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Abstract
We recently found a higher rate of prolonged amphetamine exposure in patients diagnosed with
Parkinson's disease (PD) than in spouse/caregiver controls. Since distinguishing features have
been described in some patients with parkinsonism due to environment exposures (e.g.
manganese), we sought to compare the clinical features of PD patients with prolonged
amphetamine exposure with unexposed PD patients. Prolonged exposure was defined as a
minimum of twice a week for ≥ 3 months, or weekly use ≥ 1 year. We reviewed the clinical
records of patients with PD who had participated in a telephone survey of drug and environmental
exposures and compared the clinical features of patients with a history of prolonged amphetamine
exposure to patients who had no such exposure. Records were available for 16 of 17 (94%)
patients with prior amphetamine exposure and 127 of 137 (92%) of those unexposed. Age at
diagnosis was younger in the amphetamine-exposed group (49.8 ± 8.2 years vs. 53.1 ±7.4 years; p
< 0.05), but other features, including presenting symptoms, initial and later treatments,
development of motor fluctuations, and MRI findings were similar between these groups. Because
we did not detect clinical features that differentiate parkinsonism in patients with prolonged
amphetamine exposure, research to determine whether amphetamine exposure is a risk factor for
parkinsonism will require detailed histories of medication and recreational drug use.
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Introduction
Strong genetic causes of Parkinson's disease (PD) likely account for 10–15% of cases.1 The
balance appears to be secondary to environmental factors or a combination of weaker
genetic and environmental influences.2 Although pesticide exposure is well established as a
risk factor for PD,3 other environmental factors likely exist.

Amphetamine drugs have been raised as a possible risk factor for PD.4 They have been used
both therapeutically and recreationally since the 1930's and their use is common. In the U.
S., about 5% of adults 35 years and older have used non-prescribed amphetamines at least
once.5 Moreover, they remain accepted treatments for attention-deficit hyperactivity
disorder and narcolepsy.

Increasing evidence supports a plausible biologic mechanism. For example, in human
methamphetamine users, there is loss of dopamine axonal proteins consistent with injury to
axon terminals of dopaminergic neurons.6,7 Numerous studies in animals confirm that
amphetamine causes acute injury to axon terminals of dopaminergic neurons.8,9

In a study of environmental exposures, we found a higher rate of prolonged amphetamine
exposure in PD patients than spouse or caregiver controls.10 We undertook this study to
determine if the parkinsonian phenotype of exposed patients differed from those who were
not exposed.

Methods
We reviewed all available hospital and outpatient records from subjects diagnosed with PD
who participated in our prior case-control study of environmental and chemical exposures.
10 In the original study, subjects were asked a number of questions regarding prior
medication use, environmental exposures, and other health-related behaviors. The UCSF
Institutional Review Board approved both the original survey and this follow-up study.

To be eligible for the initial study, subjects must have been evaluated in the UCSF
Neurology Practice between January 2001 and June 2004 and have received a diagnosis of
“probable idiopathic PD” between the ages of 40 and 64 according to established clinical
criteria.11 Amphetamine exposure was defined as prior use of amphetamine,
methamphetamine, or dextroamphetamine. Prolonged exposure was defined as a minimum
of twice a week ≥ 3 months, or weekly use ≥ 1 year

Subjects were excluded from further analysis if a diagnosis of atypical parkinsonism was
determined subsequent to the initial study. Records were reviewed to determine the
following measurements (if appropriate): age when first PD symptom developed, type of
first symptoms, age at first use and type of first PD medication, age when levodopa
treatment began, age when motor fluctuations developed, age when the patient underwent
treatment with deep brain stimulation (DBS), age dementia was diagnosed, age when last
evaluated at UCSF, and age of death.

MRI reports from unexposed patients were selected to match age and gender with the
available MRI reports from exposed patients. Reports were reviewed for description of
atrophy, basal ganglia abnormalities, and presence of foci of T2 hyperintensity. In addition,
all available scans of those with prolonged exposure were reviewed for evidence of atypical
findings.

The analysis includes observations from all subjects, even from those for whom incomplete
data was available. Proportions were compared using Fisher's exact test. Differences in
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means between the two groups were compared using Student's t-test. Time from diagnosis to
event times were analyzed using the log rank survival test, and was censored on death for
non-fatal outcomes. Hazard ratios were determined using Cox proportional hazards
regression. All data analyses were performed with Stata 10.

Results
Four subjects in the non-exposed group were excluded from analysis because atypical
features became apparent and the diagnosis was changed to atypical parkinsonism. Records
were available for 16 of 17 (94%) with prolonged amphetamine exposure and 127 of 137
(92%) who had no exposure. Amphetamine was used for a prescribed purpose by 7 subjects,
while 9 used it recreationally.

Age at diagnosis, gender, age at onset, and presenting symptoms were similar in subjects
with and without amphetamine exposure (Table 1). Because of the small number of exposed
subjects and the similarities between the prescribed and non-prescribed groups, we did an
analysis comparing all subjects with prolonged amphetamine exposure to unexposed
subjects. In this analysis, the age at diagnosis of PD was younger in the amphetamine
exposed group than the non-exposed group (49.8 ± 8.2 years vs. 53.1 ±7.4 years; p < 0.05).
Proportions of patients receiving initial treatments and of those reaching disease hallmarks
(wearing off, dyskinesias, dementia, and use of DBS) were similar between the two groups.
Moreover, survival analysis curves were prepared for a number of endpoints, including: time
to first treatment, time to levodopa, time to wearing off, time to development of dyskinesia,
time to dementia, and time to deep brain stimulation. None of the survival analyses
demonstrated a significant difference between groups. All subjects responded well to
standard PD treatments including DBS.

Brain MRI reports were available for 11 exposed and unexposed patients; the mean age at
the time of scan was 54.5 in the exposed group and 53.7 in the unexposed group. Rates of
reported foci of T2 prolongation were similar (54% in the exposed vs 46% in the unexposed)
and each cohort had 1 patient with diffuse atrophy (9%). Review of the images in 10
exposed subjects by one author (CWC) revealed no consistent abnormalities in the basal
ganglia or substantia nigra.

Discussion
In this study, we were unable to identify distinguishing features in subjects with prolonged
exposure to amphetamine. Although we found a slightly earlier age at diagnosis in the
amphetamine exposed group, no clinical or obvious MRI findings distinguished these two
groups. Moreover, the response to treatments and rate of development of disease
complications (motor fluctuations and dementia) were similar. However, because of the
relatively small sample size and retrospective design, differences between these groups
cannot be excluded entirely.

Even though we did not have high power for all outcomes tested, the narrow Cox confidence
intervals (data not shown) for a number of measures (e.g. initiation of pharmacological
treatment, initiation of levodopa) provides assurance that these cohorts are relatively similar
for these outcomes. These findings contrast with parkinsonism described in manganese
toxicity—as described in some welders12, some with liver failure13, and some
methacathione users14— in which a number of clinical features differ from PD.

An autopsy study of young methamphetamine users found that dopamine levels were
reduced more in the caudate than the putamen, a pattern opposite that seen in PD.15 The
authors use this finding to explain why parkinsonism is not a feature of young human
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methamphetamine users (mean age at autopsy, 31 years). However, since dopaminergic
neurons are lost with aging,16 their finding of a 50% reduction of putaminal dopamine does
not contradict our hypothesis that by damaging dopaminergic neurons, remote amphetamine
exposure is risk factor for the later development of PD.

Our inability to identify unique clinical features in the amphetamine-exposed individuals
does not preclude amphetamine as a risk factor for PD. However, the lack of a distinct
clinical phenotype or biological marker may prevent clinicians who do not obtain a detailed
history of amphetamine exposure from appreciating this potential association. Further
research to determine whether amphetamine exposure is a risk factor for PD will require
detailed histories of prescribed and recreational amphetamine exposure.
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