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Abstract
Background—Several occupations and occupational exposures have been investigated for
associations with Parkinson’s disease. Common findings are increased risk associated with
pesticide exposure and no association between Parkinson’s disease and welding.

Methods—We explored the association between a broad range of possible occupational risk
factors and Parkinson’s disease as well as Parkinson’s disease plus other forms of parkinsonism
(referred to as Parkinsonian disorders), using prospectively collected data in the population-based
Swedish Twin Registry. A cohort of 14,169 Swedish men was followed for up to 43 years. We
identified 234 Parkinsonian disorders cases including 204 Parkinson’s disease cases with complete
data. We assessed exposure to 14 chemical and biological compounds through a job exposure
matrix. Hazard ratios (HR) with 95% confidence intervals (CI) adjusted for age, smoking, and
education were used to estimate the relative risk of disease associated with exposure.

Results—Exposure to inorganic dust was associated with increased risk of Parkinson’s disease
and Parkinsonian disorders, HR 1.6 (95% CI 1.1–2.4) and 1.5 (1.0–2.2) respectively. There was no
association between Parkinson’s disease or Parkinsonian disorders and occupational exposure to
pesticides, welding smoke, metal dust, wood dust, animal handling, stone and concrete dust,
chrome and nickel dust, quartz dust, organic dust, oil, asbestos, organic solvents and irritating gas.

Conclusions—Inorganic dust should be explored further as a potential risk factor for
Parkinson’s disease. Occupational exposure to pesticides and twelve other compounds explored in
this study may not be associated with risk of Parkinson’s disease in Swedish men.
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1. Introduction
Specific genes are implicated in a small proportion of Parkinson’s disease (PD) cases, but
heritability is low and environmental factors are important in the etiology. Risk factors for
the disease are largely unknown [1].

Several occupations and occupational exposures have been investigated for associations
with PD. Increased risk of PD has been reported for physicians [2], teachers [3, 4], cleaners
[5, 6], agricultural workers/farmers [4, 6, 7], and for exposure to pesticides [8–13].
Pesticides and factors related to farming (working in agriculture, living in the country,
drinking well water) were originally investigated for an association with PD because the
neurological toxin MPTP, which is structurally similar to the pesticide Paraquat, causes
rapid degeneration of dopaminergic neurons and subsequent parkinsonism [14]. Although
several studies have shown increased PD risk associated with exposure to pesticides,
epidemiological evidence is inconsistent and a causal relationship has not been established
[8–13, 15–18]. Welding has been studied as a risk factor for PD mainly because of case
reports of parkinsonian-like neurological symptoms attributed to manganese exposure in
welders. Several studies have investigated welding in relation to PD without finding an
association [19–21].

We wished to explore the relation between occupational exposure to a broad range of
environmental factors in the time-period 1960–1980 and risk of PD as well as PD plus other
forms of parkinsonism.

2. Methods
2.1. Study population

The Swedish Twin Registry (STR) [22] contains more than 170,000 twins born in Sweden
from 1886 and onwards. For the present study we considered a cohort of like sexed male
twins born 1886–1947. We excluded women because 48.4% of women in the cohort had
missing information on occupation.

Twins born 1886–1925 were contacted with several questionnaires in the 1960’s. The
present study included all men who completed the first questionnaire in 1961 and were still
alive when a follow up questionnaire was sent in 1967. Twins born 1926–1958 were
contacted with a questionnaire in 1973. All men who completed this questionnaire and were
at least 25 years old at that time were included in the present study, effectively truncating the
birth cohort in 1947 (figure 1).

2.2. Occupational exposure assessment
For the twins born 1886–1925, questions about main occupation in adulthood were included
in the 1967 questionnaire when the mean age of the twins was 55.1 (Standard Deviation, SD
9.6, range 41.0–81.0) years. For the twins born 1926–1947, questions about present
occupation were included in the 1973 questionnaire when the mean age of the twins was
34.7 (SD 6.5, range 25.0–47.0) years. Occupations were coded according to the 3-digit level
of occupational codes used in the 1970 census, based on the Nordic Standard Occupational
Classification of 1965 (Nordisk yrkesklassificering, NYK), adapted from the International
Standard Classification of Occupations (ISCO).

A job exposure matrix (JEM) was used to assess exposures for each person based on
occupation at baseline. The JEM was developed by industrial hygienists at Karolinska
Institutet for population based studies of occupational exposures in the years 1960–1980 [23,
24], corresponding to the average working age of the men in the study population. The JEM
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assesses probability of occupational exposure to chemical and biological compounds in four
classes. Classes 0 to 3 represent increasing probability of specific exposures within families
of occupations, from very low probability (class 0: less than 1/10 of persons within the
occupational family exposed), to high probability of exposure (class 3: more than 2/3
exposed). The complete JEM contains information for 29 exposures in 248 occupations.
Based on a cut-off level of at least 5% exposed in the study population, 14 of the 29
occupational exposures were selected for analysis.

2.3. Education and smoking assessment
Education and smoking were included to control for possible confounding. Information was
taken from questionnaires in 1961 and 1963 for twins born 1886–1925 and in 1973 for twins
born 1926–1947. Educational level was categorized as having completed compulsory school
only or any higher education. In this study population, compulsory school was 6, 7 or 8
years of education depending on birth year. Smoking status was categorized as never,
current, or past smoker at the time of the questionnaire.

2.4. Case identification
Incident cases of PD and other forms of parkinsonism were ascertained by record linkage of
the STR with the National Patient Register (NPR) and the Cause of Death Register (CDR).
Compilation of the NPR started in 1964 and since 1987 the register covers all hospital
discharges in Sweden. In the middle of the 1970’s more than half of Sweden’s 26 counties
reported to the register. The CDR covers all Swedish counties since 1961. Based on clinical
work-ups [25], the positive predictive value (PPV) of a PD diagnosis in the NPR is 71% and
the PPV of a diagnosis of any Parkinsonian disorder in the NPR is 88%. In the CDR, PPV is
at least 70% for PD and at least 56% for Parkinsonian disorders. In the present study NPR
data was available for 1967–2009 and CDR data was available for 1967–2008 (dates of
death were available for the last year of follow-up in the NPR not covered by the CDR).
Cases were defined as PD if there was a PD diagnosis and no parkinsonism diagnosis in the
NPR or CDR.

Cases were defined as parkinsonism if there was a parkinsonism diagnosis in the NPR or
CDR, regardless whether there was also a PD diagnosis. We considered two outcomes in the
analyses: 1) PD and 2) Parkinsonian disorders that included cases of parkinsonism in
addition to PD cases. The outcome Parkinsonian disorders was used to ensure capture of as
many PD cases as possible in the registers. Date of ascertainment was defined as date of first
hospital record of PD or parkinsonism, or, for cases only identified through the CDR, date of
death.

International Classification of Diseases (ICD) codes used for PD were 350 (ICD-7); 342.00
(ICD-8); 332.0 (ICD-9); G20 (ICD-10). ICD codes used for parkinsonism were 342.08 and
342.09 (ICD-8); 332.1 and 333.0 (ICD-9); G21, G23.1, G23.2, G23.9, G25.9 (ICD-10).

2.5. Statistical methods
The study population was followed for PD and parkinsonism from baseline collection of
occupational data until date of ascertainment of case status, December 31st 2009, or date of
death, whichever came first. As the exact date of data collection was unknown, the standard
date January 1st 1967 was chosen as baseline date for men born 1886–1925, and January 1st

1973 was chosen for men born 1926–1947.

Incidence rates (IR) of PD were calculated as events divided by time-at-risk, reported per
100,000 person-years (PYR) with 95% confidence intervals (CI) assuming a Poisson
distribution.
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The association between occupational exposure and PD was modeled using Cox
proportional hazard regression yielding hazard ratios (HR) with 95% CI. Age was used as
the underlying time scale. Educational level and smoking status were included as co-variates
in the statistical model. The power to detect an HR of 1.75 for an exposure with 5%
prevalence in a population of more than 20,000 with on average more than 29 years of
follow-up is 77%.

The proportional hazards assumption was examined by including time by covariate
interaction terms in the models. We found no evidence of nonproportionality. We did not
account for correlation due to relatedness in the analysis, since such a correlation would be
too weak to influence the standard errors in this population of a large number of small
clusters (twin pairs). Presumably, occupational exposure is correlated to some extent within
the twin pairs. However, our own data and other studies show that the correlation for PD
within twin pairs is low [26].

Observations with missing information on any of the covariates were excluded in the
regression analyses (table 1). Data analyses were performed using SAS software, Version
9.2 of the SAS System for Windows.

3. Results
The study population consisted of 20,225 men with a mean age of 44.0 years at baseline (SD
13.0) and a mean follow-up time of 29.1 years (SD 11.1). In total, the cohort accumulated
588,577 PYR over 43 years of follow-up.

We identified 336 incident cases of Parkinsonian disorders, whereof 293 (87.2%) were PD
cases. Of 294 cases identified in the NPR, 119 cases (40.5%) were also identified in the
CDR. Forty-two cases (12.5%) were identified in death records only. Of 43 Parkinsonian
disorders cases, 29 (67.4%) had a PD diagnosis, but were classified as parkinsonism due to
an additional parkinsonism diagnosis. Mean age of ascertainment of outcome for all cases
was 75.5 (SD 8.6) years (range 43.4–94.6 years).

Of 336 cases, 254 (75.6%) had occupational data and 234 (69.6%) had complete data on
occupation, education and smoking status (table 1).

The overall crude incidence rates for PD and Parkinsonian disorders are shown in table 2.
Among men with occupational data, the crude incidence rate was 49.1 per 100,000 PYR
(95% CI 43.0–56.0) for PD, and 56.1 per 100,000 PYR (95% CI 49.6–63.5) for
Parkinsonian disorders. The rate among men without occupational data was 52.2 per
100,000 PYR (95% CI 41.3–65.8) for PD and 60.3 per 100,000 PYR (95% CI 48.5–74.8)
for Parkinsonian disorders.

As previously reported for this population [27], there was decreased risk of PD and
Parkinsonian disorders for current smokers vs. never smokers. For past smokers vs. never
smokers, risk of PD and Parkinsonian disorders was decreased, although statistically non-
significant (table 2). There was no association between education and PD or Parkinsonian
disorders. Previously we reported an association between higher education and PD [27], but
this association was less pronounced in men than in women.

There was an increased risk of PD and Parkinsonian disorders for occupational inorganic
dust exposure class 1 and all exposed vs. unexposed (table 3). The associations were still
significant when adjusting for 2 comparisons (number of exposure levels for inorganic dust),
but were not significant after correcting for 14 comparisons (number of exposures). There
were no associations between PD or Parkinsonian disorders and any of the other 13
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occupational exposures analyzed. Overall, results were similar for PD and Parkinsonian
disorders (table 3).

For pesticide exposure, the crude IR of PD and Parkinsonian disorders was almost doubled
for class 2 probability of exposure vs. unexposed, but the multivariate adjusted HR did not
show an association (table 3). Similar results were observed when adjusting for age only;
HR 1.0 (95% CI 0.6–1.5) for PD and HR 1.0 (95% CI 0.7–1.6) for Parkinsonian disorders.
Thus, the increased crude IR seen for class 2 probability of pesticide exposure was an effect
of the higher age of those exposed; baseline mean age was 52.3 (SD 13.0) years for exposed
vs. 42.8 (SD 12.1) years for unexposed. Similar differences in crude IRs between exposed
and unexposed that were not reflected by the HRs were found for the exposures wood dust,
animal handling, stone and concrete dust, quartz dust and organic dust.

4. Discussion
In this prospective population based cohort study of Swedish male twins, we found an
association between occupational exposure to inorganic dust and PD and Parkinsonian
disorders. To our knowledge, this is a novel finding, which warrants further research.

Inorganic dust is a constituent of the particulate matter (PM) in air pollution. The exposure
is found in occupations such as farm workers, dental technicians, painters, construction
workers, glass workers, dock laborers and cleaners. For example, cleaners have been
associated with increased risk of PD [5, 6]. Inhaled PM may reach not only the systemic
circulation but also the central nervous system, where it can cause neuroinflammation
through the activation of microglia in particular [28, 29]. Activated microglia are found in
the substantia nigra of PD patients. One neuropathological study [29] showed that young
adult residents in cities with high air pollution had neuroinflammation, blood-brain barrier
disruption and accumulation of alpha-synuclein. Thus, this is a possible mechanism by
which inorganic dust exposure affects PD risk.

Few studies have investigated the association between occupational exposure and risk of PD
in Scandinavian populations. A Danish study reported increased risk of PD for men working
in agriculture and horticulture [6]. Two other studies in Sweden and Denmark investigated
occupational welding as a risk for PD, and neither found an association [19, 20]. A register
based Swedish study reported increased risk of PD in men associated with several
occupations, including farmers and teachers [4]. Two other retrospective case-control
studies at least partially conducted in Sweden (one was a multi-centre European study [11])
reported slightly increased risks of PD associated with occupational exposure to pesticides
[5, 11].

We found no association between PD or Parkinsonian disorders and occupational exposure
to pesticides. Although a metaanalysis [8] and some recent studies [9, 10, 12] found an
increased risk, several studies were negative [15, 18] and more than half of the studies
included in a recent review did not find significant associations [16]. Differences across time
and between countries in occupational pesticide exposure may explain some of the
inconsistencies between studies. In Sweden, herbicides are the most commonly used type of
pesticide. Exposure has generally been reduced in affected occupations over time. In
Sweden, substantial improvements in work environment were introduced in the 1980’s for
farmers in particular, as many small farms were merged into larger units and use of
pesticides became more regulated. If a long duration of exposure is needed to affect risk of
PD, our chances to detect an association would be smaller than in countries that did not
prohibit the use of specific pesticides. Another explanation for inconsistencies between
studies conducted in different populations is gene by environment interactions [30, 31].
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Using a JEM to assess occupational exposure may increase misclassification compared to
expert assessments [32], but may increase sensitivity compared to using job codes alone. In
the European multi-centre study mentioned above, the association between pesticides and
PD was reported using a JEM, but when only job codes were used, no association was
detected [17]. Sensitivity of JEMs is, however, not perfect, which is a limitation of our study
leading to possible bias towards the null. Further, the JEM we used does not assess
quantitative levels of exposure but rather probability of exposure for each occupation, and
consequently we cannot assess whether there may be a dose-response relationship. The JEM
does not provide any details about exposure to specific environmental compounds.
Generally, few studies have detailed information on frequency and duration of occupational
exposures (cumulative exposure) as well as data on specific compounds.

Strengths of this study include the long follow-up and prospective design, eliminating risk of
recall bias and reverse causation, and minimizing possible bias due to missingness of
occupational data. Limitations, other than lack of data on specific chemical compounds and
quantitative levels of exposure, include lack of data on recreational exposures and method of
case identification. As PD and parkinsonism are primarily treated in out-patient care, severe
cases or cases with substantial co-morbidity may be over represented in the hospital and
cause of death records. However, the proportion of exposed did not differ between cases
identified in a separate study by telephone screening and clinical work-up [25] and cases
identified through the registers, indicating that this potential bias is non-differential with
regards to exposure and should thus not affect the estimated associations. Although these
limitations were present, the direction of the effect would not be influenced (bias towards
the null). However, the limitations may have introduced false negative findings. For
example, we had limited power to detect an association between PD and occupational
exposure to pesticides.

Unfortunately, we did not have information on occupational histories for the study persons,
which would have increased the precision of exposure assessment. The older twins were
asked about main occupation in life and these men were unlikely to change occupation after
data collection. The younger twins were asked about present occupation and a portion of
them might most likely have changed occupation. However, exposures for occupations held
at a later time would most likely be different, for example due to advances in technology and
work safety. In this prospective population based cohort study of Swedish men with up to 43
years of follow-up, we found an association between occupational inorganic dust exposure
and increased risk of PD. Inorganic dust should be investigated further as a potential risk
factor for PD, in particular since inorganic dust is a common exposure, being a component
of air pollution. Occupational exposure to pesticides, welding smoke, metal dust, wood dust,
animal handling, stone and concrete dust, chrome and nickel dust, quartz dust, organic dust,
oil, asbestos, organic solvents and irritating gas was not associated with PD or Parkinsonian
disorders. These exposures may not be associated with risk of PD and Parkinsonian
disorders in Swedish men.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow chart describing the study population. aMean age at baseline. bMen born 1886–1925
who died between first contact in 1961 and start of follow-up for this study in 1967. cSince
occupation in 1960–1980 was used as a proxy for exposure in this study population, all men
born after 1947 were excluded as they were less than 25 years old at baseline in 1973. Yrs =
years, SD = Standard deviation.
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