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ABSTRACT
ObjectiveaaThe consensus is that life expectancy for individuals with Parkinson’s disease (PD) is reduced, but estimations vary. 
We aimed to provide an overview of 20 years of mortality and risk factor data from the Queensland Parkinson’s Project.
MethodsaaThe analysis included 1,334 PD and 1,127 control participants. Preliminary analysis of baseline characteristics (sex, age 
at onset, family history, smoking status, pesticide exposure, depression and neurosurgery) was conducted, and Kaplan–Meier curves 
were generated for each potential risk factor. Standardized mortality ratios (SMRs) were calculated comparing this cohort to the gen-
eral Australian population. Cox proportional hazards regression modeling was used to analyze potential predictors of mortality.
ResultsaaIn total, 625 (46.8%) PD and 237 (21.0%) control participants were deceased. Mean disease duration until death was 
15.3 ± 7.84 years. Average ages at death were 78.0 ± 7.4 years and 80.4 ± 8.4 years for the deceased PD and control participants, 
respectively. Mortality was significantly increased for PD in general {SMR = 2.75 [95% confidence interval (CI): 2.53–2.96]; p = 
0.001}. SMRs were slightly higher for women and those with an age of onset before 60 years. Multivariate analysis showed that 
deep brain stimulation (DBS) treatment was associated with lower mortality [hazard ratio (HR) = 0.76; 95% CI: 0.59–0.98], while 
occasional pesticide exposure increased mortality risk (HR = 1.48; 95% CI: 1.17–1.88). Family history of PD, smoking and de-
pression were not independent predictors of mortality.
ConclusionaaMortality in PD is increased. Sex, age at onset and occasional pesticide exposure were independent determinants 
of increased mortality, while DBS treatment was associated with reduced mortality. 

Key WordsaaDeep brain stimulation; Life expectancy; Mortality; Parkinson’s disease; Prognostication.

ORIGINAL ARTICLE

https://doi.org/10.14802/jmd.20034  /  J Mov Disord  2021;14(1):34-41
pISSN 2005-940X / eISSN 2093-4939

JMD

Parkinson’s disease (PD) is characterized by considerable het-
erogeneity in onset, expression and progression of symptoms, 
making diagnosis challenging and prognosis even more so. To 
date, PD remains an incurable neurodegenerative disease that 
affects multiple extended neural networks and results in gradual 
functional and cognitive decline, loss of autonomy and, ulti-
mately, mortality.1  

With some exceptions, the consensus is that life expectancy is 
reduced in PD;  however, the extent is heavily debated as well as 
the associated predictive factors.2 The reasons for this variability 

in the estimation of mortality are plentiful and generally the re-
sult of methodological issues, including study design, follow-up 
duration, sample size and diagnostic uncertainty.2 Most studies 
report findings on small cohorts3-6 commonly followed over 
only short periods.4,7,8 Furthermore, some have used the study 
enrollment date instead of the date of onset of PD for their cal-
culations, potentially miscalculating mortality estimations.

The Queensland Parkinson’s Project (QPP) is an ongoing proj-
ect that has systematically collected PD data in Australia over the 
last 20 years. We aimed to investigate mortality and potential pre-
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dictors from the data collected over this 20-year period from 
close to 1,900 participants with PD and 1,127 controls included 
in the project.   

METHODS

Participants
The data for analyses were obtained from the QPP, a longitu-

dinal community-based research collaborative, initiated in 2000, 
aimed at identifying risk and progression markers for PD. QPP 
participation information is widely disseminated among move-
ment disorder clinics in Queensland. Additionally, project infor-
mation can be found online on the university website as well as 
the website of PD support groups. Volunteers express their inter-
est in participation, after which they receive a participation pack 
including the project information and consent documentation. 
A control group, comprising of relatives, friends or individuals 
identified from the commonwealth electoral roll, was used for 
analysis. Baseline personal and medical information and a blood 
sample are collected upon entry, and any changes in personal 
and medical circumstances are collected through annual stan-
dardized follow up. The QPP has been approved by local ethics 
(IRB 2011-730), and all the participants signed informed con-
sent upon entry to the QPP. Different methods were used to 
monitor vital status, including annual follow-ups and national 
death registries. Entries for which the vitality status could not be 
obtained were excluded from analysis. By the census date (Feb-
ruary 2020), 1,334 participants diagnosed with PD were includ-
ed in this study as well as 1,127 controls for comparison, where 
appropriate.

Statistical analysis
Standardized mortality ratios (SMRs) were calculated for the 

PD cohort at the census date for men and women using 5-year 
age groups. Additionally, SMRs were calculated separately for 
those with a disease onset age before 60 years and 60 years or 
older. SMRs were considered significant if the lower limit of the 
95% confidence interval (CI) was higher than 1 or if the upper 
limit was below 1. The expected number of deaths was calculat-
ed using the age- and sex-specific population data from the Aus-
tralian Bureau of Statistics, with a 5-year age interval.9

Survival was also calculated in years from the age of PD onset 
to age at death or censoring. A Kaplan–Meier plot was generated 
for survival analysis. The log-rank test was used in univariate 
analyses to evaluate differences between the deceased and sur-
vival groups. To investigate potential independent risk factors, 
a Cox proportional hazards model was applied based on multi-
variate analysis using the following categorical predictors: age at 
onset (year of the first symptom), sex, pesticide exposure [never, 

occasional (< 24 days), regular (> 25 days)], family history of PD, 
smoking status (ever vs. never), neurosurgery [deep brain stim-
ulation (DBS) and pallidotomy] and depression (Geriatric De-
pression Scale score > 6 or previous treatment for depression). 
Continuous variables were expressed as the means ± standard 
deviation (SD). All information was collected using a structured 
questionnaire.10 Values of p < 0.05 were considered statistically 
significant.

RESULTS

An overview of the baseline characteristics of the study popula-
tion is found in Table 1. During the 20-year period, the average 
follow-up duration for the PD cohort was 8.1 ± 4.2 years (10,711 
person-years available for analysis) and 10.1 ± 3.76 years (11,364 
person-years) for the control group. Most of the included PD 
participants were male (845/1,334; 63.3%). The average age of PD 
onset was 59.5 ± 11.4 years, which was similar for both men and 
women (Table 1), and the average age at death or census was 78.0 
± 7.4 years. The sex distribution of the control group was more 
evenly matched (546/1,127; 48.5% male). The disease duration 
for the PD cohort was 16.5 ± 7.7 years, with marginally longer 
durations for women than men, 17.1 ± 8.0 and 16.2 ± 7.6 years, 
respectively. A family history of PD was reported by 28.4% and 
34.2%, depression by 41% and 18.3%, smoking history by 50.2% 
and 55.8% and neurosurgery by 19.6% and 0% of PD and con-
trol participants, respectively. Most of the participants had nev-
er been exposed to pesticides (71.1% and 82.3%, PD and con-
trol participants, respectively). Most of those with occasional 
(9.1% vs. 6.0%) and regular (18.7% vs. 11.4%) exposure were 
male (68.0% vs. 61.8% and 82.7% vs. 81.4% for PD vs. controls, 
respectively).

Of the 1,334 PD participants included in the analyses, 625 
(46.8%) were deceased, with an average follow-up duration of 5.5 
± 3.3 years. The average age at onset of the deceased in the PD 
group was 62.7 ± 10.6 years, and the average age at death was 
78.0 ± 7.4 years, whereas the average age of onset for survivors in 
the PD group was 56.6 ± 11.3 years and age at census was 74.1 ± 
9.2 years. The average follow-up duration for the survivors in the 
PD group was 10.3 ± 3.6 years. Initial exploration of the data us-
ing Kaplan–Meier survival analysis (Figure 1) indicated a median 
time of survival from the age of onset of 23.8 years with a range of 
1–56 years for the entire PD cohort. The probability of survival 
was reduced to 0.83 after 10 years of disease duration, after which 
survival was significantly decreased (Figure 1). 

In the control group, 237 (21.0%) of the 1,127 participants 
had died, with an average follow-up duration of 5.4 ± 4.0 years. 
The average age at entry was 65.8 ± 10.9 years; the age at death 
for the deceased controls was 80.4 ± 8.4 years, and the age at 
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independent predictors of decreased survival. After adjusting for 
age and sex, DBS surgery (p = 0.012) was associated with in-
creased survival and occasional pesticide exposure (p = 0.001) 
showed a significant association with reduced survival. DBS treat-
ment demonstrated a moderately lower risk of death [hazard 
ratio (HR) = 0.73], while occasional pesticide exposure showed 
a substantial increased risk in mortality (HR = 1.52). Regular pes-
ticide exposure showed a moderately increased mortality risk 
(HR = 1.21); however, this finding was not statistically signifi-
cant (p = 0.074). The results of multivariate modeling indicated 
similar findings. Male sex (HR = 1.31), age at onset (HR = 1.11) 
and occasional pesticide exposure (HR = 1.48) all showed a sta-
tistically significant increase in mortality (p < 0.01). Addition-
ally, DBS treatment was associated with increased survival (HR 
= 0.76) that was statistically significant (p = 0.038). Other base-
line variables were not independent predictors of mortality in 
both univariate and multivariate analyses.

Table 4 presents the results of Cox hazard modeling for the 
control group. Both univariate and multivariate analyses showed 
a significant impact of occasional pesticide exposure on mortal-
ity (HR = 2.58 and HR = 2.83, respectively, both p = 0.001). All 
other variables showed no significant effect.

DISCUSSION 

This study presents mortality estimations on various risk 
factors from the 20 years of systematic Australian population-
based PD data collection in the QPP database. Consistent with 
findings from previous studies, our results showed increased 
mortality in PD. Furthermore, older age at onset, male sex and 

Figure 1. Kaplan–Meier curve for the survival probability of the en-
tire cohort.
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census was 74.7 ± 10.7 years for the survivors. 
An overview of the SMRs for the PD cohort is shown in Table 

2. Mortality was significantly increased in the PD cohort com-
pared with that in the general Australian population as well as 
the population of the state of Queensland [SMR=2.75 (95% CI: 
2.53–2.96) and 2.70 (95% CI: 2.49–2.91), respectively]. Com-
pared with national and local expected deaths, women in the 
PD group showed a slightly higher mortality rate than men 
(Table 2). Mortality was increased regardless of the age of onset; 
however, mortality was higher in the group with a disease onset 
before the age of 60 years.  

Table 3 presents the results of the Cox hazard modeling for the 
PD group. Initial univariate development of the model revealed 
later age at onset (p = 0.001) and male sex (p = 0.001) as strong 

Table 1. Baseline demographics and clinical characteristics of the PD and control groups

PD group Control group

Total Male Female Total Male Female
Participants 1,334 (100) 845 (63.3) 489 (36.7) 1,127 (100) 546 (48.5) 581 (51.5)

Age at onset (yr) 59.5 ± 11.4 59.6 ± 11.2 59.2 ± 11.7 - - -

Age at census (yr) 74.1 ± 9.2 74.0 ± 9.0 74.2 ± 9.4 74.7 ± 10.7 75.7 ± 10.6 73.8 ± 10.7

Age at death (yr) 78.0 ± 7.4 77.6 ± 7.0 78.8 ± 8.0 80.4 ± 8.4 80.4 ± 7.8 80.4 ± 9.1

Disease duration (yr) 16.5 ± 7.7 16.2 ± 7.6 17.1 ± 8.0 - - -

Family history of PD 379 (28.4) 223 (58.8) 156 (41.2) 381 (33.8) 151 (39.6) 230 (60.4)

Depression 547 (41.0) 341 (62.3) 206 (37.7) 202 (17.9) 79 (39.1) 123 (60.9)

Neurosurgery

DBS 235 (17.6) 158 (67.2) 77 (32.8) - - -

Pallidotomy 27 (2.0) 18 (66.7) 9 (33.3) - - -

Ever smoker 670 (50.2) 495 (73.9) 174 (26.1) 624 (55.4) 386 (61.8) 238 (38.1)

Pesticide exposure 

Never 948 (71.1) 544 (58.4) 404 (42.6) 917 (81.4) 394 (43.0) 523 (57.0)

Occasional 122 (9.1) 83 (68.0) 39 (32.0) 68 (6.0) 42 (61.8) 26 (38.2)

Regular 249 (18.7) 206 (82.7) 43 (17.3) 129 (11.4) 105 (81.4) 24 (18.6)

Data are presented as n (%) or mean ± standard deviation. PD: Parkinson’s disease, DBS: deep brain stimulation.
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occasional pesticide exposure were associated with increased 
mortality, whereas previous DBS surgery was associated with 
decreased mortality. 

Mortality in this PD cohort was significantly increased com-
pared with both the general Australian population and Queensland 

state population. This finding agrees with the data in previous  
reports, although our SMRs show higher ranges than those re-
ported previously.2 The common limitations of those studies are 
the short duration and small sample sizes, which could explain 
the lower mortality estimations.2 Diem-Zangerl et al.3 reported 

Table 2. SMR for the PD group in relation to that for the state of Queensland and Australia

Sex  Queensland 
SMR (95% CI) p Australia 

SMR (95% CI) p

Overall

Female  2.84 (2.47–3.22) 0.001† 2.87 (2.49–3.25) 0.001†

Male  2.41 (2.17–2.64) 0.001† 2.47 (2.23–2.72) 0.001†

Total 2.70 (2.49–2.91) 0.001† 2.75 (2.53–2.96) 0.001†

Age of onset < 60 years

Female  3.91 (3.13–4.69) 0.001† 3.97 (3.18–4.77) 0.001†

Male  2.90 (2.45–3.43) 0.001† 2.98 (2.52–3.43) 0.001†

Total 3.47 (3.05–3.90) 0.001† 3.47 (3.05–3.90) 0.001†

Age of onset ≥ 60 years

Female  2.36 (1.95–2.77) 0.001† 2.37 (1.96–2.79) 0.001†

Male  2.17 (1.89–2.44) 0.001† 2.23 (1.95–2.51) 0.001†

Total 2.36 (2.12–2.60) 0.001† 2.40 (2.15–2.64) 0.001†

†p < 0.01. SMR: standardized mortality ratio, PD: Parkinson’s disease, CI: confidence interval.

Table 4. Univariate and multivariate associations between baseline variables and survival for the control group 

Variable 
Univariate analysis Multivariate analysis

HR (95% CI)a p HR (95% CI)b p
Male sex  1.05 (0.81–1.35) 0.738 0.85 (0.62–1.17) 0.326

Pesticide exposure

Occasional 2.58 (1.77–3.77) 0.001† 2.83 (1.90–4.22) 0.001†

Regular 1.14 (0.77–1.69) 0.524 1.21 (0.81–1.82) 0.351

Smoking  1.09 (0.82–1.46) 0.554 1.19 (0.87–1.62) 0.273

Depression  0.88 (0.58–1.31) 0.546 0.84 (0.56–1.28) 0.422

Family history  0.94 (0.70–1.26) 0.675 0.94 (0.69–1.29) 0.710
aadjusted for age at entry and sex, badjusted for all. †p < 0.01. HR: hazard ratio, CI: confidence interval.

Table 3. Univariate and multivariate associations between baseline variables and survival for the PD group 

Variable
Univariate analysis Multivariate analysis

HR (95% CI)a p HR (95% CI)b p
Male sex  1.40 (1.13–1.58) 0.001† 1.31 (1.09–1.56) 0.003†

Age at onset  1.11 (1.10–1.12) 0.001† 1.11 (1.10–1.12) 0.001†

Neurosurgery

DBS 0.73 (0.56–0.93) 0.012* 0.76 (0.59–0.98) 0.038*
Pallidotomy 0.72 (0.39–1.32) 0.283 0.74 (0.39–1.14) 0.363

Pesticide exposure

Occasional 1.52 (1.20–1.93) 0.001† 1.48 (1.17–1.88) 0.001†

Regular 1.21 (0.98–1.50) 0.074 1.20 (0.97–1.49) 0.098

Smoking  1.00 (0.85–1.18) 0.984 1.02 (0.86–1.20) 0.829

Depression  0.97 (0.82–1.14) 0.679 0.99 (0.84–1.16) 0.853

Family history  0.91 (0.76–1.09) 0.295 0.90 (0.75–1.09) 0.292
aadjusted for age of onset and sex, badjusted for all. *p < 0.05, †p < 0.01. DBS: deep brain stimulation, PD: Parkinson’s disease, HR: hazard ratio, CI: 
confidence interval.
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increased SMRs at lower ranges that increased over time in their 
20-year follow-up study [SMR = 0.6 (95% CI: 0.4–1.0) by 5 years, 
0.9 (95% CI: 0.7–1.2) by 10 years, 1.2 (95% CI: 1.0–1.4) by 15 
years, and 1.3 (95% CI: 1.1–1.5) by 20 to 30 years]. The Sydney 
multicenter study also reported significant differences in SMR 
with increasing disease durations that were more in common 
with our findings. For example, their results showed increased 
SMRs from 0.5 after 3 years of disease, to 1.8 after 5 years, 2.3 be-
tween 5 and 10 years, 2.7 at 10–15 years and 3.1 at 15–20 years.4 

The median probability of survival of our cohort was 23.78 
years, which is considerable. In a recent comprehensive review 
by Macleod et al.,2 88 mortality studies in PD were compared 
and the outcomes were analyzed. They found 18 studies that re-
ported a median survival, which ranged between 6 and 22 years. 
The authors concluded that the major discrepancy between the 
reported survival estimates was due to differences in baselines 
(e.g., time of diagnosis, onset or recruitment). The estimations 
in the current study were based on the year of onset, which 
might explain the long survival. Generally, the diagnostic delay 
(from the onset of the first motor symptom to diagnosis) is es-
timated to be approximately 12–15 months,11,12  whereas re-
cruitment can occur at any stage before the onset of or during 
the disease. Similar to the studies reviewed previously, the 
probability of survival remains relatively constant during the 
first few years and then declines steadily. The average decline 
in survival in the reviewed studies was approximately 5% per 
year compared with 2.5% in the current study.

The average disease duration until death of 15.3 years in the 
current study was longer than that in previous reports. A meta-
analysis performed by Macleod et al.2 identified 10 studies (n = 
1,306) that reported highly variable disease durations ranging 
from 6.9 to 14.9 years. In particular, a previous PD mortality 
study conducted in Australia found an average disease duration 
of 9.1 years.4

The average age at death for men was 77.6 ± 7.0 years and that 
for women was 78.8 ± 8.0 years, which were less than the average 
ages at death in the control group (80.4 ± 7.8 years and 80.4 ± 9.1 
years for men and women, respectively). The estimated life ex-
pectancy of the general public in Queensland of 80.5 years for 
men and 85.0 years for women13 agrees with that of the control 
group. Although some studies reported comparable PD mortality 
rates to that of the general population, the period of follow up of 
those studies was usually short and the cohorts were small. The 
findings from studies with a longer follow up, however, seem to 
suggest similar or moderately increased PD mortality compared 
with that of the general population for the first 10 years, after 
which the mortality rate increases steadily until 20 years and does 
not increase much further.4,6,14,15 

Consistent with previous studies on mortality in PD, surviv-

al analysis of the potential risk factors in multivariate analysis 
indicated that age at onset and sex were independent predic-
tors of mortality. The increased mortality risk from the age at 
onset (HR = 1.11) matches that in previous reports suggesting 
approximately 7–10% increased risk for each additional year 
after onset.3,4,6-8 Similarly, the SMRs showed increased mortali-
ty in PD regardless of the age of onset. However, a younger age 
of onset showed a considerably higher mortality than an onset 
after the age of 60 years. These findings are consistent with 
those in previous studies suggesting an increased risk of mor-
tality with a lower age of disease onset (before the age of 60 
years).3,5,6,16,17 Except for Morgan et al.,16 those studies generally 
showed increased mortality in both groups. Others reported 
that older age, irrespective of onset, was an independent risk 
factor for increased mortality,7,14,18 an expected finding because 
increasing age is associated with increased mortality in the 
general population. 

Male sex was associated with moderately increased mortality 
compared with female sex (HR = 1.31). However, the SMRs of 
the current study showed the opposite, with slightly higher mor-
tality for women regardless of the age of onset. This finding is in 
contrast to that in the Sydney multicenter study in which sex-
adjusted SMR values indicated equivocal mortality between men 
and women with PD.4 Commonly, male sex is found to have a 
higher mortality risk. For example, a Norwegian study found that 
male sex was associated with an increased risk by 63% (HR = 
1.63)19 and other studies showed similar findings.3,6 However, 
sex is not consistently found to be a statistically significant pre-
dictor of mortality.4,8,20 The increase in mortality for men with PD 
is potentially due to the increased mortality experienced by the 
general male population. Our results could have been influenced 
by more men than women having received DBS surgery, which 
was associated with a reduced risk of mortality in our study. 

Interestingly, DBS treatment was associated with reduced 
mortality. Although DBS treatment has been suggested to have 
neuroprotective effects and studies have reported decreased 
mortality in individuals with PD treated with DBS, controversy 
persists regarding these claims. Kaplan–Meier curve analysis 
indicated a strong association of DBS treatment compared 
with the rest of the cohort. This finding was further supported 
by the Cox proportional hazards regression model, in which 
both uni- and multivariate analyses showed significant associa-
tions (p < 0.05). The HR of 0.76 (95% CI: 0.59–0.98) suggested 
mildly lower mortality rates for those with DBS treatment when 
adjusted for all other variables. These findings are similar to those 
in previous studies. Hitti et al.,21 for example, showed a survival 
of 51% after 10 years in a cohort of 200 participants with DBS 
treatment. Ngoga et al.22 also found a significant effect of DBS 
treatment on mortality compared with a pharmacological treat-
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ment group (HR = 0.29; 95% CI: 0.13–0.64; p < 0.01). By contrast, 
Schüpbach et al.23 found no difference in survival after second-
ary analysis comparing a DBS and a non-DBS group. Similarly, 
a study conducted at the Oslo University Hospital also found no 
effects of DBS treatment on mortality.24 However, both studies 
matched and compared their DBS treatment cohort to nontreat-
ment groups from different sources (different countries23 and 
time periods23,24), making direct comparisons questionable. Sev-
eral reasons could be proposed for the associations of DBS treat-
ment with reduced PD mortality. First, the selection of DBS 
treatment often requires an excellent levodopa response, little 
comorbidity and no cognitive deficits, which could explain the 
longer survival. Patients who are deemed medically fit and ex-
pected to live longer are more often viable candidates for this 
treatment option. However, DBS treatment is commonly pre-
ferred when pharmacological treatment is no longer effective 
and high dosages cause several complicating side effects that 
significantly affect health and quality of life. The second reason 
for the DBS effects on mortality are that treatment often results 
in the reduction in the traditional medication regimen. Toft et 
al.25 showed that levodopa was reduced by 49% following DBS 
surgery and remained lower throughout subsequent manage-
ment. In the current study, we only compared pre- and post-DBS 
surgery medications for a subgroup of 73 patients (47 men). At 
baseline, the average levodopa equivalent dose was calculated as 
762.27 ± 465.21 mg/day. Six months following DBS surgery, the 
average dose was 279.90 ± 274.35 mg/day, a significant average 
reduction of 63.39% (2-tailed t-test: p < 0.001). Importantly, 
our study makes no implications about the toxicity of PD medi-
cation. Instead, as pointed out by Ngoga et al.,22 several studies 
have reported on the beneficial effects of improved quality of 
life, motor function and reductions in drug-related side effects 
following surgery. Together, these effects are suggested to reduce 
the risk of respiratory disease. Indeed, in their study, more medi-
cally managed PD patients died of respiratory causes (pneumo-
nia and pulmonary embolism) than those treated with DBS.22 
Another potential reason for the associations of DBS with mor-
tality is the intensified disease management following DBS sur-
gery that requires (and is a selection prerequisite) frequent medi-
cal follow-up.26 Therefore, potential disease complications and 
comorbidities are more intensively screened and monitored and, 
where possible, treated, which could be more beneficial for over-
all health.27 

Pesticide exposure at occasional levels (HR = 1.48; 95% CI: 
1.17–1.88), but not regular levels (HR = 1.20; 95% CI: 0.97–
1.49), showed a significantly increased risk of mortality. Inter-
estingly, occasional pesticide exposure was also a significant 
predictor of mortality in the control group. Although the asso-
ciation between pesticide exposure and PD has been studied 

extensively, the relationship between exposure and mortality 
risk in PD has only received modest attention. The study by 
Ritz and Yu28 was one of the first to compare PD mortality in 
counties in California, USA with high agricultural pesticide 
use with those not using pesticides. Their results showed a 
clear dose-response relationship for insecticide use per county 
land treated and risk of mortality.28 A Dutch occupational haz-
ard study on PD found that pesticide exposure was associated 
with an elevated risk of mortality among men, but among the 
‘ever high exposed’ subgroup (HR = 1.27; 95% CI: 0.86–1.88) 
and not the ‘ever only low’ group.29 Statistical significance was 
only revealed for the 1st tertile when cumulative exposures 
were considered [HR = 1.89 (95% CI: 1.11–3.22) for the group 
with the lowest unit years of exposure]. Interestingly, a previ-
ous study investigating mortality from PD and other causes 
among workers manufacturing the potent herbicide paraquat 
found no evidence of increased mortality from PD. All-cause 
mortality of the workers was significantly lower than that of 
the general population.30 Of the 292 deaths over 10 years, only 
two workers had PD mentioned as the cause of death on their 
death certificate. Underlying PD is not often listed as the cause 
of death on death certificates31 and could have resulted in an 
underestimation of the total PD deaths.30 Our report, in addi-
tion to the previous Californian and Dutch study, seems to in-
dicate that pesticide exposure may impact mortality and that 
further investigation into this topic is required.    

There are several limitations of this study. First, a limited 
number of risk factors were investigated with potential con-
founding variables not considered. This includes mental ab-
normalities, such as dementia and psychosis, which are known 
to impact mortality.4,7,20,32 Other potential risk factors not in-
vestigated in this study include the impact of sleep or clinical 
phenotype. This information was not collected consistently 
enough for further analyses. 

Additionally, most variables were recorded at baseline with 
some of the recorded variables only based on approximate pa-
tient recall, which can result in recall bias impacting the accu-
racy of the data. Although having consistent follow-up and ac-
curately measuring these variables would significantly improve 
the validity of the data, this is difficult for studies of this scale 
and time span.

Likewise, there may be selection bias resulting in the misrep-
resentation of the total population with PD in Queensland. 
First, those who visit healthcare facilities are more likely to be 
enrolled in the study, and these participants will likely experi-
ence better survival. Additionally, the younger onset cases of-
ten spark more interest and are more likely to be referred and/
or participate in the study than older patients, in whom PD 
can often go unnoticed or deemed insignificant relative to oth-
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er maladies. Furthermore, participants from rural areas were 
underrepresented. This low penetration in rural communities 
is likely due to the lack of movement disorder specialization; 
participants must travel to metropolitan areas to first learn 
about the study. Thus, the cohort presented in this study is not 
indicative of all people with PD and may suffer from selection 
bias with limited representation of rural communities.

However, the present study has important strengths. First, it is 
one of the largest studies of its kind with 1,334 participants and 
1,127 controls. Many other studies investigating mortality in PD 
have fewer than 500 participants, with numbers usually ranging 
from 100 to 300 individuals. Thus, potential relationships are less 
likely to be impacted in a small participant population, a draw-
back of many other studies.3,4,8,20,33 Furthermore, because this 
study is an ongoing project, 20 years of data are available for 
evaluation, allowing for a more comprehensive analysis of PD 
mortality and other relevant aspects of progression. 

In conclusion, our analyses of the considerable amount of QPP 
data reveal significantly increased mortality in PD. The age at 
death was only moderately reduced compared with the general 
population of Queensland, Australia. Age at onset and sex seem 
to be consistent independent predictors of mortality, and DBS 
treatment is associated with reduced mortality. Survival in PD 
is longer than that in most previous reports. Expanding the data 
with more consistent follow-up information should provide more 
in-depth insights into the factors associated with progression 
and mortality in PD.    
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