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Objective   Several studies have found positive associations between exposure to pesticides and Parkinson’s 
disease. As Danish gardeners have had frequent, intensive exposure to pesticides, the aim of this study was to 
investigate their risk for Parkinson’s disease. 

Methods   The cohort was comprised of 3124 male members of the Danish Union of Gardeners on 1 April 1975. 
Hospital register data were used to follow them for a primary diagnosis of Parkinson’s disease during 1977–2008 
and to calculate standardized hospitalization rate ratios (SHR) for this disease among gardeners and the general 
Danish population for comparison. Data from the Danish Cancer Registry were used to calculate standardized 
incidence rate ratios (SIR) for smoking-related cancers among gardeners and the general population. 

Results   The SHR for Parkinson’s disease among gardeners was close to that of the general population [1.14, 
95% confidence interval (95% CI) 0.76–1.65]. In a birth cohort analysis, a downward trend was observed, with 
the highest risk among gardeners born before 1915 (SHR 1.55, 95% CI 0.77–2.77). The SIR for smoking-related 
cancers did not differ from that of the general population.

Conclusion   The results indicate a weak but dose-related association between exposure to pesticides and risk 
for Parkinson’s disease; however, the results were based on 28 cases and the possibility of no association cannot 
be ruled out.
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Parkinson’s disease is a common neurodegenerative 
disorder engendered by loss of dopaminergic neurons in 
the substantia nigra pars compacta of the brain (1). The 
etiology of the disease is probably a complex interplay 
of aging, genetics, and the environment (2), except for a 
small proportion of cases that can be attributed to gene 
mutations (3). It has been suggested that environmental 
factors might cause a direct effect, such as a toxic agent 
causing cell death, or an indirect effect through DNA 
expression or repair processes (4). 

Gardeners are exposed to a wide range of environ-
mental factors, including pesticides, some of which 
have shown to be neurotoxic to humans (5). Although 
several studies have addressed an association between 
working in occupations with exposure to pesticides and 
the risk for Parkinson’s disease, they mainly focused on 
farmers. No study has focused solely on professional 

gardeners. The aim of this study was to examine the risk 
for Parkinson’s disease in a cohort of Danish gardeners 
exposed to pesticides.

Methods

Study population

The cohort comprised 3124 professional male gardeners 
identified from a cross-sectional file covering all mem-
bers of the Danish Union of Gardeners. The gardeners 
worked primarily in greenhouses, nursery gardens, or 
public parks, gardens and cemeteries, and the majority 
were regularly exposed to a mixture of pesticides dur-
ing their active working life (6). All the members of 
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the cohort had a valid personal identification number, 
were working on 1 May 1975, and alive and living in 
Denmark on 1 January 1977 (baseline).  

Parkinson’s disease and cancer

We linked the cohort members with the files of the Dan-
ish National Hospital Register to identify those who had 
been diagnosed with Parkinson’s disease (ICD-8 code 
342 and ICD-10 code G20) when they were aged ≥35 
years. The Hospital Register contains data on all hospital 
admissions for somatic diseases in Denmark since 1977; 
information on outpatients and emergency ward contacts 
was added to the Register in 1995 (7). Only in- and out-
patients with a primary diagnosis of Parkinson’s disease 
were identified. For patients discharged more than once 
with this diagnosis, only the first record was retained 
and used as the date of diagnosis.

We also linked the study population to the Danish 
Cancer Registry to identify incident cases of the major 
smoking-related cancers [ie, of the lung (ICD-7 162; 
ICD-10 C33–C34 and C39), larynx (ICD-7 161; ICD-10 
C32) and urinary bladder (ICD-7 181; ICD-10 C67)] (8). 
As previous studies have repeatedly found a protective 
effect of smoking on the risk for Parkinson’s disease (9, 
10), we included these cancers as proxies for smoking 
among gardeners.

Statistical analysis

Gardeners were followed for a primary diagnosis of 
Parkinson’s disease from 1 January 1977 or when they 
reached 35 years until the earliest diagnosis of this 
disease, death, emigration, loss to follow-up, or 31 
December 2008. We compared the observed numbers 
of first hospital contacts for a primary diagnosis of Par-
kinson’s disease among gardeners with those expected 
from age-, gender- and calendar-period-specific rates 
for the general population in 1977–2008. The rates were 
calculated by multiplying the numbers of person–years 
for cohort members by the in- and outpatient rates for a 
primary diagnosis of Parkinson’s disease of Danish men 
in 5-year age groups and calendar periods. 

Similarly, we calculated the incidences of cancers of 
the lung, larynx and urinary bladder among the garden-
ers and compared them with those expected from the 
age- and calendar-period-specific incidence rates in the 
general male population. The observed and expected 
numbers were derived from the Danish Cancer Registry 
for the period 1977–2008. 

Standardized hospitalization rate ratios (SHR) for 
Parkinson’s disease were computed, as were standard-
ized incidence rate ratios (SIR) for cancers of the lung, 
larynx, and urinary bladder. For each risk estimate, 
the associated 95% confidence interval (95% CI) was  

calculated on the assumption of a Poisson distribution 
of the observed numbers.

As the working environment of gardeners and their 
exposure to pesticides has changed during the twentieth 
century, we also conducted a birth cohort analysis (gar-
deners born in 1900–1914, 1915–1934, or 1935–1958) 
to evaluate the presence of a time trend for risk of 
Parkinson’s disease. Gardeners in the early birth cohort 
were ≥30 years old in the period after World War II, 
when pesticide use became widespread. As heavy use 
began to decline in the 1960s, gardeners in the late birth 
cohort were not exposed to the same extent as their 
counterparts in the two earlier birth cohorts (11). 

Results

The cohort consisted of 3124 gardeners born between 
1900–1958, who accrued 68 323 person–years of fol-
low-up (range, 4 days to 32 years), with an average of 
24.7 years (table 1).

During follow-up, 28 of the gardeners were hospi-
talized with a primary diagnosis of Parkinson’s disease, 
while 24.5 were expected from the rates for the general 
population, yielding an overall slightly increased SHR 
of 1.14 (95% CI 0.76–1.65) (table 1). When we stratified 
the analysis on the three birth cohorts, the risk estimate 
was 1.55 (95% CI 0.77–2.77) for the early birth cohort 
(table 2). 

In the analysis of smoking-related cancers among 
the gardeners, the risk estimate for lung cancer was 
close to that of the Danish population (SIR 1.03, 95% 
CI 0.86–1.20) (table 3).

Discussion

In this follow-up study of 3124 professional gardeners, 
the overall risk for a first hospitalization for Parkinson’s 
disease was close to that of the general Danish popula-
tion. In the birth cohort most intensively exposed to 
pesticides, we observed 11 cases of Parkinson’s disease 
when 7.5 were expected, a difference that did not reach 
statistical significance.

This is the first study, to our knowledge, to investi-
gate the risk for Parkinson’s disease among gardeners. 
Several studies have found positive associations between 
farming and Parkinson’s disease (12–16), including a 
Danish study, in which men working in agriculture and 
horticulture had a significantly higher risk for a first hos-
pital admission for Parkinson’s disease (SHR 132, 95% 
CI 111–156) than the general Danish population (17). It 
has been suggested that the increased risks of farmers 
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and agricultural workers are related to exposure to pes-
ticide (17, 18), and this hypothesis has been examined 
in several recent epidemiological studies, most of which 
found positive associations (18–27), while few were 
unable to find such effects (28–30). Four of the studies 
were cohort studies (18, 25–27), while the remaining 
had a case–control design. However, the results of the 
case–control studies might have been affected by differ-
ential recall by case status as suggested in a recent study 
of the potential for recall bias in case–control studies of 
pesticides and Parkinson’s disease (31).

The exposure of Danish gardeners to pesticides was 
described by the Danish National Environmental Board 
(32) and in studies of their cancer risk (6, 11), showing 
that, in Denmark, gardeners have had more frequent and 
intense exposure to pesticides than any other occupa-
tional group (11), including farmers who usually spray 

crops only a few times a year. Furthermore, as most 
Danish male gardeners stay in the trade from a young 
age until retirement, they are considered to constitute 
a very stable job group. When the cohort of gardeners 
was established for the studies of cancer risks, it was 
estimated that one third had been directly exposed to 
pesticides, while the remainder has been indirectly 
exposed by skin contact with newly sprayed plants or 
by inhalation when working in newly sprayed areas (6). 
Several of the pesticides used by Danish gardeners have 
shown to be neurotoxic to humans, including organo-
chlorines [eg, dieldrin, dichlorodiphenyltrichloroethane 
(DDT) and lindane], paraquat, organophosphates (eg, 
malathion) and dithiocarbamates (eg, maneb) (5, 11, 
30, 33). Gardeners in the early birth cohort (born before 
1915) were potentially exposed to the highly toxic 
pesticides introduced after World War II, which might 
have resulted in the observed elevated risks for certain 
neoplasms, such as soft tissue sarcoma and leukemia, 
found in an earlier study (11).

The strengths of our study include the long follow-up 
time (up to 32 years), complete follow-up of the cohort 
members, and ascertainment of diagnoses of Parkinson’s 
disease and smoking-related cancers from national regis-
ters, thus minimizing the possibility of bias in selection 
of study subjects or reporting disease outcomes. The 
potential limitations of the study include the finding that, 
although Parkinson’s disease is a common disorder, only 
28 of the gardeners had a primary diagnosis of this disease 
during follow-up. This limited the statistical power of 
the study, especially for assessing trends in risks across 
birth cohorts. Furthermore, we did not have individual 
information on exposure to pesticides or smoking habits. 
Cigarette smoking has repeatedly been associated with 
a decreased risk for Parkinson’s disease. In the analysis 
of smoking-related cancers, however, the risk for lung 
cancer did not differ from that of the general population, 
although the risk for urinary bladder and larynx cancer 
was slightly decreased, indicating neutral or slightly 
reduced smoking frequencies among gardeners. 

The identification of cases with Parkinson’s disease 
from a hospital register might have introduced some 
degree of disease misclassification, because a smaller 
unknown percentage of patients with secondary parkin-
sonism or symptomatic related diseases are discharged 
with a Parkinson’s disease diagnosis. To minimize the 
inclusion of misdiagnosed gardeners, we only included 
those who had a primary diagnosis of Parkinson’s dis-
ease during follow-up as this diagnosis is considered 
to be more accurate and reliable than a supplementary 
diagnosis. A previous study of patients with Parkinson’s 
disease in Denmark showed that patients with such a 
diagnosis more often are diagnosed in a neurological 
department compared to patients with a supplementary 
diagnosis (34). We also lacked information on date of 

Table 1. Selected characteristics of 3124 Danish professional 
gardeners 

Characteristics Number %

Period of birth
1900–1914 501 16.0
1915–1934 1185 37.9
1935–1958 1438 46.0

Censoring of follow-up due to
Parkinson’s disease 28 0.9
Emigration / disappeared 18 0.6
Dead 1529 48.9
End of follow-up, 31 December 2008 1549 49.6

Year of Parkinson’s disease diagnosis 
1977–1979 1 3.6
1980–1989 12 42.9
1990–1999 12 42.9
2000–2006 3 10.7

Diagnosis of Parkinson’s disease obtained from
Outpatient clinic 4 14.3
Inpatient clinic 24 85.7

Table 2. Standardized hospitalization rate ratios (SHR) and 95% 
confidence intervals (95% CI) for Parkinson’s disease among 
3124 Danish professional gardeners, by birth cohort

Birth cohort Observed cases SHR 95% CI

All 28 1.14 0.76–1.65
1900–1914 11 1.55 0.77–2.77
1915–1934 16 1.15 0.66–1.87
1935–1958 1 0.28 0.00–1.58

Table 3. Standardized incidence rate ratios (SIR) and 95% confi-
dence intervals (95% CI) for cancer of the lung, urinary bladder, 
and larynx among 3124 Danish professional gardeners

Site of cancer Observed cases SIR 95% CI

Lung 139 1.02 0.86–1.20
Larynx 9 0.72 0.33–1.37
Urinary bladder 59 0.82 0.62–1.05
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first symptoms. Most patients with Parkinson’s disease 
begin drug treatment months to years before they are 
hospitalized with a primary diagnosis of Parkinson’s 
disease (34), indicating a delay in diagnosis when solely 
identifying cases in a hospital register. Furthermore, 
when patients in the early phase of the disease are not 
in contact with either in- or outpatient clinics, less 
severe cases of Parkinson’s disease were potentially not 
detected during follow-up. However, this also applies 
to the general Danish population, thus leading to non-
differential disease misclassification. 

The gardeners were followed for Parkinson’s disease 
from 1977 (the same year the Danish National Hospital 
Register was instituted), so some prevalent cases might 
have been registered in the first years. However, when 
we lagged the analysis by excluding the first three years 
of follow-up (1977–1979), the overall risk estimate 
changed only slightly (SHR 1.17, 95% CI 0.77–1.70). 

Since all the gardeners in the cohort were working at 
the time of inclusion, they constitute a healthier group 
than the average population, which includes both the 
unemployed and invalids. Parkinson’s disease mainly 
affects older people, thus it is unlikely that the disease 
has influenced employment earlier in life, but might 
have caused a selection out of the workforce due to the 
physical limitations of the movement disorder. This 
healthy worker survivor effect tends to underestimate an 
exposure–disease relationship, thus potentially biasing 
the risk estimate toward the null. However, the strength 
of the healthy worker effect tends to diminish with 
length of time since entry (35), so the long follow-up 
time in this study might have weakened the effect, if 
there was any.

In conclusion, the study indicates a weak but dose–
related association between exposure to pesticides and 
Parkinson’s disease. Further, larger studies are warranted 
to clarify whether gardeners exposed to pesticides have 
a higher risk for Parkinson’s disease. 
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