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Objective: To explore the potential association between the trait of being a

worrier and the likelihood of developing Parkinson’s disease (PD).

Background: While extensive research has explored the link between PD and

disorders such as depression and anxiety, limited research has been conducted

on the association between worry and PD.

Methods: This prospective cohort study utilized data obtained from the UK

Biobank, with baseline assessments conducted between 2006 and 2010 and

follow-up until July 16, 2023. Multivariable Cox proportional hazards regression

analysis was carried out to evaluate the link between worrier trait and the

development of PD. Adjustments were made for demographic factors, smoking,

PD polygenetic risk scores, alcohol consumption, body mass index, physical

activity, stroke, diabetes, hypertension, heart attack, and psychiatric history.

Subgroup and sensitivity analyses were additionally conducted to validate the

reliability of the outcomes.

Results: Over a mean follow-up period of 13.5 years, 3123 participants (0.68%)

out of 457,180 participants [median (IQR) age, 58.00 (50.00, 63.00) years; 54.3%

female] developed PD. The incidence of PD was positively linked to worry (log-

rank test, P < 0.001). Furthermore, worriers demonstrated a heightened risk of

developing PD [hazard ratio (HR) 1.32, 95% CI 1.23–1.42]. Importantly, this link

persisted even following adjustments for covariates (fully adjusted model HR

1.27, 95% CI 1.18–1.37). Additionally, when cases within the initial 5 years of

follow-up were excluded, the significance of the association persisted (HR: 1.28,

95% CI 1.18–1.38). In subgroup analyses categorized by age, early-onset PD

(age < 60 years) showed a stronger association than late-onset PD (age ≥ 60

years; early-onset PD HR 1.32, 95% CI 0.86–2.03; late-onset PD HR 1.13, 95%

CI 1.05–1.22).

Conclusion: These findings suggest that the worrier trait is consistently

associated with a higher risk of developing PD, particularly among young

individuals, highlighting the importance of mental wellness.
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Introduction

Parkinson’s disease (PD) ranks as the second highly prevalent

neurodegenerative disease following Alzheimer’s disease and

is witnessing rapid growth, as evidenced by the 6 million

people afflicted worldwide currently (Dorsey et al., 2018; Feigin

et al., 2019). Epidemiological research has firmly established

that behavioral and environmental elements may be involved

in the onset and progression of the disease. For example,

risk factors for PD include consumption of dairy products,

pesticide exposure, a history of cancer, and traumatic brain

injury. On the contrary, factors such as smoking, heightened

serum urate concentrations, caffeine consumption, and

physical activity have been found to decrease the risk of PD

(Ascherio and Schwarzschild, 2016).

PD is an intricate neurodegenerative condition characterized

by bradykinesia, resting tremor, and rigidity. Additionally, it

may manifest with autonomic dysfunction, cognitive impairments,

and mood disturbances (Armstrong and Okun, 2020). The

etiology of PD is multifaceted and complex. Recently, there

has been growing interest in exploring the potential influence

of psychological factors on its development. Specifically, various

psychiatric conditions and psychosocial issues, such as bipolar

disorder, schizophrenia, and loneliness, have been suggested to

increase the risk of PD (Faustino et al., 2020; Huang et al.,

2019; Kuusimäki et al., 2021; Terracciano et al., 2023). Among

these, depression and anxiety have been extensively studied as

risk factors for PD (Ishihara-Paul et al., 2008; Schuurman et al.,

2002; Chelminski and Zimmerman, 2003; Wang et al., 2018;

Nilsson et al., 2001). A meta-analysis of 11 studies confirms that

depression is significantly associated with an increased risk of

PD (Wang et al., 2018). Another study has revealed a positive

correlation between mood disorders and the risk of developing PD

(Noyce et al., 2012).

In summary, previous research has predominantly focused on

the relationship between severe mental issues and PD, overlooking

the association between more common psychological traits and

PD. As a common human experience, the worry trait may be an

important, yet understudied, psychological factor contributing to

PD risk.

Worry is defined as a chain of negatively charged thoughts and

images that are relatively uncontrollable. It represents an attempt

to mentally address issues with uncertain outcomes, which may

involve one or more negative consequences (Borkovec et al., 1983).

Those who worry often engage in mental rehearsals of potential

future events and experiences they perceive as dangerous or

undesirable while simultaneously seeking strategies to avoid them

(Mathews, 1990). Previous theoretical and empirical research has

solidified the notion that worry, particularly its repetitive nature,

can serve as a predictor of anxiety and depression (Gustavson et al.,

2018; Fresco et al., 2002; Segerstrom et al., 2000). Newman et al.

further supported this perspective, emphasizing that persistent,

frequent, and uncontrollable worry can pose challenges and is

linked to various psychiatric disorders, encompassing depression

and anxiety disorders (McEvoy et al., 2013). Worry has been found

to be equally linked to symptoms of depression, anxiety, and

stress (Newman et al., 2013). And existing research has largely

focused on anxiety and depression as potential risk factors for PD.

Relatively less is known about the association between worry and

PD. Elucidating this association could enhance our comprehension

of PD’s risk factors and underlying mechanisms. Addressing this

gap is crucial for early diagnosis and intervention strategies

for PD.

As mentioned above, psychiatric disorders are linked to a

heightened risk of PD. Nonetheless, to our knowledge, there

is currently little evidence to indicate whether mild emotional

distress, specifically worry, poses a risk for developing PD. Hence,

this study aims to explore the relationship between the trait of

worry and the risk of PD over an extended follow-up period using

a population-based cohort from the UK Biobank project. The

research also seeks to test whether this association is moderated

by other risk factors. Finally, this association is further tested in

subgroups and sensitivity analyses.

Methods

Study population

The UK Biobank (UKB) is an ongoing population-based

prospective study with participants exceeding 500,000 (Sudlow

et al., 2015). From 2006 to 2010, individuals were invited to

one of 22 assessment centers throughout the UK for baseline

information collection. At the baseline visit, participants were asked

to complete a touchscreen questionnaire, providing information

regarding sociodemographic characteristics, lifestyle factors, and

health status. Subsequent assessments are scheduled at intervals of

2 to 3 years. Approval for the UKB study was granted by the North

West Multi-Center Research Ethics Committee (REC reference:

11/NW/03820). The provision of written informed consent was

considered essential for participation, aligning with the principles

of the Declaration of Helsinki (Sudlow et al., 2015).

In this retrospective cohort investigation, the initial inclusion

criteria encompassed 502,366 UKB participants. To ensure

consistency and reliability in the study population and minimize

biases, we excluded individuals as follows: (1) individuals with a

PD diagnosis at baseline, (2) self-reported PD, to reduce the risk

of misdiagnosis and improve the validity of the study findings, (3)

those who did not respond to specific baseline inquiries, as well as

participants who selected “prefer not to answer” or “do not know”

were excluded to ensure that the analysis was based on a complete

and reliable data set. Approximately 0.08% of the total sample

size had incomplete data that was excluded from the analysis.

Ultimately, the study cohort consisted of 457,180 individuals (see

Figure 1).

Evaluation of worry

The mental health of the participants was assessed using an

electronic questionnaire upon entry to the assessment center. Our

primary focus was on evaluating the factor of worry, which was

measured by the question, “Are you a worrier?.” Responses were

coded as 0 for no and 1 for yes.
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FIGURE 1

Flowchart of included participants in the study.

Outcome assessment

Cases of PD were identified through algorithmically defined

outcomes integrating self-reported medical conditions, hospital

admissions, and death registries. The date of PD diagnosis was

extracted from the UKB data field labeled “Date of Parkinson’s

Disease report.” Self-reported PD instances and cases with a PD

diagnosis predating baseline were excluded from the analysis of

incident PD. The follow-up duration was calculated from the date

of the worry assessment to the date of PD diagnosis, date of fatality,

or the end of follow-up (July 16, 2023), whichever occurred first.

Covariates

Based on previous research evidence (Noyce et al., 2012; Ye

et al., 2021), we included the following covariates in our study to

comprehensively analyze the factors influencing the relationship

between worry and PD. The additional covariates were as

follows: age (continuous), sex (female/male), alcohol consumption

(never/previous/current), smoking (never/previous/current), and

education (college/university degree, other). Body mass index

(BMI, continuous) was calculated utilizing standing height and

weight values assessed at the assessment center. The Townsend

deprivation index (TDI) comprises a composite score derived from

four primary variables: unemployment, overcrowded households,

non-car ownership, and non-home ownership. The index has been

validated and applied in population studies within the UK, where

higher scores correlate with greater levels of deprivation (Ye et al.,

2021). Physical activity was assessed by asking participants, “How

many days did you walk for at least 10min at a time?”

Conditions such as hypertension and diabetes have been

associated with an increased risk of PD (Simonet et al., 2022). So we

took into account some comorbidities that may act as confounding

factors, influencing the relationship between worry and PD risk.

Medical history data were acquired via a standard self-administered

questionnaire, including inquiries about diabetes (yes/no), stroke

(yes/no), hypertension (yes/no), and heart attack (yes/no) history.

To assess any instance of prior psychiatric services, the item,

“Have you ever seen a psychiatrist for nerves, anxiety, tension, or

depression?” (yes/no) was utilized. The polygenic risk score (PRS)

is a useful predictive tool that quantifies a patient’s cumulative

genetic risk by compiling genome-wide significant variants, helping

to identify high-risk patients (Dehestani et al., 2021). Standard PD

PRS were available from the UKB genomic data, which had been

extensively described in prior sources (Thompson et al., 2022).

Statistical analyses

Baseline attributes were separately summarized for individuals

with and without worry and PD. Categorical variables were

expressed as percentages, while continuous variables were

presented as means with standard deviations (SDs) or medians

with interquartile ranges (IQRs). A preliminary assessment of the

potential link between worry and the risk of developing PD was

conducted using cumulative risk curves and the log-rank test.

Next, multivariate Cox proportional hazards regression models

were utilized for estimating the association of worry with the

likelihood of incident PD, with adjustment for confounding factors

(reported using hazard ratios, HRs, and 95% confidence intervals,

CIs). By creating multiple models that include different sets of
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covariates, we aimed to isolate the specific effect of worry on PD

risk. This approach allowed us to observe how the relationship

between worry and PD risk changed when accounting for various

demographic, lifestyle, medical, and psychological factors. It

provided a comprehensive analysis of the relationship between

worry and PD risk. Research has shown that age and sex are the

main factors in the incidence of PD (Willis et al., 2022; Wooten

et al., 2004); therefore, four multivariate-adjusted models were

developed in this study, each incorporating age and sex. Among

these, model 1 incorporated sex and age. Model 2 encompassed all

of the factors in model 1 along with college education, TDI scores,

BMI, smoking, alcohol and physical activity. Model 3 incorporated

the factors from model 2 along with diabetes, stroke, hypertension,

heart attack. Model 4 encompassed the factors from model 3 plus

PD PRSs and history of psychiatric services, was all adjusted model.

Lastly, to affirm the robustness of the acquired data, additional

subgroup and sensitivity analyses were carried out. It is widely

acknowledged that PD is more common in men and older adults;

therefore, the above analyses were also conducted in subgroups

stratified by sex, age (≤ 60 years and > 60 years), and other

covariates to identify potential effect modifications. Furthermore,

subjects who developed PD with a follow-up of < 5 years

underwent exclusion from the investigation to minimize the

influence of reverse causality on the model. Statistical analyses were

executed utilizing R software (v 4.2.2). P < 0.05 was deemed as a

statistically significant value.

Results

Basic attributes of the control and PD
groups

After excluding individuals with previously diagnosed PD,

self-reported PD, and missing baseline data, 457,180 participants,

ranging from 38 to 73 years in age [median (IQR) age, 58.00

(50.00, 63.00) years], were selected for participation in the

investigation. Figure 1 exhibits the flow chart illustrating the study

selection strategy.

During the maximum 16 years of follow-up [mean (SD), 13.5

(2.1) years, 6,171,930 person-years], a total of 3,123 participants

developed PD, resulting in an incidence rate of 3,123 per

6,171,930 person-years (51/100,000 person-years). Among them,

1,861 cases were from the worrier group (incidence rate, 53/100,000

person-years), and 1,262 cases occurred in the non-worrier

group (incidence rate, 46/100,000 person-years). Individuals who

reported being worriers exhibited a higher likelihood of being

female, having hypertension, or having sought psychiatrist help

for nerves, anxiety, tension, or depression. Additionally, these

individuals were noted to have a lower likelihood of attaining a

university or college degree. These differences are delineated in

Table 1.

Compared to the entire study population, individuals with PD

were noted to be older [median age 64.0 years, IQR (60.00, 67.00)],

more often male, and exhibited a history of smoking and drinking.

Additionally, they were less educated, had a higher genetic risk

for PD and BMI, and were more prone to comorbidities such as

diabetes, stroke, hypertension, and heart attack. Notably, they were

TABLE 1 Baseline characteristics of study participants by worrier.

Not worrier Worrier P

N 199,917 257,263

Age [median (IQR)] 58.00 [50.00, 63.00] 58.00 [50.00, 63.00] <0.001

Sex (%) <0.001

Female 90,010 (45.0) 158,332 (61.5)

Male 109,907 (55.0) 98,931 (38.5)

College education

(%)

68,872 (34.5) 81,688 (31.8) <0.001

Smoking (%) <0.001

Never 108,431(54.2) 141,848 (55.1)

Previous 70,014 (35.0) 89,370 (34.7)

Current 21,472 (10.7) 26,045 (10.1)

Alcohol (%) <0.001

Never 8,035 (4.0) 10,984 (4.3)

Previous 6,379 (3.2) 9,584 (3.7)

Current 185,503 (92.8) 236,695 (92.0)

BMI [median

(IQR)]

27.03 [24.49, 30.12] 26.44 [23.84, 29.60] <0.001

TDI [median

(IQR)]

−2.21 [−3.68, 0.38] −2.18 [−3.67, 0.46] <0.001

Physical activity

[median (IQR)]

6.00 [4.00, 7.00] 6.00 [4.00, 7.00] <0.001

PD-PRS [mean

(SD)]

−0.14 (1.02) −0.14 (1.02) 0.237

Have seen a

psychiatrist (%)

12,562 (6.3) 39,562 (15.4) <0.001

Diabetes (%) 11,053 (5.5) 12,189 (4.7) <0.001

Stroke (%) 2,835 (1.4) 3,788 (1.5) 0.13

Hypertension (%) 5,0216 (25.1) 72,256 (28.1) <0.001

Heart attack (%) 4,716 (2.4) 5,577 (2.2) <0.001

BMI, body mass index; TDI, Townsend deprivation index; PD-PRS, Parkinson disease

polygenic risk scores; IQR, interquartile range; SD, standard deviation.

more likely to consult a psychiatrist for mental health issues (see

Supplementary Table S2).

Association between worry and PD risk

A Kaplan-Meier cumulative risk curve revealed a greater risk

of developing PD in the group that reported worrying than in

the group that did not. Subsequently, the statistically significant

differences between the two groups were assessed using log-rank

tests (P < 0.001). It was observed that the differences in cumulative

risk between the two groups became more pronounced as the

follow-up time increased (see Figure 2).

The main results of the four Cox proportional hazards

regression models created to assess the association between worry

and the risk of PD are presented in Supplementary Table S3. Each

model incorporated sex and age as covariates. In model 1, worry
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was linked to a heightened risk of PD (HR 1.32, 95% CI 1.23–

1.42). In model 2, we further adjusted for lifestyle (HR 1.32, 95%

CI 1.23–1.42). In model 3, additional adjustments were made for

comorbidities such as diabetes, stroke, hypertension, heart attack

(HR 1.33, 95% CI 1.23–1.43). Notably, the outcomes implied

that these confounding factors did not weaken the associations

between worry and PD risk. These associations were attenuated but

remained significant when adjusting for the covariates of having

sought help from a psychiatrist for depression or anxiety and PD

PRSs in the fully adjusted model 4 (HR 1.27, 95% CI 1.18–1.37).

Figure 3 shows the forest plot of all model results.

Subgroups and sensitivity analyses

Notably in Figure 4, the subgroups and sensitivity analyses all

supported the main findings mentioned above. However, there are

some noteworthy observations. Firstly, in the analysis of subgroups

by age, a more pronounced association between worry and PD was

FIGURE 2

Cumulative incidence of PD among groups with and without worry.

observed in the younger subgroup (HR 1.30, 95% CI 1.12–1.50)

compared to the subgroup aged over 60 years (HR 1.12, 95% CI

1.03–1.21). Secondly, in analyses stratified by sex, worry was noted

to be related to a heightened risk of PD in women (HR 1.36, 95%

CI 1.20–1.54); however, this association was attenuated in men

(HR 1.25, 95% CI 1.14–1.37). We performed multiple comparisons

correction to the subgroup analyses using false discovery rate

(FDR) correction (Benjamini and Hochberg), and key findings

remained robust (see Supplementary Table S5). Lastly, compared

with the crude regression analyses, worry remained a significant

risk predictor for incident PD following the exclusion of cases

diagnosed during the initial 5 or 7 years of follow-up in the

multivariate regression analysis (HR 1.28, 95% CI 1.18–1.38, HR

1.23, 95% CI 1.13–1.34).

Discussion

This population-based cohort study, with an average follow-

up period of 13.5 years, primarily explored the impact of worry

on the likelihood of developing PD. It attempted to elucidate

the relationship between these two elements. The acquired data

depicted a significant impact of worry on PD, revealing that

individuals who experience worry are at a greater risk of developing

PD. Additionally, adjusted models indicated that confounding

factors exhibited minimal influence on this association. Subgroup

and sensitivity analyses also consistently demonstrated that worry

is linked to an elevated risk of PD, further supporting our findings.

Notably, the subgroup analyses indicated that individuals under 60

years of age or with a follow-up time of 5 years or less displayed

a stronger association with PD risk compared to those over 60

years. Furthermore, a surprising discovery emerged from this large-

scale study: the incidence of worry within the population was

unexpectedly high, exceeding half of the total population. This

finding underscores the significant influence of worry on PD risk

and the need for further investigation into this relationship.

The majority of prior research has primarily dealt with the

various non-motor symptoms of PD. Psychiatric issues, such as

depression, anxiety, and sleep disturbances, are frequently observed

during the course of PD (Global Parkinson’s Disease Survey

FIGURE 3

The cox proportional risk models estimating the hazard ratio of PD. Association of worry with incident PD in models with di�erent sets of covariates

and the fully adjusted model. Model 1 incorporated sex and age. Model 2 included the factors from Model 1, as well as college education, TDI scores,

BMI, smoking, alcohol consumption, and physical activity. Model 3 added diabetes, stroke, hypertension, and heart attack to the factors in Model 2.

Model 4 further included PD PRSs and history of psychiatric services, representing the fully adjusted model. Markers indicate hazard ratios (HRs), with

horizontal lines representing 95% CIs. The vertical line indicates a reference value of 1.
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FIGURE 4

Association of worry and the risk of PD with di�erent subgroups stratified by potential risk factors. The multivariable model was adjusted for age, sex,

smoking, alcohol, physical activity, body mass index, education, TDI, PD-PRS, diabetes, stroke, hypertension, heart attack and ever seen a psychiatrist.

The vertical line indicates a reference value of 1.

(GPDS) Steering Committee, 2002; Forsaa et al., 2008). However,

recent investigations have implied that psychiatric problems may

precede the incidence of PD, potentially elevating its risk. A

retrospective study examining the link between depression and PD

risk reported that subjects with depression exhibited a heightened

risk of developing PD (Shen et al., 2013), a result that is congruent

with the outcomes of a prior meta-analysis (Wang et al., 2018).

Another study, which evaluated the clinical predictive significance

of affective disorders in the development of PD among women

aged 65 years and older, revealed a doubled risk of PD among this

population (Beydoun et al., 2022). Consistent with prior research,

our study suggests that individuals who frequently worry are at a

high risk of developing PD, even if they do not fulfill the clinical

criteria for psychiatric disorders.

The potential link between worry and PD appears to be

multifaceted. On one hand, worry may serve as a risk factor

for PD, possibly mediated by depression and anxiety. Worry is

not limited to Generalized Anxiety Disorder but is also present

in other emotional disorders, such as anxiety, depression, and

obsessive-compulsive disorder, which suggests a coexistence of

these conditions and shared risk factors for PD (Chelminski and

Zimmerman, 2003). Worry is often considered a manifestation of

the personality trait neuroticism. High neuroticism may adversely

affect brain health and raise the likelihood of neurodegenerative

diseases (Terracciano et al., 2021). On a more mechanistic level,

monoamine neurotransmission and chronic inflammation are

hypothesized to serve as bridges connecting depression and PD

(Remy et al., 2005). On the other hand, another crucial mechanism

involves worry potentially activating chronic inflammation in the

body as a chronic stressor, thereby elevating the risk of developing

PD. Recently, an increasing body of research has supported the

involvement of immune dysregulation and inflammation in the

pathogenesis of PD (Lauritsen and Romero-Ramos, 2023; Cossu

et al., 2023; Fu et al., 2023). There is even a hypothesis suggesting

that the aging immune system, in conjunction with complex gene-

environment interactions, contributes to the development and

progression of PD (Tansey et al., 2022). Given that chronic stressors

are linked to the dysregulation of the hypothalamic-pituitary-

adrenal axis and higher levels of systemic inflammatory markers

such as CRP (Marsland et al., 2017), it is plausible that worry may

Frontiers in Psychology 06 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1440199
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Li et al. 10.3389/fpsyg.2025.1440199

activate the immune system, leading to chronic inflammation in

the body, which could subsequently contribute to the occurrence

of PD.

Another possible interpretation is that worry, as a psychological

condition, may manifest in the preclinical stages of PD. Studies

have found that individuals with PD often experience psychological

symptoms such as depression, anxiety, and tension during the

prodromal phase. These symptoms are observed 3 to 6 years

before the onset of the disease (Tolosa et al., 2007). However, it

should be noted that worry is a common human experience, and

its association with PD remains significant even after accounting

for psychological symptoms. And we used the longitudinal data,

where worry was assessed before the onset of PD, provides stronger

evidence for a temporal sequence leading from worry to PD.

Furthermore, even when excluding cases diagnosed within the

initial 5 years or seven years of follow-up, the association between

worry and the incidence of PD remains significant. Therefore, it

is unlikely that the link between worry and PD is merely due to

coincidental or overlapping preclinical symptoms. We suggest that

future studies explore the temporal relationship between worry

and PD more comprehensively to better understand the potential

causal pathway.

Our findings suggest that individuals below the age of 60

who experience worry have a stronger association with the risk

of PD compared to those older than 60, which aligns with

previous research (Yoon et al., 2024). There are several possible

interpretations of these findings. Firstly, younger individuals are

more likely to experience higher levels of stress and worry, which

could potentially lead to increased neuroinflammatory processes

and oxidative stress, both known contributors to PD pathogenesis.

Additionally, worry may interact with certain environmental

factors or an individual’s lifestyle and habits, potentially increasing

the risk of early-onset PD. For example, an unhealthy diet has

been associated with PD risk (Tresserra-Rimbau et al., 2023).

Furthermore, worriers may be more prone to seeking medical

attention and receiving an earlier diagnosis of PD. Finally, as

individuals age, other risk factors such as genetic factors, long-

term exposure to certain environmental factors, or increased

comorbidities may exert a more significant role in the onset of PD.

This could diminish the predictive effect of worry on PD risk.

In the subgroup analysis, another interesting finding was that

the association between worry and PD was more pronounced

among females. A previous study reported that womenwith anxiety

have shown double the increased PD risk (Beydoun et al., 2022).

However, there is little elaboration on the mechanisms related to

this aspect. Women may be more susceptible to the effects of

stress and emotional factors on their health. Gender differences in

hormonal profiles, particularly fluctuations in estrogen levels, could

play a role in modulating the relationship between worry and PD

risk. Additional research is warranted to replicate these findings in

other cohorts and delve into the underlying mechanisms governing

this relationship.

Our research has several strengths. Firstly, while prior

studies have focused on the influence of mental illnesses on

neurodegenerative diseases, there has been little emphasis on

specifically exploring the impact of worry on PD. Secondly, this

study used data from the large population-based UKB cohort,

which provided a significant advantage in terms of a large sample

size, long follow-up period, and detailed information on potential

confounders. Additionally, we unexpectedly found that worry was

associated with a higher risk of early-onset PD, despite the fact

that the prevalence of early-onset PD is low compared to late-onset

PD. Furthermore, the relationship between worry and PD appears

to be particularly robust among females, indicating a potential

gender-specific susceptibility to the effects of worry on PD risk.

Nevertheless, several limitations should be acknowledged in

this study. Firstly, although prior research has demonstrated

the generalizability of exposure-outcome associations within the

UKB (Batty et al., 2020), our study did not establish causal

inferences. It is known that PD presents non-motor symptoms

many years before motor symptoms manifest. Those worriers may

already have non-motor symptoms of PD including depression or

anxiety while scoring “worrier.” Although the results continued

to show a correlation between worry and PD by additional and

sensitivity analyses. The possibility of reverse causality cannot be

dismissed. Future research can focus on incorporating biomarkers

of PD pathology, such as cerebrospinal fluid markers or imaging

biomarkers, which could help identify individuals at risk of

developing PD before motor symptoms emerge, allowing for a

more accurate assessment of the relationship between worry and

PD. Secondly, several covariates, as well as the years of initial

PD diagnoses, were based on self-reported data, which might

introduce response bias. Thirdly, our study focused solely on the

association between worry and PD, without exploring the impact of

the frequency, severity, or specific nature and content of worrying

thoughts on PD risk. Lastly, the study only employed a self-

reporting approach to gather information on worry in individuals.

Although using a single question allows for consistency in data

collection and high response rates across a large cohort study, it

is important to note that, the single-item measure may introduce

greater error variance andmay not capture the complexity of worry.

Future research can use more standardized and specialized

psychological assessment instruments to investigate this

relationship accurately. These assessments could unveil the

underlying mechanisms that link psychological states to

neurodegenerative processes, offering insights into potential

intervention points (Zarotti et al., 2021). Mild cognitive

impairment is one of the common non-motor symptoms in

PD patients (Yu and Wu, 2022). Studies could explore whether

interventions that target worry could mitigate cognitive decline

and, by extension, the risk of developing PD.

Conclusion

In conclusion, our findings revealed that individuals who

are prone to worrying were at a higher risk of developing PD,

even after adjusting for genetic predispositions and established

social, behavioral, and clinical risk factors. Notably, this association

appeared to be stronger among younger individuals. Given the

high prevalence of worry in the general population, it is crucial

to prioritize mental health in today’s stressful environment. Doing

so could profoundly impact both the prevention and management

of PD.

Frontiers in Psychology 07 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1440199
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Li et al. 10.3389/fpsyg.2025.1440199

Data availability statement

The data analyzed in this study is subject to the following

licenses/restrictions: the data are obtainable from UK Biobank

and have been utilized under the terms of a license agreement.

Requests to access these datasets should be directed to https://www.

ukbiobank.ac.uk/.

Ethics statement

The UK Biobank study received approval from the Northwest

Multicenter Research Ethics Committee, and all participants

consented to their inclusion. The procedures employed in this

study adhere strictly to the ethical principles outlined in the

Declaration of Helsinki.

Author contributions

RL: Formal analysis, Methodology, Software, Writing –

original draft, Writing – review & editing. YL: Formal analysis,

Methodology, Software, Validation, Writing – review & editing.

AP: Data curation, Formal analysis, Software, Writing – review &

editing. RC: Data curation, Formal analysis, Software, Writing –

review & editing. JL: Conceptualization, Supervision, Validation,

Writing – review & editing. WB: Conceptualization, Funding

acquisition, Investigation, Supervision, Validation, Writing –

review & editing.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. This work was

supported by the Guangdong Basic and Applied Basic Research

Foundation (Nos. 2022A1515010842 and 2024A1515012884),

Basic Research of Shenzhen Science and Technology Project, China

(JCYJ20220818102206014), and Science and Technology Projects

in Guangzhou (No. SL2023A03J0581).

Acknowledgments

We express our sincere gratitude to all the participants,

the esteemed members of the research and investigation team,

and also the diligent members of the project development and

management team. This study utilized the UK Biobank Resource

under application number 104830.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2025.

1440199/full#supplementary-material

References

Armstrong, M. J., and Okun, M. S. (2020). Diagnosis and treatment of Parkinson
disease: a review. JAMA 323, 548–560. doi: 10.1001/jama.2019.22360

Ascherio, A., and Schwarzschild, M. A. (2016). The epidemiology of
Parkinson’s disease: risk factors and prevention. Lancet Neurol. 15, 1257–1272.
doi: 10.1016/S1474-4422(16)30230-7

Batty, G. D., Gale, C. R., Kivimäki,M., Deary, I. J., and Bell, S. (2020). Comparison of
risk factor associations in UK Biobank against representative, general population based
studies with conventional response rates: prospective cohort study and individual
participant meta-analysis. BMJ 368:m131. doi: 10.1136/bmj.m131

Beydoun, H. A., Chen, J. C., Saquib, N., Naughton, M. J., Beydoun, M. A., Shadyab,
A. H., et al. (2022). Sleep and affective disorders in relation to Parkinson’s disease
risk among older women from the Women’s Health Initiative. J. Affect Disord. 312,
177–187. doi: 10.1016/j.jad.2022.06.031

Borkovec, T. D., Robinson, E., Pruzinsky, T., and DePree, J. A. (1983). Preliminary
exploration of worry: some characteristics and processes. Behav. Res. Ther. 21, 9–16.
doi: 10.1016/0005-7967(83)90121-3

Chelminski, I., and Zimmerman, M. (2003). Pathological worry in depressed and
anxious patients. J. Anxiety Disord. 17, 533–546. doi: 10.1016/S0887-6185(02)00246-3

Cossu, D., Hatano, T., and Hattori, N. (2023). The role of immune dysfunction in
Parkinson’s disease development. Int. J. Mol. Sci. 24:16766. doi: 10.3390/ijms242316766

Dehestani, M., Liu, H., and Gasser, T. (2021). Polygenic risk scores contribute to
personalized medicine of Parkinson’s disease. JPM 11:1030. doi: 10.3390/jpm11101030

Dorsey, E. R., Sherer, T., Okun, M. S., and Bloem, B. R. (2018). The
emerging evidence of the Parkinson pandemic. J. Parkinsons Dis. 8, S3–S8.
doi: 10.3233/J.P.D.-181474

Faustino, P. R., Duarte, G. S., Chendo, I., Castro Caldas, A., Reimão, S.,
Fernandes, R. M., et al. (2020). Risk of developing Parkinson disease in bipolar
disorder: a systematic review and meta-analysis. JAMA Neurol. 77, 192–198.
doi: 10.1001/jamaneurol.2019.3446

Feigin, V. L., Nichols, E., Alam, T., Bannick, M. S., Beghi, E., Blake, N., et al.
(2019). Global, regional, and national burden of neurological disorders, 1990–2016:
a systematic analysis for the global burden of disease study 2016. Lancet Neurol. 18,
459–480. doi: 10.1016/S1474-4422(18)30499-X

Forsaa, E. B., Larsen, J. P., Wentzel-Larsen, T., Herlofson, K., and
Alves, G. (2008). Predictors and course of health-related quality of life
in Parkinson’s disease. Mov. Disord. 23, 1420–1427. doi: 10.1002/mds.
22121

Fresco, D.M., Heimberg, R. G., Mennin, D. S., and Turk, C. L. (2002). Confirmatory
factor analysis of the penn state worry questionnaire. Behav. Res. Ther. 40, 313–323.
doi: 10.1016/S0005-7967(00)00113-3

Frontiers in Psychology 08 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1440199
https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1440199/full#supplementary-material
https://doi.org/10.1001/jama.2019.22360
https://doi.org/10.1016/S1474-4422(16)30230-7
https://doi.org/10.1136/bmj.m131
https://doi.org/10.1016/j.jad.2022.06.031
https://doi.org/10.1016/0005-7967(83)90121-3
https://doi.org/10.1016/S0887-6185(02)00246-3
https://doi.org/10.3390/ijms242316766
https://doi.org/10.3390/jpm11101030
https://doi.org/10.3233/J.P.D.-181474
https://doi.org/10.1001/jamaneurol.2019.3446
https://doi.org/10.1016/S1474-4422(18)30499-X
https://doi.org/10.1002/mds.22121
https://doi.org/10.1016/S0005-7967(00)00113-3
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Li et al. 10.3389/fpsyg.2025.1440199

Fu, J., Chen, S., Liu, J., Yang, J., Ou, R., Zhang, L., et al. (2023). Serum inflammatory
cytokines levels and the correlation analyses in Parkinson’s disease. Front. Cell Dev.
Biol. 11:1104393. doi: 10.3389/fcell.2023.1104393

Global Parkinson’s Disease Survey (GPDS) Steering Committee (2002). Factors
impacting on quality of life in Parkinson’s disease: results from an international survey.
Mov. Disord. 17, 60–67. doi: 10.1002/mds.10010

Gustavson, D. E., du Pont, A., Whisman, M. A., andMiyake, A. (2018). Evidence for
transdiagnostic repetitive negative thinking and its association with rumination, worry,
and depression and anxiety symptoms: a commonality analysis. Collabra Psychol. 4:13.
doi: 10.1525/collabra.128

Huang, M. H., Cheng, C. M., Huang, K. L., Hsu, J. W., Bai, Y. M., Su, T. P., et al.
(2019). Bipolar disorder and risk of Parkinson disease: a nationwide longitudinal study.
Neurology 92, e2735–e2742. doi: 10.1212/WNL.0000000000007649

Ishihara-Paul, L., Wainwright, N. W. J., Khaw, K. T., Luben, R. N., Welch,
A. A., Day, N. E., et al. (2008). Prospective association between emotional
health and clinical evidence of Parkinson’s disease. Eur. J. Neurol. 15, 1148–1154.
doi: 10.1111/j.1468-1331.2008.02299.x

Kuusimäki, T., Al-Abdulrasul, H., Kurki, S., Hietala, J., Hartikainen, S., Koponen,
M., et al. (2021). Increased risk of Parkinson’s disease in patients with schizophrenia
spectrum disorders.Mov. Disord. 36, 1353–1361. doi: 10.1002/mds.28484

Lauritsen, J., and Romero-Ramos, M. (2023). The systemic immune response in
Parkinson’s disease: focus on the peripheral immune component. Trends Neurosci. 46,
863–878. doi: 10.1016/j.tins.2023.07.005

Marsland, A. L., Walsh, C., Lockwood, K., and John-Henderson, N. A. (2017).
The effects of acute psychological stress on circulating and stimulated inflammatory
markers: a systematic review and meta-analysis. Brain Behav. Immun. 64, 208–219.
doi: 10.1016/j.bbi.2017.01.011

Mathews, A. (1990). Why worry? The cognitive function of anxiety. Behav. Res.
Ther. 28, 455–468. doi: 10.1016/0005-7967(90)90132-3

McEvoy, P. M., Watson, H., Watkins, E. R., and Nathan, P. (2013). The
relationship between worry, rumination, and comorbidity: evidence for repetitive
negative thinking as a transdiagnostic construct. J. Affect Disord. 151, 313–320.
doi: 10.1016/j.jad.2013.06.014

Newman, M. G., Llera, S. J., Erickson, T. M., Przeworski, A., and Castonguay, L. G.
(2013). Worry and generalized anxiety disorder: a review and theoretical synthesis of
evidence on nature, etiology, mechanisms, and treatment. Annu. Rev. Clin. Psychol. 9,
275–297. doi: 10.1146/annurev-clinpsy-050212-185544

Nilsson, F. M., Kessing, L. V., and Bolwig, T. G. (2001). Increased risk of developing
Parkinson’s disease for patients with major affective disorder: a register study. Acta
Psychiatr. Scand. 104, 380–386. doi: 10.1111/j.1600-0447.2001.00372.x

Noyce, A. J., Bestwick, J. P., Silveira-Moriyama, L., Hawkes, C. H., Giovannoni, G.,
Lees, A. J., et al. (2012). Meta-analysis of early nonmotor features and risk factors for
Parkinson disease. Ann. Neurol. 72, 893–901. doi: 10.1002/ana.23687

Remy, P., Doder, M., Lees, A., Turjanski, N., and Brooks, D. (2005). Depression
in Parkinson’s disease: loss of dopamine and noradrenaline innervation in the limbic
system. Brain 128, 1314–1322. doi: 10.1093/brain/awh445

Schuurman, A. G., van den Akker, M., Ensinck, K. T. J. L., Metsemakers, J. F.
M., Knottnerus, J. A., Leentjens, A. F. G., et al. (2002). Increased risk of Parkinson’s
disease after depression: a retrospective cohort study. Neurology 58, 1501–1504.
doi: 10.1212/WNL.58.10.1501

Segerstrom, S. C., Tsao, J. C. I., Alden, L. E., and Craske, M. G. (2000).Worry and
rumination: repetitive thought as a concomitant and predictor of negative mood. Cogn.
Ther. Res. 24, 671–688. doi: 10.1023/A:1005587311498

Shen, C. C., Tsai, S. J., Perng, C. L., Kuo, B. I. T., and Yang, A. C. (2013). Risk of
Parkinson disease after depression: a nationwide population-based study. Neurology
81, 1538–1544. doi: 10.1212/WNL.0b013e3182a956ad

Simonet, C., Bestwick, J., Jitlal, M., Waters, S., Ben-Joseph, A., Marshall, C.
R., et al. (2022). Assessment of risk factors and early presentations of Parkinson
disease in primary care in a diverse UK population. JAMA Neurol. 79:359.
doi: 10.1001/jamaneurol.2022.0003

Sudlow, C., Gallacher, J., Allen, N., Beral, V., Burton, P., Danesh, J., et al.
(2015). UK biobank: an open access resource for identifying the causes of a
wide range of complex diseases of middle and old age. PLoS Med. 12:e1001779.
doi: 10.1371/journal.pmed.1001779

Tansey, M. G., Wallings, R. L., Houser, M. C., Herrick, M. K., Keating, C. E., Joers,
V., et al. (2022). Inflammation and immune dysfunction in Parkinson disease.Nat. Rev.
Immunol. 22, 657–673. doi: 10.1038/s41577-022-00684-6

Terracciano, A., Aschwanden, D., Stephan, Y., Cerasa, A., Passamonti, L., Toschi,
N., et al. (2021). Neuroticism and risk of Parkinson’s disease: a meta-analysis. Mov.
Disord. 36, 1863–1870. doi: 10.1002/mds.28575

Terracciano, A., Luchetti, M., Karakose, S., Stephan, Y., and Sutin, A.
R. (2023). Loneliness and risk of Parkinson disease. JAMA Neurol. 80:1138.
doi: 10.1001/jamaneurol.2023.3382

Thompson, D. J., Wells, D., Selzam, S., Peneva, I., Moore, R., Sharp, K., et al. (2022).
UK biobank release and systematic evaluation of optimised polygenic risk scores for 53
diseases and quantitative traits. Available online at: http://medrxiv.org/lookup/doi/10.
1101/2022.06.16.22276246 (accessed online at: April 13, 2024).

Tolosa, E., Compta, Y., and Gaig, C. (2007). The premotor phase of Parkinson’s
disease. Parkinsonism Relat. Disord. 13, S2–S7. doi: 10.1016/j.parkreldis.2007.06.007

Tresserra-Rimbau, A., Thompson, A. S., Bondonno, N., Jennings, A., Kühn,
T., Cassidy, A., et al. (2023). Plant-based dietary patterns and Parkinson’s
disease: a prospective analysis of the UK biobank. Mov. Disord. 38, 1994–2004.
doi: 10.1002/mds.29580

Wang, S., Mao, S., Xiang, D., and Fang, C. (2018). Association between
depression and the subsequent risk of Parkinson’s disease: a meta-analysis. Prog.
Neuropsychopharmacol. Biol. Psychiatry 86, 186–192. doi: 10.1016/j.pnpbp.2018.05.025

Willis, A. W., Roberts, E., Beck, J. C., Fiske, B., Ross, W., Savica, R., et al.
(2022). Incidence of Parkinson disease in North America. NPJ Parkinsons Dis. 8:170.
doi: 10.1038/s41531-022-00410-y

Wooten, G., Currie, L., Bovbjerg, V., Lee, J., and Patrie, J. (2004). Are men at greater
risk for Parkinson’s disease than women? J. Neurol. Neurosurg. Psychiatry 75, 637–639.
doi: 10.1136/jnnp.2003.020982

Ye, J., Wen, Y., Sun, X., Chu, X., Li, P., Cheng, B., et al. (2021). Socioeconomic
deprivation index is associated with psychiatric disorders: an observational and
genome-wide gene-by-environment interaction analysis in the UK biobank cohort.
Biol. Psychiatry. 89, 888–895. doi: 10.1016/j.biopsych.2020.11.019

Yoon, S. Y., Lee, S. C., Suh, J. H., Yang, S. N., Han, K., Kim, Y. W.,
et al. (2024). Different risks of early-onset and late-onset Parkinson disease in
individuals with mental illness.NPJ Parkinson’s Dis. 10, 1–8. doi: 10.1038/s41531-023-0
0621-x

Yu, R. L., and Wu, R. M. (2022). Mild cognitive impairment in patients with
Parkinson’s disease: an updated mini-review and future outlook. Front. Aging Neurosci.
14:943438. doi: 10.3389/fnagi.2022.943438

Zarotti, N., Eccles, F. J. R., Foley, J. A., Paget, A., Gunn, S., Leroi, I., et al. (2021).
Psychological interventions for people with Parkinson’s disease in the early 2020s:
where do we stand? Psychol. Psychother. 94, 760–797. doi: 10.1111/papt.12321

Frontiers in Psychology 09 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1440199
https://doi.org/10.3389/fcell.2023.1104393
https://doi.org/10.1002/mds.10010
https://doi.org/10.1525/collabra.128
https://doi.org/10.1212/WNL.0000000000007649
https://doi.org/10.1111/j.1468-1331.2008.02299.x
https://doi.org/10.1002/mds.28484
https://doi.org/10.1016/j.tins.2023.07.005
https://doi.org/10.1016/j.bbi.2017.01.011
https://doi.org/10.1016/0005-7967(90)90132-3
https://doi.org/10.1016/j.jad.2013.06.014
https://doi.org/10.1146/annurev-clinpsy-050212-185544
https://doi.org/10.1111/j.1600-0447.2001.00372.x
https://doi.org/10.1002/ana.23687
https://doi.org/10.1093/brain/awh445
https://doi.org/10.1212/WNL.58.10.1501
https://doi.org/10.1023/A:1005587311498
https://doi.org/10.1212/WNL.0b013e3182a956ad
https://doi.org/10.1001/jamaneurol.2022.0003
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1038/s41577-022-00684-6
https://doi.org/10.1002/mds.28575
https://doi.org/10.1001/jamaneurol.2023.3382
http://medrxiv.org/lookup/doi/10.1101/2022.06.16.22276246
http://medrxiv.org/lookup/doi/10.1101/2022.06.16.22276246
https://doi.org/10.1016/j.parkreldis.2007.06.007
https://doi.org/10.1002/mds.29580
https://doi.org/10.1016/j.pnpbp.2018.05.025
https://doi.org/10.1038/s41531-022-00410-y
https://doi.org/10.1136/jnnp.2003.020982
https://doi.org/10.1016/j.biopsych.2020.11.019
https://doi.org/10.1038/s41531-023-00621-x
https://doi.org/10.3389/fnagi.2022.943438
https://doi.org/10.1111/papt.12321
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

	Association of worrier trait with the risk of Parkinson's disease: a longitudinal study based on 457,180 UK Biobank participants
	Introduction
	Methods
	Study population
	Evaluation of worry
	Outcome assessment
	Covariates
	Statistical analyses

	Results
	Basic attributes of the control and PD groups
	Association between worry and PD risk
	Subgroups and sensitivity analyses

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


