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The association between the
incident risk of Parkinson's
disease and depression in
middle-aged and older adults,
and the moderating role of
lifestyle: evidence from the
CHARLS

Wu-xiao Wei?, Lian Meng?, Zhen-fang Mao?, Zhen-hua Mo*,
Lu Yang?, Yan Qin* and Jin-yu Huang'?*

tGuangxi University of Science and Technology First Affiliated Hospital, Liuzhou, China, *Youjiang
Medical University for Nationalities, Baise, China

Background: Parkinson's disease (PD) and depression frequently coexist in
middle-aged and older populations, potentially influencing each other. This
study explores the relationship between depression and PD risk and investigates
the association between lifestyle score and PD risk.

Methods: Data from the China Health and Retirement Longitudinal Study
(CHARLS) for adults aged 45 and above were analyzed. A total of 30,347
participants were included, with 565 individuals developing PD during follow-
up. PD cases were self-reported physician diagnoses. Depression was assessed
using the CESD-10 scale (score > 10 indicating depression). Lifestyle factors
(smoking, drinking, social activity, sleep, and BMI) were scored as healthy (>4)
or unhealthy (<4). Cox proportional hazards models were used to analyze PD
risk, and cubic spline regression was employed to evaluate the dose—-response
relationship between depression, lifestyle, and PD risk.

Results: Depression (CESD-10 > 10) was significantly associated with an
increased risk of PD. In the fully adjusted model (Model 4), individuals with
depression had a 53% higher risk of developing PD compared to those without
depression (HR = 1.53, 95% CI: 1.28-1.83). Cubic spline regression revealed a
dose-response relationship: as CESD-10 scores increased, the risk of PD also
increased. Unhealthy lifestyle was significantly associated with a higher risk of
PD. The analysis showed that individuals with an unhealthy lifestyle had a 23.5%
higher risk of developing PD than those with a healthy lifestyle. Additionally, the
risk of PD varied with different lifestyle components. For example, no-smoking
had a 17.9% lower risk of developing PD compared to smoking, and individuals
with long sleep durations had a 36.2% lower risk of PD compared to those with
short sleep durations.

Conclusion: Depression is significantly associated with the risk of PD in
middle-aged and older populations. Our findings show a strong link between
an unhealthy lifestyle and PD risk. This highlights the importance of addressing
depression and avoiding unhealthy lifestyles in PD prevention.

01 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2025.1590931&domain=pdf&date_stamp=2025-06-18
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1590931/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1590931/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1590931/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1590931/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1590931/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1590931/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1590931/full
mailto:hju700702@163.com
https://doi.org/10.3389/fpsyg.2025.1590931
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2025.1590931

Wei et al.

KEYWORDS

10.3389/fpsyg.2025.1590931

Parkinson'’s disease, depression, lifestyle, risk factors, CHARLS, China

1 Introduction

Parkinsons disease (PD) is the second most common
neurodegenerative disease, with its prevalence expected to double
over the next 30 years (Tolosa et al.,, 2021). Studies have shown that
the incident of PD is closely related to age, with a higher incidence in
individuals over the age of 60, and a higher incidence in men
compared to women (Van Den Eeden et al.,, 2003; Kalia and Lang,
2015). According to epidemiological studies, the prevalence of PD in
North America and Europe ranges from 100 to 300 cases per 100,000
people (Pringsheim et al.,, 2014). Additionally, some studies suggest
that as the population in these regions ages, the incidence is rising in
Asian countries, such as China and India (Kalia and Lang, 2015),
presenting new challenges for public health systems and
healthcare resources.

PD is primarily characterized by motor symptoms, such as
tremors, rigidity, and bradykinesia (Kalia and Lang, 2015; Jankovic,
2008). In addition, PD also involves non-motor symptoms, including
depression, which are widespread and significantly affect the quality
of life of patients. These symptoms are often considered core features
of the disease and may appear even before motor symptoms emerge
(Poewe et al., 2017; De Lau and Breteler, 2006; Cong et al., 2022; Lian
et al, 2019). Depression is highly prevalent in PD patients, with an
estimated 40% of individuals experiencing clinically significant
depressive symptoms (Reijnders et al., 2008). Although depression has
been widely studied as a risk factor for PD (Wang et al., 2018; Jeong
etal, 2021), the role of lifestyle factors in moderating this relationship
remains insufficiently explored. This study uniquely examines how a
lifestyle score, encompassing factors such as smoking, drinking, sleep,
and social activities, may mitigate the association between depression
and PD risk. By incorporating lifestyle as a moderating factor, this
research provides a novel approach to understanding and potentially
preventing the onset of PD in middle-aged and older adults. While
previous studies have shown that lifestyle factors, such as smoking,
drinking, social activity, and sleep, influence the risk of PD (Jacobs
et al., 2020; Paul et al., 2019; Marinus et al., 2018; Ascherio and
Schwarzschild, 2016; Cusso et al., 2016), there are significant regional
and national differences in the research progress on the relationship
between PD and depression, as well as the strategies for lifestyle
interventions. These differences significantly increase the burden on
patients and their families (Alshimemeri et al., 2024), thus highlighting
the urgent need for further investigation into the relationship between
lifestyle and PD.

In developed countries, such as those in Europe and the U. S., the
relationship between PD and depression has been widely studied, and
various factors have been found to be closely related to the onset and
progression of both conditions. One study found that the risk of
developing PD was 2.2 times higher in individuals with depression
compared to those without (Wang et al., 2018). PD is also closely
related to gender, education level, disease duration, severity, genetic
factors, and non-motor symptoms. Research by Cong et al. revealed
significant effects of these factors on the occurrence of depression
(Cong et al, 2022). Lifestyle factors, such as smoking and sleep
duration, have an important impact on the risk of PD, and appropriate
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lifestyle interventions may help slow the progression of the disease
(Ascherio and Schwarzschild, 2016; Reichmann et al., 2022). In
contrast, in Asian countries, factors such as depression, culture, and
society have a more significant impact on the risk of PD. For example,
studies in Japan have shown that 38% of Parkinson’s patients exhibit
higher levels of depression, partly due to cultural influences on mental
health issues (Inoue et al., 2010). Jeong et al’s study found that the risk
of PD significantly increased in elderly Koreans as the severity of
depression increased, and appropriate management of depression
could reduce the risk of PD (Jeong et al., 2021). Cui et al. found that
the prevalence of depression in Chinese Parkinsons patients was
11.17%, with lifestyle factors such as smoking, drinking, social activity,
daily living activities, and sleep quality being associated with the
condition (Cui et al., 2017; Xu et al., 2025).

Our data comes from the China Health and Retirement
Longitudinal Study (CHARLS), a large-scale study of middle-aged and
elderly populations, providing a unique opportunity to explore the
interactions between depression, lifestyle factors, and PD. Currently,
there is insufficient research on the relationship between the incident
risk of PD and depression in middle-aged and elderly populations,
and the moderating role of lifestyle factors has not been adequately
analyzed. Therefore, further research is necessary to provide more
targeted and personalized intervention strategies for patients globally.

2 Methods
2.1 Study population

This study uses data from the CHARLS, a nationally representative
longitudinal cohort study that started in 2011. It covers 150 counties
and 450 villages across 28 provinces in China, with over 17,000
participants and 10,000 households. Follow-up surveys are conducted
every 2-3 years, collecting demographic, lifestyle, and health data
through face-to-face interviews. CHARLS has been approved by the
Biomedical Ethics Committee of Peking University, and participants
provided informed consent. Data is accessible via the official website."

This study retrospectively analyzed the data collected from
CHARLS in 2011, 2013, 2015, 2018, and 2020, focusing on participants
aged 45 and above. The aim was to explore the relationship between
the incident risk of PD in middle-aged and older adults and to analyze
the moderating role of a lifestyle in this relationship. To ensure data
quality and consistency, participants were excluded based on the
following criteria: (1) those already diagnosed with PD at baseline, (2)
participants with missing data on depression, (3) participants with
missing data on PD, (4) participants with incomplete covariate
information, (5) those with cognitive impairment at baseline, and (6)
participants under the age of 45. Ultimately, 30,347 eligible samples
were included for analysis. The specific sample selection process is
shown in Figure 1.

1 http://charls.pku.edu.cn/index.htm
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A total of 17705 participants were screened
for longitudinal analysis in 2011

y

A total of 13249 participants were remained
in 2011

4456 participants in 2011 were excluded due to:

1. Participants with Parkinson’s disease at baseline.
2. Participants with cognitive impairment at baseline.
3. Missing information on Parkinson’s disease.
4. Missing data on depression.
5. Missing data on covariates.

According to the same exclusion criteria:
A total of 12627 participants were added in 2013.

A total of 31484 participants were screened
for longitudinal analysis

y

A total of 30347 participants were screened
for longitudinal analysis

FIGURE 1

1.
2. A total of 5598 participants were added in 2015.
3. A total of 9 participants were added in 2018.

4. A total of Iparticipant was added in 2020.

1137 participants were excluded due to:
Under 45 years old

sesssbannan

Flowchart showing the selection of participants into the final analysis of this study.

2.2 PD definition

PD cases were determined through self-reported physician
diagnoses during follow-up. The participants were queried about
whether they had received a formal PD diagnosis; If so, the
corresponding participants were considered to have PD; if not, they
were considered not to have PD.

2.3 Depression definition

Participants’ depression was assessed using the 10-item short
version of the Center for Epidemiological Studies Depression Scale
(CESD-10), which has demonstrated high validity and good
psychometric properties among older adults in China (Andresen
etal, 1994; Zhou et al.,, 2021). The CESD-10 consists of 10 items, each
offering four response options: (1) “Rarely or none of the time”
(<1 day), scored as 0; (2) “Some or few times” (1-2 days), scored as 1;
(3) “Occasionally or a moderate amount of times” (3-4 days), scored
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as 2; and (4) “Most or all of the time” (5-7 days), scored as 3. The total
score can range from 0 to 30, with lower scores indicating a lower level
of depression. Individuals with a CESD-10 score of 10 or higher were
classified as having depression, while those with scores below 10 were
classified as not having depression.

2.4 Lifestyle score definition

The lifestyle score was constructed based on the following five
factors: smoking, drinking, social activity, sleep duration, and BMI
(Liu et al., 2024). Each factor was scored as “yes” (1 point) or “no” (0
points). Specifically: (1) Smoking: If the participant had never smoked,
they received 1 point for smoking status; otherwise, they received 0
points. (2) Drinking: If the participant had not consumed alcohol in
the past year, they received 1 point for alcohol status; otherwise, they
received 0 points. (3) Social Activity: If the participant had engaged in
any social activity in the past month, they received 1 point; otherwise,
they received 0 points. Social activities included interacting with
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friends, playing mahjong, chess, or cards, joining a community club,
engaging in sports, participating in social organizations, clubs,
community-related organizations, volunteering or charitable work,
and attending educational or training courses. (4) Sleep Duration: If
the participant slept more than 6 h per night, they received 1 point for
sleep duration; otherwise, they received 0 points. (5) BMI: This was
measured by standard methods, and participants with a BMI of
>18.5 kg/m” received 1 point; otherwise, they received 0 points. The
scores for these five factors were combined to create a composite
lifestyle score, ranging from 0 to 5. In this study, lifestyle was classified
as “healthy” (total score > 4) and “unhealthy” (total score < 4).

2.5 Other clinical characteristics

Sociodemographic variables included age, gender, education
level, marital status, residence, and personal income level.
Education level was classified as: primary school or below, middle
school, and high school or above. Marital status was classified as
married, divorced/widowed/separated, or single. Personal income
level was categorized as <10,000 RMB or >10,000 RMB. Lifestyle
variables included smoking, drinking, sleep duration, BMI, and
social activity. Sleep duration was classified as less than 6 h/day or
more than 6 h/day.

TABLE 1 Baseline characteristics of the study population.

10.3389/fpsyg.2025.1590931

2.6 Statistical methods

Descriptive statistical analysis was conducted to summarize sample
characteristics, and chi-square tests were used to assess differences
among categorical variables. The association between depression and
the risk of PD onset was analyzed using Cox proportional hazards
regression models, with sequential adjustments for sociodemographic,
lifestyle, and health-related variables. Additionally, sensitivity analyses
were performed to verify the robustness of the results, and a cubic spline
model was used to explore the nonlinear relationship between lifestyle
and the risk of PD onset. All statistical analyses were conducted using
Stata 16.0. A two-tailed significance level of p < 0.05 was set for all
statistical tests to determine statistical significance.

3 Results

3.1 Baseline characteristics of the study
population

This study included 30,347 eligible middle-aged and older
participants, comprising 565 PD patients and 29,782 non-PD
participants (Table 1). Significant differences were found between PD
patients and non-PD participants in sociodemographic variables such

Characteristic Overall Non-PD PD (n = 565)
(n = 30,347) (n = 29,782)

Age (%) 45-64 years 21,796 (71.82) 21,531 (72.30) 265 (46.90) 176.662 <0.001
>65 years 8,551 (28.18) 8,251 (27.70) 300 (53.10)

Gender (%) Female 15,856 (52.25) 15,586 (52.33) 270 (47.79) 4.593 0.032
Male 14,491 (47.75) 14,196 (47.67) 295 (52.21)

Education level (%) Primary school or below 20,235 (66.68) 19,823 (66.56) 412 (72.92) 11.820 0.003
Middle school 6,577 (21.67) 6,486 (21.78) 91 (16.11)
High school or above 3,535 (11.65) 3,473 (11.66) 62 (10.97)

Marital status (%) Others 3,901 (12.85) 3,811 (12.8) 90 (15.93) 4.858 0.028
Married 26,446 (87.15) 25,971 (87.2) 475 (84.07)

Residence (%) Rural 18,718 (61.68) 18,354 (61.63) 364 (64.42) 1.835 0.176
Urban 11,629 (38.32) 11,428 (38.37) 201 (35.58)

Personal income level (%) <10,000 RMB 24,085 (79.37) 23,606 (79.26) 479 (84.78) 10.302 0.001
>10,000 RMB 6,262 (20.63) 6,176 (20.74) 86 (15.22)

Smoking (%) No 12,606 (41.54) 12,344 (41.45) 262 (46.37) 5.536 0.019
Yes 17,741 (58.46) 17,438 (58.55) 303 (53.63)

Drinking (%) No 10,397 (34.26) 10,199 (34.25) 198 (35.04) 0.157 0.692
Yes 19,950 (34.26) 19,583 (65.75) 367 (64.96)

Sleep duration (%) Less than 6 h/day 8,238 (27.15) 8,030 (26.96) 208 (36.81) 27.210 <0.001
6 h or more/day 22,109 (72.85) 21,752 (73.04) 357 (63.19)

BMI (%) BMI < 18.5 kg/m? 1,725 (5.68) 1,685 (5.66) 40 (7.08) 2.091 0.148
BMI > 18.5 kg/m? 28,622 (94.32) 28,097 (94.34) 525(92.92)

Social activity (%) No 13,768 (45.37) 13,509 (45.36) 259 (45.84) 0.052 0.820
Yes 16,579 (54.63) 16,273 (54.64) 306 (54.16)

BMI, body mass index; PD, Parkinson’s disease; % for categorical variables; »* represents the chi-square test for comparison between the two groups (Non-PD and PD). p-values < 0.05 are

considered statistically significant.
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as age, gender, education level, and marital status (p < 0.05). For example,
the incidence of PD was higher in individuals aged 65 and older (53.1%),
compared to 46.9% in those aged 45-64 (p < 0.05). Gender analysis
revealed that the incidence in men was slightly higher than in women
(p =0.032). A lower education level was associated with an increased
risk of PD, with 72.9% of PD patients having an education level of
primary school or below (p = 0.003). Marital status was also related to
PD risk, with married individuals having a lower risk (p = 0.028).

3.2 Association between depression and
PD onset risk

The risk of PD incidence (HR) under different levels of depression
in four models (Table 2). The results from Model 1, which did not

TABLE 2 Risk of PD onset (HR) in individuals with and without depression.

Model Risk No- Depression
NEIIH depression

Model 1 HR 1 1.72
95%CI Reference 1.45-2.03

Model 2 HR 1 1.71
95%CI Reference 1.44-2.03

Model 3 HR 1 1.65
95%CI Reference 1.38-1.96

Model 4 HR 1 1.53
95%CI Reference 1.28-1.83

HR, Hazard Ratio; 95% CI, 95% Confidence Interval.
Model 1: Unadjusted model; Model 2: Adjusted for sociodemographic variables; Model 3:
Further adjusted for lifestyle variables; Model 4: Fully adjusted model.

10.3389/fpsyg.2025.1590931

include covariates, show that individuals with depressive symptoms have
a71.7% higher probability of developing PD compared to those without
depressive symptoms. In Model 4, after adjusting for sociodemographic
variables, lifestyle factors, and health-related variables, the probability of
PD incidence for individuals with depressive symptoms increased by
52.9% relative to those without depressive symptoms. Overall, the results
from Models 1 to 4 indicate a significant positive correlation between
depression and PD, suggesting that individuals with baseline depressive
symptoms have a higher risk of developing PD during follow-up.

We will categorize individuals into two groups based on their
lifestyle score (unhealthy lifestyle: total lifestyle score < 4, healthy
lifestyle: total lifestyle score > 4), and analyze the association between
depression and PD risk separately for each group. Specific results are
presented in Supplementary Table S1. The results clearly show that
from Model 1 to Model 4, depression is significantly associated with
a higher risk of PD in individuals with an unhealthy lifestyle.

We present the HR for the association between depression and
various lifestyle factors with the risk of PD (Supplementary Table S2).
For smoking and alcohol consumption, individuals with depression
exhibited a significantly higher risk of PD compared to those without
depression. Additionally, individuals who did not participate in social
activities, had shorter sleep duration (<6 h), or had a body mass index
(BMI) < 18.5 kg/m” all demonstrated a higher risk of developing PD.

3.3 Dose—response relationship between
depression and the incident risk of PD

As shown in Figure 2, it is clear that when the CESD-10 score is
10, the HR is 0.79, (95% CI: 0.70-0.89). There is a significant positive
correlation between PD and depression in middle-aged and older
adults, with the risk of onset increasing as the CESD-10 score rises.

HR(93%CI)

FIGURE 2

Cubic spline plot of the association between depression severity and PD onset risk.

¥ ) T ] T T
15 17 19 21 23 25 27 29
CESD-10
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3.4 Relationship between lifestyle and PD
risk

The risk of PD incidence (HR) under different classifications in the
baseline model (without control variables) (Table 3). The results from
the smoking status classification show that no-smoking have a 17.9%
lower probability of developing PD compared to smoking. The results
from the alcohol consumption classification indicate that non-drinkers
have a 3.4% lower probability of developing PD compared to drinkers.
The results from the sleep duration classification show that individuals
with long sleep duration have a 36.2% lower probability of developing
PD compared to those with short sleep duration. The results from the
body mass index (BMI) classification indicate that individuals with a
normal BMI have a 21.0% lower probability of developing PD compared
to those with an abnormal BMI. The results from the social activity
participation classification show that individuals who participate in
social activities have a 1.9% lower probability of developing PD
compared to those who do not. The results from the lifestyle classification
indicate that individuals with a healthy lifestyle have a 23.5% lower
probability of developing PD compared to those with an unhealthy
lifestyle. Therefore, adopting a healthy lifestyle can significantly reduce
the risk of PD in individuals with depression, particularly among those

TABLE 3 Risk of PD onset (HR) by different categories.

10.3389/fpsyg.2025.1590931

who do not smoke, drink little, maintain a normal BMI, and actively
participate in social activities, where the effect is most pronounced.

3.5 Sensitivity analysis

This study excluded participants with cognitive impairment at
baseline to further verify the robustness of the previous conclusions.
Table 4 reports the risk of PD onset in participants with and without
depression, after excluding those with cognitive impairment. The results
from Model 1 to Model 4 show that the risk of developing PD is higher
in participants with depression compared to those without depression,
indicating a significant positive correlation between depression and PD.

3.6 Relationship between lifestyle and PD
risk
When the lifestyle score is 4 (HR = 0.76, 95% CI: 0.62-0.94), the

risk of PD (HR) shows a gradual decline as the lifestyle score increases
(Figure 3).

4 Discussion

Category Group HR 95%Cl Our study results indicate that depression is significantly
Age 4564 years ) Reference associated with an increased risk of developing PD. Specifically,
individuals with depression have a significantly higher risk of
>65 2.90 2.46-3.42 . . . . .
=0 years developing PD compared to those without depression. This finding
Gender Female 1 Reference suggests that depression is an important risk factor for PD in middle-
Male 1.20 1.01-1.41 aged and older populations. We also found a dose-response
Education level Primary school or below 1 Reference relationship between the severity of depression and PD risk; the more
severe the depression, the higher the risk of developing
Middle school 0.68 0.54-0.85 . L L
PD. Additionally, we observed a significant association between
High school or above 0.86 0.66-1.12 maintaining an unhealthy lifestyle and an increased risk of PD.
Marital status Others 1 Reference The high comorbidity of depression in PD patients is associated
Married 078 0.62-0.97 with an increased risk of PD, highlighting the importance of addressing
Residence Rural . Reference dePresswte smptoms as Rart O.f PD r}sk re.ductlon. strateg1'es, w1th. age
being a significant factor in this relationship, consistent with previous
Urban 0.89 0.75-1.06 studies (Cong et al., 2022; Jacobs et al., 2020; Pontone and Mills, 2021).
Personal income <10,000 RMB 1 Reference Depression is the most common psychiatric disorder in Parkinson’s
level >10,000 RMB 0.69 0.55-0.87 patients, with about 35% of PD patients experiencing depression.
Smoking No 1 Reference
Yes 0.82 0.70-0.97 TABLE 4 Results of sensitivity analysis.
Drinki N 1 Ref . :
rne ¢ elerence Model Risk No- Depression
Yes 0.97 0.81-1.15 NEITH depression
Sleep duration Less than 6 h/day 1 Reference Model 1 HR 1 1.75
6 h or more/day 0.64 0.54-0.76 95%CI Reference 1.47-2.07
BMI BMI < 18.5 kg/m* 1 Reference Model 2 HR 1 1.74
BMI > 18.5 kg/m? 0.79 0.57-1.09 95%Cl Reference 1.46-2.07
Social activity No 1 Reference Model 3 HR 1 1.68
Yes 0.98 0.83-1.16 95%CI Reference 1.40-2.00
Lifestyle Unhealthy 1 Reference Model 4 HR 1 1.56
Healthy 0.77 0.65-0.90 95%CI Reference 1.30-1.87

BMI, body mass index; HR, Hazard Ratio; 95% CI, 95% Confidence Interval.
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Depression often appears early in the course of PD and increases with
disease progression and age (Broen et al., 2016). In the later stages of the
disease, depressive symptoms severely affect the quality of life of patients
(Xiao etal,, 2024; Weintraub et al,, 2022). However, these symptoms are
often overlooked, and there is currently a lack of rapid, objective
diagnostic biomarkers, making clinical diagnosis challenging (Sun et al.,
2024). From a neurobiological perspective, this is directly related to the
loss of dopamine nerve terminals and dopamine transporter (DAT)
expression in the striatum, which is associated with depressive
symptoms in PD (Jacobs et al., 2020; Wang et al., 2025). Additionally,
studies based on electroencephalogram (EEG) and event-related
potentials (ERPs) have found significant changes in ERPs in Parkinson’s
patients with depression, providing new evidence for the neurobiological
mechanisms of depression (Sun et al., 2024). There exists a bidirectional
relationship between depression and PD, which can be explained
through neurobiological mechanisms such as neuroinflammation and
dopaminergic dysfunction (Armstrong and Olkun, 2020). Dopaminergic
denervation, particularly in regions such as the striatum, is closely
associated with depressive symptoms in PD patients (Thobois et al.,
2010). The complex interplay between PD and depression, involving
factors such as disease duration, stage, and comorbidities (Sheilkh
Hassan et al., 2024), underscores the necessity for timely treatment and
prevention. Depression is associated with a longer disease course in PD
and is influenced by factors such as gender and education level (Cong
et al,, 2022; Xu et al., 2025; Hou et al., 2021).

The risk of PD in middle-aged and older adults is related to multiple
lifestyle factors. For instance, studies have found that lifestyle factors such
as smoking and drinking may be associated with the risk of PD. Research
indicates an inverse relationship between smoking and PD, with smokers
having a lower risk of developing PD compared to non-smokers
(Marinus et al., 2018; Di Biase et al., 2024), which is consistent with our

10.3389/fpsyg.2025.1590931

findings. While smoking may reduce the risk of PD, the exact mechanism
is unclear, and its protective effect may be offset by other health risks. The
impact of drinking on PD remains complex. Although some studies
suggest a protective effect of moderate drinking, others have found no
significant association, and the findings in this study are consistent with
the latter (Jacobs et al., 2020; Domenighetti et al., 2022). Moderate
participation in social activities is associated with a lower risk of PD,
possibly by enhancing brain health and improving quality of life, thereby
contributing to the prevention and management of PD (Ascherio and
Schwarzschild, 2016). However, this study did not find a significant
association, which may be due to factors such as cultural differences,
variations in the types of social activities, or limitations in the methods
used to assess them. Sleep disturbances affect about two-thirds of PD
patients, and these issues may appear years before motor symptoms
develop (Lees et al., 2009). This suggests that sleep disorders could serve
as an early warning signal for the future development of PD. The BMI of
PD patients is typically lower than the average, and BMI is negatively
correlated with the disease duration and severity (Chaudhuri et al,
2006). However, these findings require further research to confirm these
associations and explore their underlying mechanisms.

This study has several limitations. Although CHARLS provides a
large and representative sample of the Chinese middle-aged and older
population, cultural and regional factors may limit the generalizability
of the results. The study relied on self-reported PD diagnoses, which
may introduce information bias. Despite controlling for various
covariates in the analysis, potential confounding factors cannot
be entirely excluded. For example, genetic factors play a crucial role in
the development of PD, but genetic data were not included in this
study. Future research could incorporate genetic information to
further explore the complex relationships between depression,
lifestyle, and PD risk. Additionally, while temporal precedence was
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FIGURE 3
Cubic spline plot of the association between lifestyle and PD onset risk.
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considered, the study remains observational, and therefore, there are
limitations in establishing causal inferences.

5 Conclusion

This study indicates a significant positive correlation between
depression and PD, and a strong association between an unhealthy
lifestyle and an increased risk of PD in individuals with depression.
These findings provide new perspectives for the prevention and
intervention of PD, highlighting the importance of mental health
management and lifestyle interventions.
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