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ABSTRACT: Background: Metals have been
postulated as environmental concerns in the etiology
of Parkinson’s disease (PD), but metal levels are typi-
cally measured after diagnosis, which might be sub-
ject to reverse causality.
Objective: The aim of this study was to investigate
the association between prediagnostic blood metal
levels and PD risk.
Methods: A case-control study was nested in a pro-
spective European cohort, using erythrocyte samples
collected before PD diagnosis.
Results: Most assessed metals were not associated
with PD risk. Cadmium has a suggestive negative
association with PD (odds ratio [95% confidence
interval] for the highest quartile, 0.70 [0.42–1.17]),
which diminished among never smokers. Among cur-
rent smokers only, lead was associated with
decreased PD risk (0.06 [0.01–0.35]), whereas arsenic
showed associations toward an increased PD risk
(1.85 [0.45–7.93]).
Conclusions: We observe no strong evidence to sup-
port a role of metals in the development of PD. In par-
ticular, smoking may confound the association with
tobacco-derived metals. © 2023 The Authors. Move-
ment Disorders published by Wiley Periodicals LLC on
behalf of International Parkinson and Movement Dis-
order Society.

Key Words: Parkinson’s disease; metals; prospec-
tive exposure assessment; cohort study

Introduction

Parkinson’s disease (PD) is the second most common
neurodegenerative disease. Around 90% of PD cases
are related to a variety of lifestyle and environmental
factors.1 Metals have been implicated in the pathogene-
sis of PD for many years.2 For the general population,
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metal exposures usually result from contaminated food
or drinking water, cigarette smoking, air pollution,
dental amalgam fillings, medication, and dietary
supplements.3

We recently evaluated the epidemiological evidence
of associations between metal exposure and PD risk in
a systematic review.2 We did not observe consistent
associations with PD risk for most metals in meta-
analyses. Notably, the research quality was greatly lim-
ited because of retrospective exposure assessment.
Metal levels in human biofluids were mostly measured
after disease diagnosis, and results were therefore possi-
bly affected by reverse causality because patients with
PD tend to change smoking and diet habits when
experiencing clinical manifestations.4

To elucidate whether metal exposures represent genu-
ine risk factors for PD, we assessed the association
between PD risk and metal levels in blood samples col-
lected several years before PD diagnosis, in a case-
control study nested in the EPIC4PD cohort, a large
prospective European study.5 Meanwhile, possible con-
founding of smoking was also explored for the effect of
metals on PD, because smoking was reported to be
inversely associated with PD risk,6 and cigarette smoke
contains various metal species.7

Subjects and Methods
Study Population

The EPIC4PD study is based on 220,494 subjects
from the general population residing in seven countries,
within the European Prospective Investigation into
Cancer and Nutrition (EPIC) study.5,8 Within
EPIC4PD, 734 incident PD cases who received a diag-
nosis after the date of recruitment were identified
through medical record linkage and neurologist valida-
tion.5 Here, we conducted a nested case-control study
within the EPIC4PD cohort, including 362 incident PD
cases for whom a baseline erythrocyte sample was
available in the EPIC biobank. The reliability of the
diagnoses was categorized into “definite,” “very likely,”
“probable,” and “possible” (Supporting Information
Data S1).5 One control subject per case matched by age
at recruitment, sex, and study center was selected using
incidence density sampling.

Measurement of Metal Levels
Metal concentrations in erythrocytes were measured

by inductively coupled plasma mass spectrometry.
Eleven elements were assessed: arsenic, cadmium, cal-
cium, copper, iron, lead, magnesium, manganese, mer-
cury, selenium, and zinc. Details were described in
Supporting Information Data S2.

Statistical Analysis
Metal concentrations were compared among subjects

with different smoking status. Correlations between
metal levels and smoking intensity, represented by the
reported number of cigarettes smoked per day at base-
line when blood was collected, were tested by Spe-
arman’s correlation (correlation coefficient, ρ).
Conditional logistic regression for the matched case-

control sets was applied to estimate the odds ratio
(OR) and 95% confidence interval (CI) of PD incidence
associated with quartile categories of metal levels
(based on the distribution among controls, denoted as
Q1–Q4). Considering the recognized inverse associa-
tion between smoking and the risk of PD,6 smoking sta-
tus at recruitment (never, former or current smoker,
and unknown) was deemed as a potential confounder
in the conditional analyses. Other possible confounding
factors, including alcohol consumption, coffee drinking,
seafood and vegetable intake, education, body mass
index, and physical activity, did not modify the risk
estimated (all P > 0.1) and were not included in the
models.
We performed stratified analyses by sex and smoking

status (current, non-current, and never smokers) to test
possible different effects. Two sensitivity analyses were
conducted to test the robustness of our findings: (1) lim-
iting analyses to PD cases diagnosed after 8 years
(median) since recruitment (timing for blood collection)
to reduce possible reverse causality, and (2) limiting
analyses to PD cases with definite and very likely diag-
noses. All analyses were carried out in R 4.1.3.9

Results

For PD cases, the median period between recruitment
and PD diagnosis was 7.8 years (Table S1). At baseline,
13% of the cases were smokers, compared with 16%
among controls (P = 0.69). Cadmium levels in current
smokers were about 2.5 times higher than in never
smokers (Table S3), and lead in current smokers was
around 1.4 times higher compared with never smokers.
Furthermore, cadmium and lead levels were both posi-
tively correlated with the number of daily smoked ciga-
rettes (ρ = 0.50 and 0.26, respectively).
Our analyses did not demonstrate obvious associa-

tions between assessed metals and the risk of PD
(Table 1). Cadmium was indicated to be associated
with a decreased risk of PD (ORs [95% CIs]: Q2, 0.59
[0.38–0.90]; Q3, 0.75 [0.48–1.15]; Q4, 0.70 [0.42–
1.17]). However, the effects attenuated toward null
when limited to never smokers (Fig. 1). Zinc showed a
borderline positive association in the third quartile
(1.54 [0.98–2.45]; P = 0.064), which became most pro-
nounced among never smokers (1.81 [1.00–3.33])
(Fig. 1) and females (2.32 [1.16–4.63]) (Fig. S4).
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TABLE 1 The association between prediagnostic blood metal concentrations and the risk of Parkinson’s disease

Exposure category PD cases, n Control subjects, n OR (95% CI)a Smoking adjusted OR (95% CI)b

Arsenic

Quartile 1 94 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 97 90 1.02 (0.66–1.57) 1.02 (0.66–1.58)

Quartile 3 76 90 0.78 (0.48–1.27) 0.78 (0.48–1.26)

Quartile 4 95 91 0.97 (0.61–1.56) 0.96 (0.60–1.55)

P for trend, linear 0.46 0.47

Cadmium

Quartile 1 118 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 71 90 0.59 (0.39–0.91) 0.59 (0.38–0.90)

Quartile 3 90 90 0.75 (0.49–1.15) 0.75 (0.48–1.15)

Quartile 4 83 91 0.68 (0.44–1.04) 0.70 (0.42–1.17)

P for trend, linear 0.09 0.13

Calcium

Quartile 1 80 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 82 90 1.14 (0.70–1.87) 1.14 (0.70–1.88)

Quartile 3 114 90 1.62 (0.98–2.68) 1.60 (0.97–2.66)

Quartile 4 86 91 1.20 (0.63–2.29) 1.16 (0.61–2.23)

P for trend, linear 0.32 0.37

Copper

Quartile 1 94 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 77 90 0.85 (0.55–1.31) 0.85 (0.55–1.31)

Quartile 3 90 90 1.01 (0.62–1.64) 1.01 (0.62–1.65)

Quartile 4 101 91 1.20 (0.70–2.08) 1.20 (0.69–2.08)

P for trend, linear 0.84 0.83

Iron

Quartile 1 97 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 82 90 0.84 (0.54–1.32) 0.84 (0.54–1.32)

Quartile 3 100 90 1.02 (0.62–1.68) 1.00 (0.60–1.65)

Quartile 4 83 91 0.82 (0.48–1.41) 0.82 (0.48–1.42)

P for trend, linear 0.64 0.62

Lead

Quartile 1 101 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 92 90 0.90 (0.60–1.36) 0.93 (0.61–1.41)

Quartile 3 91 90 0.85 (0.56–1.31) 0.87 (0.56–1.34)

Quartile 4 78 91 0.65 (0.38–1.11) 0.68 (0.39–1.16)

P for trend, linear 0.09 0.12

Magnesium

Quartile 1 88 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 92 90 1.06 (0.69–1.65) 1.05 (0.68–1.63)

(Continues)
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No effects were observed for the remaining metals: cal-
cium, copper, iron, magnesium, manganese, mercury,
and selenium.
Exposure-response trends were not observed from

linear (Table 1) or spline regression for any of the
assessed metals (Fig. S2). Effect estimates from sensitiv-
ity analyses limiting to late-diagnosed cases and definite
and very likely cases were similar to those of the main
analyses, despite the widening of CIs due to the smaller
sample size (Fig. S5).
A few metals showed associations only among cur-

rent smokers (Fig. 1). Increased lead levels were found
to be associated with a decreased risk of PD among

current smokers (OR for highest quartile, 0.06; 95%
CI: 0.01–0.35), also showing a clear linear trend
(P = 0.007). The inverse associations persisted after
further controlling for the number of cigarettes (data
not shown). In contrast, a positive association was
suggested between arsenic and PD risk when limited to
current smokers (ORs [95% CIs]: Q2, 3.29 [0.97–
12.3]; Q3, 1.81 [0.43–7.95]; Q4, 1.85 [0.45–7.93]).

Discussion

Our study is the first prospective study to investigate
the role of metal levels in PD risk by assessing blood

TABLE 1 Continued

Exposure category PD cases, n Control subjects, n OR (95% CI)a Smoking adjusted OR (95% CI)b

Quartile 3 85 90 0.99 (0.63–1.57) 0.99 (0.62–1.56)

Quartile 4 97 91 1.12 (0.71–1.77) 1.12 (0.71–1.77)

P for trend, linear 0.99 0.99

Manganese

Quartile 1 97 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 99 90 1.02 (0.68–1.53) 1.01 (0.67–1.53)

Quartile 3 79 90 0.80 (0.52–1.24) 0.80 (0.51–1.25)

Quartile 4 87 91 0.87 (0.55–1.37) 0.86 (0.55–1.36)

P for trend, linear 0.60 0.57

Mercury

Quartile 1 95 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 82 90 0.87 (0.56–1.34) 0.88 (0.57–1.35)

Quartile 3 89 90 0.96 (0.60–1.54) 0.96 (0.60–1.54)

Quartile 4 96 91 1.10 (0.61–1.97) 1.11 (0.61–2.00)

P for trend, linear 0.95 0.98

Selenium

Quartile 1 90 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 103 90 1.14 (0.76–1.71) 1.12 (0.75–1.68)

Quartile 3 61 90 0.70 (0.45–1.09) 0.68 (0.43–1.07)

Quartile 4 108 91 1.28 (0.79–2.05) 1.25 (0.77–2.01)

P for trend, linear 0.94 0.88

Zinc

Quartile 1 72 91 1.00 [Ref] 1.00 [Ref]

Quartile 2 98 90 1.43 (0.92–2.21) 1.41 (0.91–2.18)

Quartile 3 103 90 1.53 (0.97–2.42) 1.54 (0.98–2.45)

Quartile 4 89 91 1.35 (0.80–2.27) 1.35 (0.80–2.28)

P for trend, linear 0.51 0.54

Abbreviations: PD, Parkinson’s disease; OR, odds ratio; CI, confidence interval; Ref, reference.
aConditional logistic regression for the matched case-control sets.
bConditional logistic regression for the matched case-control sets, adjusted by smoking status.
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samples collected years before the clinical diagnosis.
Our study did not provide robust evidence to verify the
action of metals in the pathogenesis of PD.
Lead is a well-recognized toxicant primarily affecting

the central nervous system.10 Two well-designed case-
control studies found bone lead, which is a biomarker
for cumulative lead exposure,11 to be associated with
increased risk of PD,12,13 indicating that long-term
environmental lead exposure may be a risk factor for
PD. In contrast, a strong inverse association between
lead levels and PD risk was notable among current
smokers in our study. A probable explanation is that
lead is a surrogate measure or intermediate step of
smoking in relation to PD, considering the positive cor-
relation between lead levels and smoking intensity. This
assumption is partly confirmed by our previous study
on erythrocyte metal levels and the risk of amyotrophic
lateral sclerosis (ALS).14 In contrast with the observed
decreased risk of PD, smoking is associated with an
increased risk of ALS,15 and a positive association
between blood lead and ALS was found in current
smokers.
Cadmium was also possibly subject to the influence

of smoking. In terms of OR magnitude, the negative
associations between cadmium and PD were stronger
among current smokers than never smokers. Because
cadmium source attributes to cigarette smoking more
than lead,16 it is more reasonable to speculate the par-
ticipation of smoking in the relation of cadmium to
PD. Future studies should aim to explore the
modification effect of smoking in the relation between
tobacco-derived metals and neurodegenerations and
to help elucidate the etiology of the disease.
In this study, subjects with higher zinc levels showed

an elevated risk of PD, especially among never smokers
and females, but no clear dose-response trend was

observed. In our previous meta-analyses, zinc in the
blood matrix was found to be lower in patients with
PD compared with control subjects, with a pooled stan-
dardized mean difference of �0.53 (95% CI: �0.92,
�0.14) from 18 retrospective case-control studies.2 The
discrepancy with results in our study may be because of
different biospecimens measured (blood matrix or
erythrocytes) and possible reverse causality in previous
studies. The precise nature and underlying mechanisms
of the effect of zinc in the development of PD require
further investigation.
We acknowledged some limitations in this study.

First, metal levels in erythrocytes (with a life span of
120 days17) reflect recent exposures proximal to the
time of blood sample collection. The biomonitoring at
one time point could be inaccurate when metal expo-
sures fluctuate over the lifetime. For example, unlike
elevated levels in current smokers, cadmium concentra-
tions in former smokers were similar as in never
smokers (Table S3), suggesting one-time measurement
cannot completely reflect past exposure. Second, blood
samples were collected on average 8 years before PD
diagnosis, but PD prodromal phase could occur as early
as 20 years before the onset of motor symptoms.18

Therefore, we cannot fully exclude that metal alter-
ations were secondary to diet and smoking habit
change related to PD symptoms. However, similar
results were obtained when limiting analyses to those
who were diagnosed more than 8 years after recruit-
ment, indicating residual reverse causality does not
appear to be substantial. Third, although a positive
association for arsenic was suggestive among current
smokers, it makes less sense to postulate that smoking
plays a role in the impact of arsenic on PD. The arsenic
levels measured in our study mostly reflected organic
species (arsenobetaine) from seafood. The mechanism

FIG. 1. The association between metal concentrations and the risk of Parkinson’s disease by smoking status.
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of arsenic in PD development warrants further explora-
tion. Fourth, iron levels that we measured were a crude
estimation of iron status in humans. Besides iron con-
tent in erythrocytes, iron status also relies on serum-
based indicators, such as ferritin, transferrin saturation,
and soluble transferrin receptor.19

In conclusion, our study did not find strong evidence
to support the risk of PD altered by metal exposures.
Smoking may confound the association with lead and
cadmium. To date, this is the first study to evaluate
prediagnostic metal levels in blood in the development of
PD, minimizing reverse causation. Further investigations
are needed to gain a better understanding of the relation-
ship between smoking, metals, and PD. Furthermore,
future studies of novel biomarkers of long-term metal
exposure may provide more compelling evidence of the
association between metals and PD.
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