymorphisms 
(eg, those involved in toxin metabolism) might only 
increase PD risk in combination with particular 
environmental exposures that are commonly not 
assessed.94

Several meta-analyses have been done to increase 
statistical power.94–96 Only a few polymorphisms (in the 
genes NAT2, MAOB, GSTT1,94 the APOE ε2 allele,95 and 
the tau H1 haplotype96) appeared signifi cantly associated 
with PD, but the pathophysiological signifi cance of all 
these polymorphisms is unknown. More recent 
approaches focused on polymorphisms in mitochondrial 
DNA, suggesting that some of these variants may modify 
susceptibility to PD.99

Prognosis
Methodological considerations
Several studies investigated the life expectancy and 
occurrence of dementia in patients with PD. Most of these 
studies were done in patient groups from specialised 
centres or used medical records to fi nd cases. Patients 
with relatively mild symptoms are likely to be under-
represented in these studies and results therefore are not 
representative of the general population. Besides, many of 
these studies did not account for duration of disease at the 
time of enrolment. Population-based cohorts likely yield 
more accurate results, in particular when based on 
incident cases. In several prospective epidemiological 
studies, mortality rates in patients and controls diverged 
with increasing time since diagnosis.100,101 A long delay 
between diagnosis and inclusion in a prognostic study of 
PD may therefore lead to overestimation of mortality risk. 

Mortality and dementia
Most epidemiological studies suggest that PD reduces 
life expectancy with fairly consistent results despite 
diff erent methodologies. Mortality hazard ratios were 
between 1·5 and 2·7 (table 8).15,100–109 About 25–40% of the 
patients with PD eventually develop dementia, due to 
spread of degeneration and Lewy bodies to the cerebral 
cortex and limbic structures.110 Epidemiological studies 
have reported that the risk of dementia is 1·7–5·9 times 
higher in patients with PD than in healthy people.110–114 
Factors that seem to infl uence the risk of dementia, 
although not consistent across studies, include age at 
onset of PD, disease duration or severity, and APOE 

genotype.109,112,114 Dementia seems largely responsible for 
the reduced life expectancy of patients with PD, as 
mortality risk is only moderately increased in those who 
do not develop dementia.114 

Conclusions 
PD is a common disease, especially beyond age 60 years. 
In sporadic cases, the causes and aetiology are still largely 

Location (country) Type of study Source of study Cases Type of cases Follow-up (years) HR (95% CI)

Morens15 (1996) Honolulu (USA) Cohort study Population 92 Incident 29·0 2·50*

Louis102 (1997) New York (USA) Case-control Hospital 180 Prevalent 3·0 2·70 (1·7–4.4)

Hely101 (1999) Sydney (Australia) Case series Hospital 130 Prevalent 10·0 1·58 (1·.21–2·02)† 

Berger103 (2000) Europe (fi ve countries) Five cohort studies Population 252 Prevalent Variable 2·30 (1·80–3·00)

Morgante104 (2000) Sicily (Italy) Case-control Population 59 Prevalent 8·0 2.30 (1·60–3·39)

Guttman105 (2001) Ontario (Canada) Case-control Register 15 304 Prevalent 6·0 2·50 (2·40–2·60)

Elbaz100 (2003) Olmsted (USA) Case-control Register 196 Incident 7·2 1·60 (1·20–2·14)

Fall106 (2003) Ostergotland (Sweden) Case-control Population 170 Prevalent 9·4 2·40 (1·9–3·0)

Herlofson107 (2004) Rogaland (Norway) Case series Population 245 Prevalent 8·7 1·52 (1·29–1·79)*

Hughes108 (2004) Leeds (UK) Case-control Hospital 90 Prevalent 11·0 1·64 (1·21–2·23)

de Lau109 (2005) Rotterdam (Netherlands) Cohort study Population 166 Both 6·9 1·83 (1·47–2·26)

*In people age 70–89 years, 95% CI not given; †Standardised mortality ratio. HR=mortality hazard ratio.

Table 8: Studies of mortality hazard ratios for PD
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unknown. For most of the factors, evidence is still 
inconclusive and, thus far, older age and smoking habits 
are the only risk factors for PD that have consistently been 
found across studies. Many of the initial studies on the 
epidemiology of PD were too small or had methodological 
limitations that hampered the interpretability of their 
fi ndings. The paucity of well-designed and suffi  ciently 
large studies has been a serious limiting factor in 
epidemiological research of PD in the past. Only recently 
have several prospective cohort studies reached a stage 
where they have enough incident patients and person-
years of follow-up to investigate possible risk factors for 
PD. The potential yield of these cohort studies is of 
extreme importance, not only for the identifi cation of new 
risk factors, but also for promising research areas, such 
as proteomics and the presymptomatic detection of PD, 
and to establish the population eff ect of fi ndings from 
mechanistic and genetic studies. In the coming years, 
and possibly through pooling of studies to further increase 
statistical power, we will gain a better insight into the role 
of environmental factors in the pathogenesis of this 
devastating disease.
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