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This paper is largely taken from an earlier published review: Ben-Shiomo Y. The epidemiology of
Parkinson's disease. Baillieres Clinical Neurology. 1997; 6:55-68.

Epidemiology has essentially four roles: (i) measuring the health status of a population and
identifying groups at high risk or clusters of disease, (ii) determining aetiological risk factors that may
be amenable to intervention and hence preventing disease, (iii) describing the natura history of
disease and measuring the impact of interventions, (iv) planning and evaluating the provision of
health services. Past epidemiological effort has centred mainly on describing the frequency of
Parkinson’s disease (PD) with respect to time, place and person and identifying potential risk factors
with relatively less concern on the natural history and planning services for PD patients.

Temporal Patterns

Temporal data are difficult to interpret, especially mortality rates, as variations may reflect chance,
increased diagnostic awareness, improved survival due to treatment or secular changes in life
expectancy as well as true differences in incidence of disease. Death certification data provides us
with information over the longest time span, athough they have additional problems with accuracy
and completeness. Mortality patterns from severa different countries show fairly consistent results;
mortality rates amongst older populations (>75 years) show a steady increase, whilst the rates for
younger populations (< 65 years) have been declining. This pattern has been seen in several different
countries (1-6).

Almost certainly diagnostic awareness increased after the introduction of levodopa therapy in the
1970s. However, the increase in mortality appears to predate this period. It also cannot explain why
the proportional increase in male mortality for England and Wales and the USA(1) is greater than for
women (see sex differences below). Thisis unlikely to reflect ascertainment or treatment effects. One
suggestion(7) to explain this observation is that the declining mortality from other diseases, such as
cardiovascular disease, has increased the pool of susceptible individuals that could develop PD. This
may be true if PD and cardiovascular disease shared a common aetiology, but there is no evidence to
support thisidea.

The divergence of age-specific mortality rates may reflect a ‘cohort’ effect, whereby some cohorts of
individuals born and growing up in a certain time period are uniquely at greater risk of disease than
other birth cohorts due to a self-limiting exposure, such as the encephalitis lethargica epidemic.(8).
Birth cohorts born between 1875-1895 do appear to have excess mortality rates.(2;4;9). It is still too
soon to fully evaluate this hypothesis as cohorts born after the epidemic from the mid 30s are till
relatively young (< 65 years) and have not reached the age when mortality rates have been shown to
be increasing. The cohort hypothesisis also unlikely to explain the differential mortality increase seen
for men (see above) as there was little difference in encephalitis |ethargica mortality rates for men and
women.(10)

Data from Rochester, Minnesota are unique in providing incidence rates from 1935 to 1979.(11-13)
The annual incidence rate has increased from 11.4 per 100,000 in 1935-1944 to 18.2 per 100,000
between 1967-1979, but the age-adjusted rates have remained fairly constant over the last 30
years.(14). However, like the mortality data, the rate for cases aged between 40-69 does appear to
have declined whilst that for the over 70 years has shown an increase. A reanalysis of incidence data
from Rochester data between 1976 to 1990 has provided further data to help us interpret the temporal
trends.(15) Overall rates have remained relatively stable but the age-specific patterns are consistent
with a divergence by age group (see figure 1) so that rates have been increasing for older subjects and
decreasing for younger subjects.



Figure 1. Temporal trendsfor age specific incidence rates between 1976 to 1990 from Rochester, Minnesota.
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Early comparisons of international mortality rates showed fairly large differences (7-8 fold) between
countries(16). However, more careful comparisons of prevalence surveys demonstrates that
differences are not so marked. Age-adjusted prevalence rates suggest that a threefold difference may
exist between Libya (57 per 100,000) to Iceland (182 per 100,000).(14) If comparison is restricted to
the 50-69 year age-range, differences between various European countries is reduced to less than two-
fold (80%), excluding Iceland.(17)

Community door-to-door studies suggest that prevalence rates are fairly similar between both
developed and some devel oping countries. A large cross-sectional study of both rural and urban areas
in Beijing, Xian and Shanghai found the age-standardised prevalence rate for subjects 65 years or
older to be 2.1% for both sexes similar to that found in Rotterdam (2.1%) and Europe (1.7%).(18)
Similar data has aso been seen from arural area of Taiwan.(19)

Sociodemographic Factors

There is little controversy as to the increasing risk of developing PD with age. Earlier hospital-
based or multi-source prevalence studies tended to demonstrate that  incidence/prevalence rates
increase with age but finaly fal for the oldest age-groups(17). However, population-based studies
consistently show that prevalence rates increase continuously in an exponential fashion.(20) This
supports the notion that earlier studies failed to fully ascertain older PD cases.

The majority of studies support an excess of male to female cases. The average ratio of male to
female standardised rates is 1.35 from prevalence studies and 1.31 from incidence studies, but the
range of values is wide.(14) This excess is seen for both multi-source and population-based studies,
but the male excess appears smaller in population-based studies(21). The possibility that relative
reduction of risk seen in women may be a role biological effect is supported by data from a large
cohort study of women who had their ovaries removed surgically for gynaecological reasons. The risk
of developing PD was more similar to that of men than control women suggesting a potential
protective effect of oestrogens (Rocca, personal communication).

Socioeconomic position (or educational level in US studies) has not been examined in many studies
but where it has the association has been generally found to be either inconsistent or positively
associated so that higher levels of socioeconomic position or education were associated with an



increased risk. A case control study from Rochester noted a doubling of risk (odds ratio 2.0, 95% CI
1.1 to 3.6) for 9 or more years of education. (22) Physicians were at increased risk (odds ratio 3.7,
95% CI 1.0 to 13.1) but this was based only relatively small numbers.

Early reports stated that PD was less common for blacks as compared to whites.(23;24). Various
hypotheses were put forward suggesting that the increased melanin pigmentation of blacks afforded
some protection against developing PD. However, the Copiah county study demonstrated similar age-
adjusted prevalence rates(25). Blacks were more likely to be newly diagnosed (58%) than whites
(32%). A recent study from New York noted lower prevalence rates for black men and women but
higher or similar incidence rates(26). This implies that blacks with PD have worse survival than their
white counterparts. No evidence could be found that blacks presented with more severe disease or
with alonger duration of symptoms. Both these studies suggest that blacks with PD have worse access
to health care in the USA compared to their white counterparts.

Risk factors

James Parkinson postulated a possible role for trauma, alcohol and long lying on the damp ground but
noted that “on the subject indeed of remote causes, no satisfactory accounts has yet been obtained
from any of the sufferers.”(27). A wide variety of agents have been considered, from anaesthetic
exposure to years of rural residence (see Table 1).

I nfections

Initial interest focussed on potential infectious agents due to the experience of post-encephalitic
parkinsonism following the epidemics of Von Economo’ s disease. Poskanzer and Schwab postulated
a hypothesis that idiopathic PD might be related to subclinical infection (8). They postulated a birth
cohort effect with individuals born between 1870-1900 being at greatest risk of exposure during the
epidemic and hence developing PD. Whilst there has not been a major decline in PD incidence, as
predicted by this hypothesis, there is some support for the possibility of a birth cohort effect (see
above).

Other infectious agents have been postulated, such as intra-uterine influenza(28), measles (protective
exposure)(29) and age at whooping cough infection(30). Serological analysis does not however
support the notion of a specific infection being any more common in cases of PD(31;32).
Pathological examination has also failed to detect specific vira particles, inclusions or antigens in
brain autopsy material (33). Whilst serological data is objective, it cannot differentiate between age at
infection which might be a more important predictor than infection by itself (34).

Neur otoxins

Enthusiasm for examining for environmental factors waned until the occurrence of MPTP-induced
parkinsonism(35); a“natural human experiment” of neurotoxicity. Whilst it was clear that exposure to
MPTP was exceptionally rare, this provided strong impetus in searching for a more common
neurotoxin. The toxic hypothesis has been given further credence by the observation that PD cases
have relatively less effective detoxification systems.(36;37) suggesting that PD may result from the
combination of an inherited susceptibility and an environmental toxin.

Similarity between MPTP and paraquat(38) quickly led Canadian researchers to examine the
ecological relationship between PD and the use of pesticides.(39) Their findings supported a toxic
hypothesis as PD appeared to be more common in agricultural areas and areas of intensive market
gardening, which also had the highest use of pesticides. Some case control studies have found a
significant association with pesticides(40-43) whilst others have not(44-47). One important
consideration is that the positive associations with pesticides reflect recall bias, cases being more
likely to report exposure than controls because they believe that the exposure may have played some
rolein causing their disease. The dangers of this sort of bias are well illustrated from a recent German
study which noted significantly raised odds ratios (1.8 and 2.3) for self-reported exposure to wood
preservatives at work. However, when exposure was reclassified using a more objective “job exposure
matrix” there was no difference(43).



The public health importance of pesticide use as a cause of PD is limited. Assuming a causal
relationship, the population attributable risk, that is the percent of all PD cases that might be related to
occupational pesticide use, is only around 10%, though this could vary between 2-25% (95%
confidence intervals).(40) Similarly pesticides are unlikely to explain the tempora trends(48)as
paraquat and other pesticides were only introduced in the last thirty years, after the increase in secular
trends began. However, they might explain the relatively larger increases in mortality seen for men.

Table 1 Possible environmental risk factors for PD

Toxic exposures I nfectious exposur es Miscellaneous exposur es
Pesticides/herbicides +++ Influenza + Introvert personality ++
Solvents ++ Whopping cough + Head trauma ++
Wood preservatives + Shingles o} Dietary vitamin c ++
Mercury + Chicken pox o] Dietary vitamin e +
Industrial residence + Mumps o] Rural residence +
Lead o] Measles - Well water +
Zinc o] Higher educational level +
Copper 0 Socio-economic status 0
Nickel 0 Birthweight o]
Birth order 0
Prematurity o]
Alcohol -
Coffee
Smoking

(key: + to ++++ indicates weak to very strong evidence of an increased risk between exposure and PD, o indicates ho
association, - to ---- indicates weak to very strong evidence of a decreased risk between exposure and PD)

Smoking and per sonality

The inverse relationship between smoking and PD has been noted since the days of the early smoking
cohort studies both in the USA and UK(49;50). The consistency of this finding in different
populations and using different methods makes it reasonable to exclude chance as an explanation for
this association. This finding is also seen with early onset cases and therefore excludes the * selective
mortality’ explanation(51) that smokers with a propensity to develop to develop PD die from smoking
related diseases before they develop PD(52).

There are several biologically plausible reasons why smoking may protect or retard the devel opment
of PD(53-55). However, if smoking reduced the rate of age-related nigral cell death, one would
predict that smokers who developed PD would both be older in age than non-smokers and have a
slower rate of disease progression. Both of these predictions are not, however, supported by empirical
evidence.(56-58).

If one does not believe that smoking is directly protective are there any other reasons to explain this
strong association. Personality may provide the link between both an individual’s smoking behaviour
and Parkinson’ s disease. There are two possible alternatives: (a) PD may have along preclinical latent
period(59) which results in personality changes that are associated with a reduced likelihood of either
taking up or continuing smoking. (b) A specific exposure or genetic susceptibility may be associated




with certain personality traits. The former directly increase the risk of PD whilst indirectly influencing
smoking behaviour through personality. Smokers do appear to differ in personality traits and are more
likely to be extrovert or exhibit type A behaviour(60), whilst non-smokers have higher levels of
shyness and defensiveness.(61) This is consistent with the reported personality differences for PD
cases, such as introvertism.(62;63) A follow-up study of a large cohort who were assessed using the
MMPI has shown that anxious individuals are more likely to get PD consistent with the idea that
smoking may not be causally protective (Rocca, personal communication).

Head trauma

The idea that trauma might be causal is as old as the disease itself(27), but is difficult to evaluate due
to the problem of recall bias. Severa studies have noted a positive association for any head
injury(47;64), and also for severe injury resulting in loss of consciousness(47), which should be less
biased as such events should be recalled equally well by both cases and controls. Only one study has
examined a cohort of subjects with recorded head injuries and followed up their risk of PD. This
study failed to find any increased risk but had limited statistical power.(65) Recent evidence from
Rochester, Minnesota using record linkage supports a potentia role of head injury. (66) They found
an odds ratio of 4.3, 95% Cl 1.2 to 15.2. What is important about this study is that head injury
classification was not based on self-report and hence may have been biased by recall, but on linkage
to medical records that had this data recorded prior to the onset of disease.

Rural residence and well water

At around the same time that an excess of PD was noted in rural agricultural areas, other Canadian
researchers noted an association between rural residence and well water consumption.(67). Some
studies have confirmed this increased risk for rural areas(44-46;68-70) whilst other have not.(41-
43;47;71;72) Demographic variables, such as rura residence are particularly sensitive to the method
of recruiting controls and the possibility of selection bias. In this case it is noteworthy that the only
two studies which selected proper population-based controls failed to find any association with rural
residence(43;71). It is not surprising that studies that demonstrate a relationship between rural
residence also tend to show a relationship with well water as the two exposures are closely correlated
to each other(44-46). Well water could act as a carrier of a potential toxin or as a vector for an
infective agent. Alternatively well water, like rural residence, may again be simply a proxy marker for
another exposure which is more common in rural environments. Again any association between well
water and PD could reflect selection bias, as studies with population-based controls fail to show any
association(43;71).

Dietary factors

There is increasing interest in the potential role of oxidative damage in the aetiology of PD(53) and
hence more recent studies have examined the role of dietary anti-oxidants. Severa studies have found
a relationship between specific food stuffs and PD but these are rather tentative. For example, one
study showed a ‘protective’ effect with peanut consumption only in females, and for salad with
dressing only in males.(69) Nuts and seeds appeared to be harmful in yet another study.(42) An
analysis of multiple food items from afood frequency questionnaireis particularly liable to significant
associations by chance due to multiple significance testing (type | error). More recently results from
prospective cohort studies are becoming available. These avoid the problems of both inaccuracy and
recall bias. The most impressive data come from a large prospective cohort study of 41,836 women,
who have been followed up for 6 years. In this study there was no association between vitamin E and
PD but a significant protective effect was seen for both vitamin C and manganese consumption, whilst
vitamin A was associated with an increased risk.(73) Similarly a nested case control study from the
Honolulu Heart Cohort Study using previously documented data intake showed an inverse association
between PD and frequency of legume intake (odds ratio 0.27)(74). However, after the data was
converted to a continuous measure of vitamin E intake, there was no significant protective effect. The
Honolulu Heart Program follow-up has also examined coffee consumption as using a 24 hour dietary
recall questionnaire. Incidence rates were calculated over a 30 year follow-up period. The adjusted



relative hazard ratio for non coffee drinkers compared to those consuming > 28 0z/d was 5.1 (95% ClI
1.8'to 14.4), with a marked dose response effect (adjusted for age and pack-years of smoking).(75)

Mortality risk

There is surprisingly little good quality data on the natural history of PD. Most work has examined
mortality, either internally or by comparing rates with the general population. Levodopa treatment
may have increased survival resulting in a shift of the age-specific mortality curve to the right by
about 5 years.(76) Whilst it istrue that PD patients have greater life expectancy today, there has been
a secular increase in life-expectancy for the whole population, so that any individual would be
expected to live 4-5 years longer between the 1960s and the 1980s. There is some evidence to suggest
that the initial introduction of levodopa therapy may have delayed death.(77) This is supported by the
observation that cohorts with relatively short follow-up are more likely to show smaller mortality
differentials and these increase with further follow-up(78;79). More recent cohorts, where amost all
patients will have been treated with levodopa still show a two-fold increased risk of death compared
to the general population (Aberdeen: 2.4 95% confidence intervals 1.6-3.4)(80) East Boston: 2.0 95%
confidence intervals 1-6-2.6(81). These figures are lower but still compatible, as seen by the overlap
of the confidence intervals, with the mortality seen for the pre-levodopa series of patients described
by Hoehn and Y ahr (Columbia: 2.9 95% confidence intervals 2.4-3.6)(82). Little is also known about
what factors predict prognosis. Younger patients have longer survival than older patients(83).
However, given their longer life expectancy, they will lose more years of life than older patients. In
fact the relatively mortality of younger patients compared to the general population is greater. Patients
aged between 25-54 years were amost 4 times more likely to die whilst those between 75-84 years
had twice the risk compared to a normal population control group.(84) It has also been suggested that
women have worse prognosis than men(85). However, this probably reflects selection bias in hospital-
based samples.(84) Cases with tremor onset have better prognosis than those presenting with postural
instability and gait disturbance(86). This partially reflects misdiagnosis as the latter group are more
likely to contain cases of multiple system atrophy or progressive supranuclear palsy(86), and these
other parkinsonian syndromes have worse mortality(87).

Summary

Epidemiologica research has confirmed that Parkinson’s disease is found throughout the world and
increases exponentialy with age. Little good quality data on the temporal incidence of Parkinson's
disease is available. Differences in prevalence between identical ethnic groups in different countries
supports the role of an environmental factor. A wide variety of aetiologic agents have been considered
from infectious, toxic and other exposures. The most robust finding is that non-smokers have a greater
risk of disease. Future research needs to improve on current limited methods of exposure
measurement and attempt more novel designs to overcome bias. More attention should be made on
examining what factors determine prognosis and using epidemiological and qualitative methods to
determine needs of patients with PD.
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