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Survival and cause of death in a cohort of patients
with parkinsonism: possible clues to aetiology?

Yoav Ben-Shlomo, M G Marmot

Abstract
Most previous studies that have exam-
ined the survival of patients with
parkinsonism have recruited them from
specialist centres. No previous study has
ever reported cause specific mortality.
We report on the mortality of a cohort of
220 parkinsonian patients recruited
between 1970 and 1972 from 40 primary
health care practices all over England
and Wales and matched to 421 controls.
At 20 years offollow up, 195 cases (88-6%)
and 295 controls (70.1%) were no longer
alive (P < 0.001). The median age at
death for cases was 77-6 (range 53-8-97-3)
and 83'5 (range 55.0-100.1) for controls
(P < 0.001). The all cause hazard ratio
for cases compared with controls was 2-6
(95% confidence interval (95% CI)
2.2-3.2) controlling for age, sex, and geo-
graphical region. There was little differ-
ence between men and women.
Differences for cause specific mortality
also emerged. Both ischaemic heart dis-
ease (2.3, 95% CI 1.5-3.4) and cere-
brovascular disease (3'6, 95% CI 2.2-6.1)
showed significantly increased hazard
ratios. Possible reasons for these findings
are discussed in terms of (a) competing
causes of death, (b) a secondary effect of
drug treatment, and (c) common aetio-
logical factors for both parkinsonism and
cardiovascular disease.

(7 Neurol Neurosurg Psychiatry 1995;58:293-299)
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controls and may have underestimated the
relative mortality as such controls are more
likely to have other serious diseases. Almost
all of these studies have recruited their cases
from specialist neurology units. This is prob-
lematic as specialist units may, in general,
recruit more atypical and severe cases of neu-
rological diseases.'7 Only one study has been
based on the follow up of a representative
population based sample.'6 This study impor-
tantly reported that parkinsonian cases had a
2*5-fold greater relative risk of dying than the
general population, similar and only slightly
improved on the relative mortality seen for the
prelevodopa era.4 This result was based on
follow up for only a 3-5 year period.

Cause of death among parkinsonian
patients may provide a useful insight into aeti-
ology. If they are also more likely to die of
another disease, there may be a common
genetic or environmental link between these
disorders. No previous study has ever exam-
ined cause specific mortality of Parkinsonian
cases compared with the general population.
We have examined both total and cause

specific mortalities of a cohort of parkinsonian
cases and matched population based controls
recruited from primary health care facilities
followed up for a 20 year period. This avoids
previous methodological problems concerning
ascertainment bias and the choice of an appro-
priate comparative group. Our aims were (a)
to determine whether the mortality of parkin-
sonian cases had improved since the introduc-
tion of levodopa; (b) to determine whether any
possible clue to the aetiology of parkinsonism
might be found if these cases were more or less
likely to die of other diseases.
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The introduction of levodopa treatment in the
late 1960s had a clear and dramatic effect on
the symptoms of patients with Parkinson's
disease. Unfortunately no randomised
placebo controlled trial was ever established.
It is generally assumed that the introduction
of levodopa treatment has improved the rela-
tive mortality for parkinsonian cases com-
pared with the rest of the population. Most
previous research has either been based on
case series without healthy control data' 2 or
has used comparative routine mortality statis-
tiCS.3-14 All but two of these studies used
national mortality, which may not be appro-
priate due to variations in regional mortality.
Two studies have compared the mortality of
parkinsonian cases with relevant matched
controls.'5 16 (See table 1 for a summary of
other studies.) One of these'5 used hospital

Subjects and methods
The cohort of parkinsonian cases and controls
was derived from 64 general practices
throughout England and Wales that took part
in the Second National Morbidity study. 18
The diagnoses for all patient episodes were
recorded for a one year period. All subjects
were recruited into the cohort between 25
November 1970 and 23 November 1972. In
1981, the computerised records were used to
identify all patients with a diagnostic code of
Parkinson's disease. Two controls were ran-
domly selected from the register of the same
practice and matched by sex and same year of
birth. The NHS numbers of all subjects were
sent to the National Health Service Central
Register to determine vital status. All deaths
were subsequently informed to us by flagging
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Table 1 Studies reporting mortality for Parkinsonian cases compared with the general population*

Period of Sample Method of Comparative Mortality rate
Authors recruitment size recruitment data ratiost

Prelevodopa:
Nobrega et aP 1935-66 203 Rochester residents, Rochester age specific 1-6

USA mortality
Hoehn and Yahr4 1949-64 856 (271) Neurology clinic, USA life tables 2 9

New York, USA 1960
Postlevodopa:

Zumstein et all 1969-71 1155 ? Neurology clinic, Zurich, Swiss mortality data 1.0
Switzerland

Diamond and Markham6 1968-69 1087 20 medical centres, USA USA life tables 1 03
Hoehn' 1968-82 182 Neurology clinic, Denver, USA Public Health life tables 1 2

USA 1971-81
Joseph et al' 1969 1625 29 neurologists, USA ?USA life tables 1-33 adjusted for dropouts
Diamond and Markham9 1972-74 327 19 neurologists, USA USA mortality data 1 42
Rinne et al'° 1969-78 349 Neurology centre, Turku, ? Finnish life tables 1 6

Finland
Rajput et al'4 1967-79 138 Rochester residents, Age and sex matched hospital 1 6 (mortality of patients

USA controls treated with levodopa noted to
be no different from controls)

Cedarbaum and McDowell" 1968 100 New York medical centre, ?USA age-sex 1.9
USA mortality

Diamond et all' 1968-70 359 Four centres, USA USA mortality data 2-14
Ebmeier et all ? 1984 267 Population based ascertainment, General practice matched 2 35

Aberdeen, Scotland controls by sex and age
Curtis et all' 1969-72 176 Neurology clinic, London, UK London age specific 2 6

mortality

*Where the results of a cohort have been published after varying periods of follow up, only the longest period is cited.
tA mortality rate ratio is the relative mortality of parkinsonian cases compared with a control population; a ratio greater than 1 0 indicates worse mortality for
patients with Parkinson's disease.

the relevant records. As subjects died at differ-
ent geographical locations, the cause of death
would have been recorded by different doc-
tors. No subjects were directly approached
and the diagnosis of Parkinson's disease was
not validated. Information on age, sex, case or
control status, and area of residence was col-
lected for all subjects. Residence was used to
classify all subjects into four regional areas:
southern England, midlands, northern
England, and Wales.

All entries on the death certificate were
coded from the ninth revision of the
International Classification of Diseases.
Cause of death was coded with standard rules.
All the causes of death were checked before
analysis by one of us (YB-S). Care was taken
to follow the World Health Organisation
(WHO) rule 3 in determining cause of death.
For example, if bronchopneumonia was the
sole entry in part I and Parkinson's disease
was mentioned in part II, Parkinson's disease
was coded as the cause of death. The following
analysis presents data up to December 1991,
which provides an average of 20 years of fol-
low up.

Death has been classified as being due to
ischaemic heart disease (IHD; ICD codes
410-414), cerebrovascular disease (ICD
codes 430-438), neoplasm of trachea,
bronchus, and lung (ICD code 162), or any
neoplasm (ICD codes 140-239), chronic
obstructive airways disease (ICD codes
490-496), other respiratory disease (ICD
codes 460-519, but excluding chronic
obstructive airways disease). Neoplasms have
also been classified according to whether
smoking is considered to play a part in their
aetiology.1920 The causes deemed to be smok-
ing related, with their ICD codes, are: malig-
nant neoplasms of the lip (ICD 140), tongue
(141), mouth and pharynx (143-149),
oesophagus (150), pancreas (157), respiratory
system neoplasms (160-163), bladder (188),

malignant neoplasms of unspecified site, or
secondary neoplasms (195-199). All other
cancers were classified as not smoking related.

STATISTICAL ANALYSIS
Differences in proportions and continuous
variables were tested with the Cochran-
Mantel-Haenszel statistic and by analysis of
variance respectively. If a continuous variable
was highly skewed the Wilcoxon test was
used. Each subject's person-time at risk was
calculated from the date of entry until the
date of death. If they had not died at the end of
the follow up period they were censored. The
survival function for the cohort and relevant
sub-groups was initially examined with
Kaplan-Meier plots. The difference in mortal-
ity for cases and controls was examined in a
Cox's proportional hazard model. Univariate
and multivariate estimates were calculated
after adjustment for relevant covariates.
Multivariate estimates were adjusted for age
as a continuous variable and sex and region as
dummy variables. The effect of using age as a
quadratic term and potential interactions
between case status and region were exam-
ined. Both all cause and cause specific mortal-
ity were used as outcome variables.
Underlying assumptions of proportionality
were tested by visually inspecting Kaplan-
Meier plots for different subgroups. An inter-
action term for subgroup multiplied by the
logarithm of time was also included in a Cox's
proportional hazard model, as a more formal
statistical test.

Standardised rate ratios were calculated
from previously published papers using
observed and expected deaths for women
compared with men. This was done with the
"confidence interval analysis" program. This
assumes that the age specific mortality ratios
for women and men are proportional to the
standard rates.2'
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Table 2 Major causes of death for patients with parkinsonism and controls by sex after 20 years offollow up. (Number
(%) deadfrom that cause of death)

PD cases Controls

Men Women Total Men Women Total
(n = 93) (n = 127) (n = 220) (n = 171) (n = 250) (n = 421)

Total deaths 83 (100) 112 (100) 195 (100) 125 (100) 170 (100) 295 (100)
Cause of death:

Neoplasms 2 (2-4) 7 (6 3) 9 (4-6) 27 (21-6) 21 (12 4) 48 (16-3)
Smoking related 1 (1-2) 2 (1-8) 3 (1-5) 19 (15-2) 8 (4-7) 27 (9-2)
Lung cancer 0 (0) 0 (0) 0 (0) 12 (9 6) 2 (1-2) 14 (4-8)

Non-smoking related 1 (1-2) 5 (4 5) 6 (3-1) 8 (6-4) 13 (7 6) 21 (7-1)
Ischaemic heart disease 20 (24-1) 25 (22-3) 45 (23-1) 36 (28-8) 41 (24-1) 77 (26 1)
Cerebrovascular disease 14 (16-9) 19 (17-0) 33 (16-9) 10 (8 0) 32 (18-8) 42 (14-2)
Chronic obstructive airways
disease 4 (4 8) 1 (0 9) 5 (2 6) 13 (10-4) 1 (0-6) 14 (4 7)
Other respiratory disease 10 (12-0) 17 (15 2) 27 (13-8) 15 (12-0) 19 (11-2) 34 (11 5)
Other diseases* 33 (39 8) 43 (38 4) 76 (39 0) 24 (19-2) 56 (32 9) 80 (27-1)

*Includes Parkinson's disease (ICD 332).

Results
Four hundred and sixty parkinsonian patients
in 64 practices were initially identified
through the computerised records. To enable
flagging, it was necessary for us to obtain per-
sonal details on the subjects from their general
practitioner. Two hundred and forty patients
were not entered because (a) the general prac-
titioner had either died or moved (65 cases);
(b) the general practitioner refused or failed to
respond (76 cases); (c) insufficient informa-
tion was provided on the patient to enable
flagging (99 cases). We were therefore left
with 220 cases from 40 practices and 421
matched controls. It was not always possible
to generate two controls for every case,
because of difficulties with flagging. There
was no difference in age and sex between
subjects that did and did not enter the
study.
The median age at entry of the 220 patients

was 69-3 (range 32 9-90 7) and of the 421

matched controls 69-5 (range 31 5-89-7) and
there was no difference in the age distribution.
There were more women than men: 57-7%
for cases and 59-4% for controls. The regional
distribution of subjects was as follows: south-
ern England (42-3% cases, 41-9% controls),
midlands (10-0% cases, 12-3% controls),
northern England (41-9% cases, 39-2% con-
trols), and Wales (5 9% cases, 6 7% controls).
At 20 years of follow up, 195 cases (88-6%)
and 295 controls (70- 1%) were no longer
alive (X2= 26-2 on 1 df P<0-001). The
median age at death for cases was 77-6 (range
53 8-97-3) years and 83-5 years (range
55 0-100 1) for controls (Wilcoxon Z = -67
P < 0001).

Table 2 presents the causes of death for
cases and controls with men and women
shown separately. The single largest category
of deaths was due to IHD for both cases and
controls. Cases were more likely to have a
death in the "other" diseases category as this

Figure 1 Kaplan-Meier
plotfor survival ofpatients
with parkinsonism and
controls stratified by sex for
17-5 years offollow up.
PD = Parkinson's disease.
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Table 3 Hazard ratios* and 95% CIs for patients with
parkinsonism compared with controls for various causes of
death

Hazard
Cause of death ratio (95% CI) p Value

All causes 2-6 (2-2-3-2) <0 001
Neoplasms 0 7 (0-3-1-5) 0 34

Smoking related 0-4 (0-1-1-5) 0-19
Non-smoking

related 1 1 (0-4-3-1) 0-85
Ischaemic

heart disease 2 3 (1 5-3 4) <0 001
Cerebrovascular

disease 3-6 (2 2-6-1) <0-001
Other respiratory

disease (excluding
COAD) 3 7 (2 2-6 3) <0 001

Ischaemic heart disease,
smoking related
cancer, and COAD 1-7 (1-2-2-4) 0-002

*A value greater than one indicates that patients with
parkinsonism have a greater risk of dying. All models have
been adjusted for age, sex, and region. For cerebrovascular
disease, age was used as a quadratic term.
COAD = chronic obstructive airways disease.

includes Parkinson's disease (ICD 332) as a
cause of death.

Inspection of the Kaplan-Meier survival
curve for 20 years of follow up suggested that
after around 17-5 years the survival curves
seemed no longer proportional (interaction
term Z2 = 6-5 on 1 df P = 0-0 1). We there-
fore limited all the survival analyses to a maxi-
mum 17-5 years of follow up. The median fol-
low up period was 17-2 (range 15-5-17-5)
years. Figure 1 shows the survival function for
cases and controls stratified by sex. The
median survival from entry into the study was
7-6 (95% CI 5 5-9-7) years for male cases
compared with 14-1 years (95% CI
12-7-17-2) for male controls. For female
cases this was 8-6 (95% CI 6 9-10-2) years
compared with 15-2 (95% CI 12 7-17 2)
years for female controls. Cases had more
than a twofold increased risk of dying from

Better mortality

Specialist units

Curtis etal'
Hoehn and Yahr5
Diamond et al17

Joseph et a!21
Zumstein et a!20

Rinne et a!8

Population based

Ebmeier et a!23
Ben-Shlomo and Marmot

any cause after adjustment for age, sex, and
region (table 3). There was little difference
between men (2 70, 95% CI 2-01-3-64) and
women (2-61, 95% CI 1-61-3-75). The haz-
ard ratio varied depending on the cause of
death. Parkinsonian cases were more likely to
die of IHD, cerebrovascular disease, and
other respiratory disease, predominantly
bronchopneumonia. There was no significant
difference for mortality from neoplasms. This
finding was true for both smoking related or
non-smoking related neoplasms. Parkinsonian
cases were less likely, however, to die from
smoking related neoplasms. There were no
significant interactions for either sex, region,
or age group. There was a general trend that
the hazard ratios were greatest for the
youngest age group (25-54 years: 3 9, 55-64
years: 2 8, 75-84 years: 2 0, 85-94 years:
2-4). This shows that life expectancy is
reduced relatively more for younger than
older cases.

Cases with Parkinson's disease are less
likely to smoke22 and hence would be
expected to have lower mortality from smok-
ing related neoplasms or chronic respiratory
disease. As IHD is the most common cause of
death, even in non-smokers,23 we wondered
whether the excess cardiovascular mortality
seen for the parkinsonian cases might reflect
this lower risk of death from other smoking
related diseases (competing cause of death
hypothesis). We therefore repeated the analysis
using a composite outcome measure of death
from ischaemic heart disease, smoking related
neoplasms, and chronic obstructive airways
disease. This assumes that if subjects had not
died from the last two categories, they would
have died of IHD instead after exactly the
same follow up period. This is the most
extreme scenario and is biased in favour of the
"competing cause of death" hypothesis. The
hazard ratio for this outcome was reduced
compared with IHD but still showed that
cases had significant excess mortality (70%).

Worse mortality

0.1 1

Standardised rate ratio (log scale)

Fig 2 Relative mortality ratios for women compared with men grouped by specialist or

population based studies. Bars are confidence intervals. Information was not always
available to calculate these.

Discussion
Our results are important for two reasons.
This cohort of cases was ascertained from pri-
mary health care facilities rather than spe-
cialised tertiary units. The long follow up
period and data on healthy controls enables
one to examine the comparative mortality
from several causes of death. To the best of
our knowledge, this is the first study to report
cause specific mortality for parkinsonian cases
compared with population based controls.
Although only half of all the available cases
were recruited into this study, it is unlikely
that this introduced any serious bias as failure
to enter the study was mainly due to the non-
availability or refusal of the general practi-
tioner and not individual parkinsonian cases,
which might have resulted in recruitment

10 bias.

RELATIVE MORTALITY
We find a greater than twofold increased risk
of mortality for parkinsonian cases compared
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with general population controls. Like any
cohort study with a long follow up period,
however, our results may be "out of date" as
they reflect the experience of cases recruited
in the early 1970s. As levodopa treatment was
generally introduced in the early 1970s, it is
likely that most of these cases would have
received levodopa medication, but this may
have been at an advanced stage in the natural
history of their disease. It is also important to
consider possible errors in diagnosis and how
they might have affected our results. Two
prevalence studies from the United Kingdom
provide estimates as to the possible propor-
tion of ascertained cases that were either drug
induced (3 9%, 1811%) or had another condi-
tion-for example, benign essential tremor
(8-5%, 14.5%).24 25 Assuming that subjects
with benign essential tremor have no
increased mortality, the inclusion of some
subjects with drug induced Parkinson's dis-
ease would bias our results towards increased
mortality. Most studies indicate that those
with schizophrenia have around twice the
mortality risk compared with the general pop-
ulation.26 27 This is more pronounced in young
schizophrenic patients,'7 and should introduce
less bias in this sample. Clinicopathological
studies also highlight the difficulties of making
an accurate diagnosis of idiopathic
Parkinson's disease28 and it is likely that some
cases of atypical parkinsonism with a worse
prognosis were included. Mild parkinsonian
cases may also have been underascertained as
they could have been less likely to have seen
their general practitioner in the study year.
For all of these reasons, our estimate of rela-
tive mortality may be overly pessimistic.
Doubt still remains over whether the intro-

duction of levodopa has reduced mortality.
Some studies have shown little difference in
mortality for parkinsonian cases, since drug
treatment (see table 1).5 7 8 Two of these stud-
ies were limited to only three years of follow
up. With further follow up, the difference in
relative mortality has been seen to increase."3
A recent analysis from the Olmsted County
Project does suggest that patients treated with
levodopa have improved survival, especially in
the first five years.'4 Their multivariate analysis
attempted to control for selection bias, which is
an inherent problem with retrospective obser-
vational studies. Their results, however, may
still reflect the effects of residual confounding
due to measurement error in the confounding
variables.29 Two other studies have also noted,
like ours, a greater than twofold increase in
mortality.'3 16 This includes a recent cohort
(1984) of cases of Parkinson's disease
recruited from a prevalence study in
Aberdeen.'4 Only 8% of these cases had not
received levodopa medication.'6 Despite more
than 10 years between this and our study, the
estimates of relative mortality are remarkably
similar (2-6 v 2.4).16

DO WOMEN HAVE A WORSE PROGNOSIS?
Another issue of debate is the finding that
women have a greater relative mortality than
men. This was first noted in the large

prelevodopa series ofHoehn and Yahr.4 Seven
studies have reported sex specific mortality
ratios.4 58 10 13 1630 Three of these studies have
shown worse mortality for women. One possi-
ble explanation for these contradictory results
is that specialist units enlist relatively more
disabled women than men. Indirect support
for this idea comes from a study comparing
cases of multiple sclerosis ascertained from a
neurology unit with a population based sur-
vey. Women ascertained from the specialist
unit were likely to be more severely disabled
than men.'7 To examine this explanation we
have plotted the ratio of female to male stan-
dardised mortality ratios and distinguished
between specialist unit cohorts and more rep-
resentative population based cohorts (fig 2).
Neither of the two population based cohorts
find any sex difference, supporting the idea
that the worse survival seen in some studies
may be due to the recruitment of more
severely disabled women. Similarly the
Olmsted County Project found no sex differ-
ence in mortality relative to the normal popu-
lation'4 (not shown as the data are not given).

CAUSE OF DEATH
Previous research has only compared total
mortality for parkinsonian cases with the gen-
eral population. Data on the proportion of
deaths from specific causes are available,4731
but not as cause specific mortality. This is
potentially misleading as it is dependent on
the relative number of deaths from a specific
cause compared with other causes. For exam-
ple, if the risk of dying from IHD was identical
for patients with Parkinson's disease and the
general population, mortality from IHD
would be identical but the proportion of
deaths from IHD to total deaths would seem
less as patients with Parkinson's disease are
more likely to die of other causes such as
bronchopneumonia than controls. This prob-
lem is also found when interpreting propor-
tional mortality ratios. Also, because we have
follow up data, it is possible to calculate the
mortality rate rather than simply the cumula-
tive mortality risk. To illustrate this distinc-
tion, imagine that all cases and controls are
followed up until death. The proportion of
deaths for both groups is identical and the risk
ratio is unity. However, if cases are dying at a
faster rate than controls, the hazard ratio will
be increased.

Studies have suggested that cancer is less
common among parkinsonian cases.43' 3' This
is not surprising as smoking is less common
among patients with Parkinson's disease" 33
and therefore the risk of smoking related can-
cers should be reduced. Our results support
this but do not show any difference in the
mortality risk for cancers not related to smok-
ing. We believe that lower total cancer mortal-
ity is a consequence of smoking behaviour.
Respiratory disease, in particular pneumonia
but excluding chronic obstructive airways dis-
ease, was also more common as a cause of
death. This has been noted before34 and two
possible suggestions for this include central
autonomic dysfunction and an effect of med-
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ication on respiratory behaviour. The increase
in respiratory deaths is also seen with
Alzheimer's disease,35 another neuro-
degenerative disorder, and may reflect a
non-specific artifact due to certification
behaviour. Only around a third of death cer-
tificates that record respiratory disease as the
cause of death are validated by necropsy.36
This figure is far lower than that for neo-
plasms (85%) and ischaemic heart disease

36(75%).3
As IHD is also linked to smoking,9 we

expected this too to be less common.
Surprisingly, the cases had a significantly
greater risk of dying from IHD. Previous case-
control studies have failed to note any
increase in cardiovascular disease.3773 These
studies simply used self reported histories,
however, and not standard methods of ascer-
taining ischaemic heart disease. One retro-
spective cohort study noted fewer reports of
cardiovascular or cerebrovascular disease for a
group of parkinsonian cases than for a hospi-
tal group of patients with skin cancer.40 Only
non-fatal events were recorded, however, by
examining the hospital notes of patients
attending clinics or seen as inpatients.
Furthermore, only the number of events
rather than the rate of events was examined.
The increased mortality from IHD is

unlikely to be a certification artifact as the
IHD false positive rate on death certificates is
only 25%.36 We do not believe that this would
be systematically biased, so that a case with
pre-existing parkinsonism is no more likely to
have IHD stated as cause of death than a con-
trol. Also, IHD is the most common cause of
death, even in non-smokers.23 As parkinson-
ian cases are less likely to die of smoking
related diseases because of their smoking
behaviour, then they will have to die of
another common cause, such as IHD ("com-
peting cause hypothesis"). We do not believe
that this explanation is sufficient to explain
our findings as even when we compared an
extreme scenario by combining death from
IHD, smoking related cancers, and chronic
obstructive airways disease, the cases still had
a greater risk of dying. It has recently been
suggested that the inverse association bet-
ween smoking, Alzheimer's disease, and
Parkinson's disease may reflect the differential
survival between smokers and non-smokers.4'
People more susceptible to neurodegeneration
and who smoke are less likely to live long
enough to develop the disease, whereas those
surviving are less susceptible. The inverse
association is therefore a sort of "healthy
smoker" effect. If our control subjects are less
susceptible to IHD, although they have a
greater risk of smoking related neoplasms,
then this could to some degree explain the
apparent increased risk of IHD among cases.
The selective mortality hypothesis is inconsis-
tent with other existing evidence, however,
from both twin and case-control studies using
early onset Parkinsonian cases.42 Cerebro-
vascular mortality was also significantly
increased. This is an interesting finding as
arteriosclerosis was thought to play a part in

the aetiology of Parkinson's disease,43
although this is now not generally accepted.37

CARDIOVASCULAR DISEASE AND PARKINSONISM
Several possible explanations for these find-
ings should be considered. (1) They may be
simply a chance subgroup finding as no a priori
hypothesis existed. Further studies are needed
to corroborate these results. (2) An increase in
cardiovascular disease may be secondary to
the effects of drug treatment. Evidence exists
that levodopa lowers blood pressure in hyper-
tensive patients44 and of Parkinson's disease
cases on long term treatment.45 In addition,
even parkinsonian cases not on treatment
seem to have lower blood pressure than con-
trols.39 Several observational and interven-
tional studies have noted an increased risk of
cardiovascular deaths with low blood pres-
sure, although this still remains an issue of
controversy.46 This excess risk is usually small
and less than the risk we have found.
Levodopa may also induce cardiac arrhyth-
mias via its catecholaminergic actions. The
PRADO study randomly allocated cases to
levodopa monotherapy or levodopa and
bromocriptine.47 This study was discontinued
after an almost threefold relative risk of death
was found in the levodopa monotherapy arm
of the trial. The predominant cause of death
was cardiovascular disease, including several
cases of sudden cardiac death. (3) Both car-
diovascular disease and parkinsonism may
share common aetiological factors. Recent
interest has been focused on the role of oxida-
tive damage in the aetiology of Parkinson's
disease through genetic or environmental
mechanisms.48 Dietary intake of vitamin E, an
antioxidant, has been reported to be less in
parkinsonian cases,49 although no difference
has been found in serum concentrations com-
pared with spouse controls.50 Indirect evi-
dence exists that antioxidants may have a
protective role in preventing IHD. A high
intake of vitamin E has also been shown to be
associated with a reduced risk of IHD.51

Despite the dramatic benefits of levodopa,
the relative mortality of parkinsonian cases
remains substantial. It is uncertain whether
this excess mortality relates to the unaltered
natural history of the disease, an adverse
effect of treatment, or a common aetiological
link between parkinsonism and cardiovascular
disease.

Y B-S is a Wellcome Fellow in Clinical Epidemiology. The
UK Parkinson's Disease Association provided financial
support for the study.
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