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Stroke is a leading cause of death and disability worldwide, especially in the aging population.
Psychological vulnerability serves as a multidimensional mental health vulnerability state, but there

is a lack of large sample studies on its association with stroke. The aim of this study was to investigate
the relationship between psychological vulnerability, as quantified by the Psychological Frailty Index,
and stroke. This study was based on baseline data from the China Health and Retirement Longitudinal
Study (CHARLS), which included 15,284 participants = 45 years of age. PFl was used as a composite
measure of psychological vulnerability by quartiles. Stroke was analyzed using Cox logistic regression
models to analyze the relationship between PFI and stroke risk, and the dose-response relationship
was tested using restricted cubic spline (RCS). Subgroup analyses and interaction tests were performed
to assess differences in different populations. In the fully adjusted Cox model, each one-IQR increase in
PFl was associated with an 87% higher risk of incident stroke (HR=1.87, 95% Cl 1.54-2.27; P<0.001).
Compared with participants in the lowest PFI quartile (Q1), those in the highest quartile (Q4) exhibited
a more than three-fold increased stroke risk (HR=3.12, 95% Cl 1.99-4.91; P<0.001). Restricted cubic
spline analysis demonstrated a linear dose-response relationship between PFI and stroke risk (P for
nonlinearity > 0.05). In subgroup analyses, the association between PFl and stroke was significantly
modified by age and marital status (P for interaction <0.05). In this study, we found that psychological
vulnerability was significantly positively and linearly associated with stroke risk. Assessment of
psychological vulnerability may be an important component of a comprehensive stroke prevention and
control strategy, with particular attention to the elderly and those with social support deficits. Future
longitudinal studies should be conducted to clarify the causal relationship.
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Background

Stroke is one of the leading causes of death and disability globally, especially in aging populations!. According
to the Global Burden of Disease study, about 12.2 million incident strokes and 6.6 million stroke-related deaths
were reported worldwide in 20192 In China, the rising prevalence of stroke, with high recurrence and mortality
rates, poses a major challenge to the healthcare system*. The aging population and the increased prevalence of
cardiometabolic risk factors, such as hypertension, diabetes, and hyperlipidemia, continue to drive an upward
trend in the incidence of stroke>”. Recently emerging evidence suggests that psychosocial and psychological
factors may also play a crucial role in the development and prognosis of stroke®®. Psychological vulnerability
is often associated with a chronic low-grade systemic inflammatory state, and increased inflammatory factors
(e.g., IL-6, CRP) promote platelet adhesion and aggregation, exacerbating hemodynamic disturbances'®!.
Neuroimmune interactions can also damage neurovascular units and weaken brain tissue tolerance to ischemia-
reperfusion, thereby increasing stroke incidence and brain damage!?. Behaviorally, psychologically vulnerable
individuals are more likely to experience depression, anxiety, and social withdrawal, which are closely related to
unhealthy lifestyles (e.g., sedentary lifestyle, eating disorders, smoking, and drinking) and poor chronic disease
management (e.g., insufficient adherence to hypertension and diabetes mellitus)!>-'>.

Originally conceptualized as a geriatric syndrome characterized by decreased physiological reserves and
increased vulnerability to stressors, frailty has increasingly been recognized as a multidimensional disease!®1”.
Psychological vulnerability has emerged as an important but underdeveloped area!®. Unlike physical frailty,
mental frailty focuses on mental and emotional vulnerability, which may independently affect health
outcomes!®?’. The Psychological Fragility Index (PFI) was developed as a composite measure to capture the
psychological vulnerability of older adults, providing a new way to quantify psychological vulnerability?!. The
PFI comprises four equally-weighted subdimensions: (1) depressive symptoms, assessed via eight items from
the simplified CES-D scale (score range 0-15); (2) subjective cognitive complaints, covering self-rated memory
and attention (total score 0-10); (3) coping ability, measured by a four-item coping questionnaire (total score
0-8); and (4) emotional instability, evaluated through a self-reported mood fluctuation scale (total score 0-6).
Each subscale score is first converted to a Z-score and then summed to yield the raw PFL. Previous studies
have preliminarily revealed significant correlations between PFI and a variety of health outcomes. For example,
a validation study based on the CHARLS data found that the risk of all-cause mortality nearly doubled with
each increase in the level of PFI per IQR, and the number of outpatient visits and hospitalization rates also
increased significantly, respectively??. Another cohort study noted that higher psychological vulnerability scores
were strongly associated with an increased risk of heart failure recurrence and postoperative complications?.
However, there is a lack of research on the relationship between psychological frailty and stroke, especially in
large population groups in low- and middle-income countries such as China.

The China Health and Retirement Longitudinal Study (CHARLS) provides nationally representative data
on the health and psychosocial status of Chinese adults aged 45 and older®*. Understanding the relationship
between PFI and stroke may help in the early identification of high-risk individuals. Therefore, we hypothesized
an association between PFI and stroke. The purpose of this study was to assess the association between PFI and
stroke using data from CHARLS to inform more comprehensive prevention strategies that incorporate mental
health into stroke risk assessment and management.

Materials and methods

Study design and population

This study utilized data from the China Health and Retirement Longitudinal Study (CHARLS), a nationally
representative longitudinal survey conducted biennially since 2011. CHARLS employs a multi-stage stratified
probability sampling method to ensure broad coverage across 150 counties or districts and 450 urban
communities or villages spanning 28 provinces in China®.

Our analysis participants were surveyed in Wave 4 (2018), which served as the baseline for psychological
vulnerability assessment. At this wave, a total of 17,617 individuals participated. We excluded participants
younger than 45 years or with missing age information (n=219), those lacking stroke outcome data in the 2018
survey (n=1,262), and those with incomplete PFI and covariates information (n=852). Consequently, 15,284
participants remained for final analysis. Incident stroke events were identified based on self-reports collected
during Wave 5 (2020) follow-up surveys, representing new cases occurring after the baseline PFI measurement.
This design established a clear temporal sequence with psychological vulnerability assessed prior to stroke onset,
supporting the cohort study framework.

Figure 1 illustrates the detailed inclusion and exclusion process. The overall follow-up period between
baseline assessment and outcome ascertainment was approximately two years. Loss to follow-up and missing
data were carefully addressed to minimize bias, ensuring the validity of the temporal relationship between PFI
and incident stroke.

Definition of PFI

The PFI consists of 26 items from the CHARLS data covering four sub-dimensions. Depressive symptoms (8
items, based on a simplified version of the CES-D, 4-point Likert scale ranging from 0 to 3), subjective cognitive
complaints (6 items, self-assessment of memory and attention, 5-point Likert scale ranging from 1 to 5), coping (6
items, Coping Styles Questionnaire, 5-point Likert scale ranging from 1 to 5) and emotional instability (6 items,
self-assessment of mood swings, 4-point Likert scale ranging from 1 to 5), and mood instability (6 items, self-
assessment of mood swings, level 4 Likert scale, scores 0-3)%. All reverse entries were reverse coded to ensure
that higher scores represented greater psychological vulnerability. First, the scores of the entries within each
subdimension were summed to obtain the raw subscale total scores. Subsequently, each of the four subscale total
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Fig. 1. Participant selection flowchart.

scores was Z-score normalized to eliminate scale differences across scales. Finally, the standardized scores of the
four subscales were summed by equal weights to generate the original PFI values. To facilitate the interpretation
of the regression model effects, we further standardized the value in terms of the interquartile range (IQR) of
the PFI, so that the model regression coefficients reflected the effect of each additional IQR unit of psychological
vulnerability on the risk of stroke?”. The construction of the PFI is based on established literature and previous
studies, and its multidimensional composite properties help to fully quantify psychological vulnerability?!.

Assessment of stroke

The outcome variable in this study was the participant’s first stroke event, with stroke onset defined as the first
reported stroke between the baseline survey (CHARLS wave 4, 2018) and the follow-up period (wave 5, 2020).
Stroke onset was captured by medically trained investigators based on a standardized questionnaire and relied
primarily on participants’ self-reported history of physician diagnosis®®. The data were verified and validated by
the study team to maximize the accuracy of the information. However, stroke diagnosis was not combined with
clinical history or imaging data, and there was some risk of information bias.
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Covariates

Covariates were identified via structured CHARLS questionnaires and onsite measurements. In addition to
socio-demographic factors (age, sex, place of residence, marital status, education), we included lifestyle variables
and key comorbidities. Smoking status was classified as never smoker (never smoked > 100 cigarettes in lifetime),
current smoker (smoked > 1 cigarette in the past month), or former smoker (smoked > 100 cigarettes lifetime but
abstinent> 1 year; those abstinent <1 year were classified as current). Alcohol consumption was categorized as
frequent (>1 time/month in the past year), occasional (<1 time/month but 21 time in the past year), or none
(no lifetime drinking), with one drinking episode defined as > 50 ml white spirit, > 500 ml beer, or > 150 ml wine.
Diabetes mellitus was defined by any of: self-reported physician diagnosis; current use of oral hypoglycemic
agents or insulin; fasting plasma glucose = 7.0 mmol/L; or HbAlc>6.5%. Hypertension was defined by any of:
self-reported diagnosis; current antihypertensive medication; or mean measured systolic blood pressure > 140
mmHg or diastolic>90 mmHg*. Dyslipidemia was determined by self-report, lipid-lowering medication
use, or laboratory criteria (total cholesterol>6.2 mmol/L, LDL-C>4.1 mmol/L, HDL-C<1.0 mmol/L, or
triglycerides >2.3 mmol/L)3!. Heart disease was ascertained by self-reported physician diagnosis or follow-up
interview confirmation32.

Statistical analyses

All variables were described according to the occurrence of stroke at baseline in this study. Continuous variables
were first tested for normality, and for variables that were approximately normally distributed, they were
expressed as mean * standard deviation (SD) and compared between groups using analysis of variance (ANOVA).
For non-normally distributed variables, medians and quartiles were described and compared using non-
parametric tests. Categorical variables were expressed as frequencies and percentages, and differences between
groups were analyzed using the chi-square test. PFI was treated as a continuous variable and standardized by its
interquartile range (IQR), and the lowest quartile group was used as the reference group when dividing based
on quartiles. Cox proportional risk regression modeling was used to assess the association between PFI and the
risk of stroke occurrence. Potential non-dose-response relationships between PFI and stroke risk were explored
using restricted cubic spline (RCS). The vertical axis of the RCS model reflects the predicted probability of
disease from the cox model. Heterogeneity of the association between PFI and stroke in different demographic
and clinical subgroups was assessed by subgroup analysis and interaction tests. Because multiple comparisons
increase the risk of type I error, we used the Bonferroni correction method in the subgroup analysis. A total of 22
comparisons were made, resulting in an adjusted significance threshold of &’ = 0.05/28 =0.00227. Correlations
were only considered statistically significant if the p-value was below this threshold. It should be noted that
Bonferroni correction is a conservative method that may increase the risk of type II error; therefore, the findings
should be interpreted with caution and further studies are needed to validate these subgroup effects. Statistical
analysis was performed using R4.4.2 (R Foundation, http://www.R-project.org). A two-sided P value of less than
0.05 was considered statistically significant.

Results

Baseline characteristics of participants by incident stroke status during follow-up

A total of 15,284 adults without stroke at baseline and 323 (2.11%) with first stroke during follow-up were included
in this study. Age and PFI were significantly higher in the stroke group than in the non-stroke group (P<0.001).
The proportion of unmarried persons was 18.27% in the stroke group, which was significantly higher than that
of 13.70% in the non-stroke group (P=0.020). The proportion of those with elementary school education or
less was 77.09%, which was higher than 65.76% in the non-stroke group (P <0.001), and the proportion of rural
residents was 70.28%, which was also significantly higher than 62.23% in the non-stroke group (P=0.010). In
terms of comorbidities, the prevalence of hypertension was 57.28% in the stroke group, which was significantly
higher than that of 32.64% in the non-stroke group (P<0.001). The prevalence of diabetes mellitus was 17.03%,
which was higher than that of 11.30% in the non-stroke group (P=0.010). The prevalence of dyslipidemia was
33.44%, higher than 19.43% in the non-stroke group (P<0.001). The prevalence of heart disease was 34.37%,
which was significantly higher than 17.18% in the non-stroke group (P<0.001). In addition, the proportion of
frequent drinkers in the stroke group was 19.81%, which was significantly lower than the 27.24% in the non-
stroke group (P=0.010). Gender distribution (P=0.420) and smoking status (P=0.160) were not significantly
different between the two groups (Table 1).

Continuous variables with approximately normal distribution are presented as mean+SD and compared
using analysis of variance (ANOVA). Non-normally distributed variables are presented as median [interquartile
range] and compared using non-parametric tests. Categorical variables are presented as number (percentage)
and compared using the chi-square test. Abbreviations: DM, diabetes mellitus.

Cox proportional hazards analysis of PFl and incident stroke risk

To assess the dynamic risk between PFI and first-ever stroke, we constructed an analytic model using the Cox
proportional risk regression model (Table 2). In the crude model, the risk of stroke increased 2.57-fold (95% CI:
2.18-3.04, P<0.001) for each IQR increase in the PFI continuous variable. In Model 1, the HR was 2.20 (95%
CI: 1.82-2.67, P<0.001). In Model 2, the HR was 1.87 (95% CI: 1.54-2.27, P<0.001). After grouping PFIs by
quartiles, there was a dose-dependent increase in the risk of stroke in Q2-Q4, using the Q1 group as a reference
(P for trend <0.001).

Nonlinear analysis of the association between PFl and stroke risk
The relationship between PFI and stroke risk was assessed using the RCS model (Fig. 2). We built RCS curves
based on 3 previously established models. All three RCS curves were statistically different (P for overall all
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Total Non-Stroke Stroke

Variables (n=15284) (n=14961) (n=323) P value
PFI 0.350 [0.214-0.471] | 0.343[0.207-0.471] | 0.457[0.336-0.600] | <0.001
Age (years) 61.57+£9.76 61.47+9.76 66.03 +8.88 <0.001
Gender (%) 0.420
Female 8169(53.45) 8004(53.50) 165(51.08)

Male 7115(46.55) 6957(46.50) 158(48.92)

Marital status (%) 0.020
Married 13,175(86.20) 12,911(86.30) 264(81.73)

Non-Married 2109(13.80) 2050(13.70) 59(18.27)

Education (%) <0.001
College and higher 286( 1.87) 284(1.90) 2(0.62)

Elementary school and below | 10,088(66.00) 9839(65.76) 249(77.09)

High school 4910(32.13) 4838(32.34) 72(22.29)

Location (%) <0.010
Rural 9537(62.40) 9310(62.23) 227(70.28)

Urban 5747(37.60) 5651(37.77) 96(29.72)

Smoke (%) 0.160
Current smoker 352(2.30) 343(2.29) 9(2.79)

Former smoker 5916(38.71) 5776(38.61) 140(43.34)

Never 9016(58.99) 8842(59.10) 174(53.87)

Drink (%) <0.010
Occasional 1146( 7.50) 1128( 7.54) 18(5.57)

Frequent 4139(27.08) 4075(27.24) 64(19.81)

None 9999(65.42) 9758(65.22) 241(74.61)

Hypertension (%) <0.001
No 10,216(66.84) 10,078(67.36) 138(42.72)

Yes 5068(33.16) 4883(32.64) 185(57.28)

DM (%) <0.010
No 13,538(88.58) 13,270(88.70) 268(82.97)

Yes 1746(11.42) 1691(11.30) 55(17.03)
Dyslipidemia (%) <0.001
No 12,269(80.27) 12,054(80.57) 215(66.56)

Yes 3015(19.73) 2907(19.43) 108(33.44)
Heart disease (%) <0.001
No 12,603(82.46) 12,391(82.82) 212(65.63)

Yes 2681(17.54) 2570(17.18) 111(34.37)

Table 1. Baseline characteristics of participants by incident stroke status during follow-up.

Crude model Model 1 Model 2
Characteristic | HR (95% CI) | P-value | HR(95% CI) P-value | HR (95% CI) | P-value
PFI . 2.57(2.18,3.04) | <0.001 |2.20(1.82,2.67) | <0.001 | 1.87(1.54,2.27) | <0.001
(continuous)
PFI (quartiles)
Q1 reference reference reference
Q2 2.11(1.34,3.33) | 0.001 1.93(1.21,3.05) | 0.010 1.74(1.09,2.76) | 0.020
Q3 3.29(2.12,5.10) | <0.001 |2.51(1.58,3.99) | <0.001 | 2.19(1.38,3.49) | <0.001
Q4 5.69(3.77,8.58) | <0.001 | 4.03(2.58,6.31) | <0.001 |3.12(1.99,4.91) | <0.001
P for trend <0.001 <0.001 <0.001

Table 2. Cox proportional hazards regression analysis of PFI and incident stroke. Crude model: No covariates
were adjusted Model 1: Age, gender, location, and marital status were adjusted Model 2: Age, gender, location,
marital status, smoke, drink, hypertension, diabetes, dyslipidemia, and heart disease were adjusted
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Fig. 2. The RCS curve of the association between PFI and stroke risk among. CI: confidence interval. RCS,
restricted cubic spline.

<0.001). In the crude model, there was a linear correlation between PFI and stroke risk (P for nonlinear =0.985).
In particular, in the fully adjusted model, PFI and stroke risk continued to show a linear association (P for
nonlinear =0.789).
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Subgroup HR (95% CI) P P for interaction

Age : 0.016
45~60 4.368(2.440,7.698) | _— < 0.001
260 2.006(1.578,2.555) | ‘—a— < 0.001

Sex : 0.206
Female 2.865(2.274,3.617) —e < 0.001
Male 2.307(1.814,2.943) 1 —— < 0.001

Marital status : < 0.001
Married 2.968(2.470,3.572) : e < 0.001
Non-Married 1.136(0.748,1.727) ‘io— 1.000

Location : 0.270
Rural 2.382(1.957,2.905) o < 0.001
Urban 2.937(2.143,4.042) 1 pr——® < 0.001

Smoke : 0.248
Never 2.859(2.285,3.585) , —e <0.001
Former smoker 2.189(1.692,2.840) |  =——@— <0.001
Current smoker 3.604(1.366,10.317) : 0.12

Drink ) 0.272
None 2.724(2.246,3.310) ! — < 0.001
Frequent 1.968(1.347,2.883) : e < 0.001
Occasional 2.019(0.984,4.187) =———— 0.55

Hypertension ! 0.703
No 2.387(1.856,3.072) : —— < 0.001
Yes 2.233(1.770,2.825) s < 0.001

DM ! 0.248
No 2.641(2.199,3.175) : — < 0.001
Yes 2.016(1.335,3.076) | =——o— 0.012

Dyslipidemia ' 0.178
No 2.661(2.170,3.268) : g < 0.001
Yes 2.076(1.547,2.797) 1| l=——t——— < 0.001

Heart disease . 0.148
No 2.548(2.071,3.140) : —e— < 0.001
Yes 1.945(1.446,2.631) | —a— < 0.001

T 1
1 2 3

Fig. 3. Investigation of the association between PFI and stroke by subgroup. Note 1 The above model adjusted
for age, gender, location, marital status, smoking status, drinking status, hypertension, diabetes, dyslipidemia,
and heart disease. Note 2 In each case, the model is not adjusted for the stratification variable. Note 3 Given
the multiple subgroup analyses, we acknowledge the potential for Type I errors. After Bonferroni correction,
significant associations remained in age (45-60 and > 60 years), sex (female and male), married status, location
(rural and urban), never smokers, former smokers, none drinkers, frequent drinkers, hypertension (yes and
no), no diabetes, dyslipidemia (yes and no), and heart disease (yes and no). Associations in other subgroups
did not reach statistical significance after correction and should be interpreted with caution.
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Subgroup analyses and interaction tests

Figure 3 presents the results of subgroup analyses and interaction tests examining the association between
PFI and stroke risk. To account for multiple comparisons, Bonferroni correction was applied. After correction
(adjusted significance level a’ = 0.05/22~0.00227), significant associations remained in the subgroups of age
(45-60 and =60 years), sex (female and male), marital status (married), location (rural and urban), smoking
status (never and former smokers), drinking status (none and frequent drinkers), hypertension (yes and no),
diabetes mellitus (no), dyslipidemia (yes and no), and heart disease (yes and no) (all P<0.00227). Associations
in other subgroups did not reach statistical significance after correction. Interaction tests indicated that age and
marital status significantly modified the relationship between PFI and stroke risk (P for interaction <0.05).

Discussion

In this large, nationally representative cohort study based on the CHARLS database, we observed a robust
positive association between the PFI and incident stroke risk. Higher PFI was independently associated with
increased stroke risk even after adjustment for demographic factors, comorbidities, and lifestyle variables.
Subgroup analyses further revealed that this association was particularly pronounced in middle-aged adults
(45-60 years) and among married individuals, highlighting important sociodemographic modifiers. These
findings underscore the potential of psychological vulnerability as a valuable target for stroke risk stratification
and prevention.

We found that those who had a stroke during the follow-up period were older, had a higher proportion of
unmarried individuals, had lower levels of education, and tended to live in rural areas compared with those who
did not have a stroke. In addition, the prevalence of major comorbidities such as hypertension, diabetes mellitus,
dyslipidemia, and heart disease was significantly higher in the stroke group than in the nonstroke group. These
descriptive results are consistent with previous epidemiologic studies, suggesting that stroke occurs as a result
of a combination of demographic, socioeconomic, and clinical multifactors®*=3. It is important to note that the
present comparison of baseline characteristics reflects only between-group differences, and we subsequently
used Cox regression modeling to adjust for potential confounders to further explore the independent effect
of psychological vulnerability on stroke risk?*-%. Demographic social factors and metabolic comorbidities
may work in conjunction with psychological vulnerability to further exacerbate stroke susceptibility>.
Therefore, future adjustment for these confounders is necessary to identify independent effects of psychological
vulnerability on stroke risk. In addition, RCS analysis suggested a linear association between PFI and stroke risk.
This linear characterization suggests that even moderate psychological vulnerability may adversely affect the
occurrence of cerebrovascular events. Subgroup analyses showed that the effect of psychological vulnerability
on stroke risk was more pronounced in the middle-aged group aged 45-60 years. The middle-aged population
may be more prone to behavioral risk factors (e.g., unhealthy lifestyle) and metabolic abnormalities in the face
of psychological vulnerability compared with the older age group, thereby amplifying stroke risk*!. Furthermore,
despite the prevalence of decreased neurovascular regulation and immune function in the elderly population,
making them physiologically more susceptible to psychological factors, the relatively low HR suggests that their
psychological vulnerability has a smaller marginal impact on stroke risk*>**. With regard to marital status, the
positive association between PFI and stroke risk was significant in the married population, possibly due to the
emotional pressure or responsibility in the spousal relationship that makes psychological vulnerability more
directly affect health behaviors and physiological responses®. In contrast, unmarried individuals, although
lacking spousal support, may be somewhat buffered by other social relationships (family, friends, community
support, etc.), resulting in a non-significant association between psychological vulnerability and stroke risk?°.
In addition, the small number of stroke events and limited statistical efficacy in the unmarried group may also
have affected the results of the significance test*®. The complexity and diversity of social support warrant further
in-depth study to clarify how different forms of support modulate the effect of psychological vulnerability on
stroke risk.

Multiple potential mechanisms may explain the observed association between psychological vulnerability
and increased risk of stroke. First, psychological vulnerability is usually accompanied by chronic psychological
stress?’, systemic inflammation®®, and dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis*. And
chronic stress leads to prolonged activation of the HPA axis, resulting in elevated cortisol levels, endothelial
dysfunction, and elevated blood pressure®®. Previous studies have demonstrated that these factors may
contribute to cerebrovascular pathology®!. Second, people with high psychological vulnerability may be
more prone to depressive symptoms, anxiety, cognitive decline, and social withdrawal®?. These conditions
are independently associated with poor cardiovascular outcomes and may increase the risk of stroke®. Third,
From a behavioral perspective, individuals who are psychologically weak may be less likely to engage in health-
promoting behaviors®. Instead, they usually have bad habits such as smoking, which is consistent with our
findings. They may also exhibit lower adherence to prescribed medications and medical advice, which may
affect the management of cardiovascular risk factors such as hypertension or diabetes™. Finally, psychological
vulnerability may be associated with reduced access to or utilization of health-care services. This may stem
from a lack of health awareness, cognitive impairment, or a lack of social support, which delays the diagnosis
and possible treatment of stroke. These interrelated biological and behavioral pathways may collectively explain
the high vulnerability of psychologically vulnerable individuals to stroke. However, given the limitations of our
dataset, we recognize that these proposed mechanisms remain speculative in the context of this study, and future
studies will need to validate these pathways in conjunction with relevant biomarker and mediator analyses.

The present study found that the risk of stroke increased by approximately 87% for each IQR increase in
PFI. This effect remained significant after adjusting for classical stroke risk factors, indicating the importance
of psychological vulnerability as an independent risk factor. It is noteworthy that the magnitude of the effect
of PFI on stroke risk was comparable to that of some classical risk factors (e.g., hypertension, diabetes),
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suggesting that mental health status has a non-negligible place in stroke risk assessment®. In addition,
the PFI, as a multidimensional psychological composite indicator, provides an important addition to stroke
risk identification by capturing individual psychological and behavioral risk characteristics that are difficult
to be reflected by traditional physiological indicators. Clinically, our findings support the incorporation of
psychological vulnerability assessment tools, such as the PFI, into routine stroke risk screening systems. Through
early identification of high-risk individuals with higher psychological vulnerability, individualized interventions
such as targeted psychological counseling, behavioral interventions, and social support enhancement can be
implemented. This multidimensional and comprehensive management strategy is expected to mitigate the direct
and indirect effects of psychological vulnerability on stroke occurrence and promote comprehensive stroke
prevention and health management.

Strengths and limitations

This study has several significant strengths. First, we used a large-scale, nationally representative sample from
the CHARLS to ensure the broad applicability and representativeness of the findings. Second, this study uses a
validated psychological vulnerability index that integrates multiple dimensions such as depression, cognition,
and coping ability to more comprehensively reflect an individual’s mental health status. Third, we utilized the
RCS method to explore the relationship between psychological vulnerability and stroke risk in depth, which
enhanced the granularity of the analysis. Fourth, interaction and stratification analyses were conducted for
different subgroups, which effectively revealed the differential effects of psychological vulnerability in different
populations and provided a basis for personalized risk assessment. The present study also suffers from the
following limitations. First, due to the cross-sectional design, the causal relationship between psychological
vulnerability and stroke could not be clarified. Second, both PFI and stroke events relied on self-reporting, which
may have information bias and affect the accuracy of the results. Third, although we adjusted for multiple known
stroke risk factors, we were unable to completely exclude potential residual confounding effects. Finally, this
study lacked validation from an external independent dataset, limiting the generalizability and generalization of
the results. Given that the study population consisted of Chinese adults aged 45 years and older, the applicability
of the psychological vulnerability index and its association with stroke risk across different cultural backgrounds
and healthcare systems needs to be further explored. Future validation studies should be conducted in diverse
populations and in different regions to enhance the robustness of the findings and their value for widespread
application.

Conclusion

In this study of 15,284 Chinese middle-aged and older adults, there was a significant and linear positive association
between PFI and stroke risk. Age and marital status had a significant modifying effect on the association,
suggesting that specific populations may have higher susceptibility. Therefore, psychological assessment should
be incorporated into routine stroke risk screening and targeted interventions should be developed to reduce
psychological vulnerability in high-risk populations and thereby prevent stroke.

Data availability
The data used in this study are publicly available from the CHARLS database (http://charls.pku.edu.cn/).
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