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Background: Stroke remains a leading cause of death and disability, with rising incidence in young adults. This study evaluates the
Knowledge, Attitudes, and Practices (KAP) regarding stroke among young stroke patients aged 18—45 years.

Methods: A cross-sectional online survey was conducted from January 15 to June 5, 2025, in Shanxi Province, China. Data from 445
young stroke patients were analyzed. Structural equation modeling (SEM) was employed to explore the relationships among KAP
domains.

Results: The average KAP scores were 23.69+8.48, 43.71+4.84, and 40.32+5.68, respectively. SEM analysis revealed that knowledge
directly influenced both attitudes ($=0.519, P=0.011) and practices (=0.494, P=0.005). Furthermore, knowledge had a significant
indirect effect on practices through attitudes (f=0.218, P=0.006). SEM analysis revealed that knowledge directly influenced both
attitudes and practices, while attitudes partially mediated the relationship between knowledge and practice.

Conclusion: Young stroke patients demonstrated positive attitudes and moderate practices but had insufficient knowledge. This
knowledge-practice gap underscores the urgent need for targeted educational interventions, such as digital health tools and community
workshops, to improve secondary stroke prevention.
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Background
Stroke remains the second leading cause of death globally and the third leading cause of death and disability, with an
increase in absolute number of incident strokes by 70%, prevalent strokes by 85%, deaths from stroke by 43%, and
disability adjusted life-years (DALYs) by 32% over the last two decades (1990-2019)." Traditionally considered
a “disease of the elderly,” stroke is increasingly affecting younger populations, with incidence rates among adults
under 44 years increasing from 5-17 per 100,000 person-years in the 1990s to 11-28 per 100,000 in more recent
estimates.” * Young stroke accounts for 10~15% of total stroke patients, representing a significant public health challenge
as these premature strokes have a disproportionate societal burden, curtailing productive years of life and predisposing
younger adults to longer-term sequelae and complications.>® Consistent with widely adopted clinical and epidemiolo-
gical definitions, young stroke in the present study was defined as stroke occurring between 18 and 45 years of age.’
The knowledge, attitude, and practice (KAP) model postulates that individual health behaviors are contingent upon
one’s knowledge and attitudes, serving as a fundamental framework for understanding health-related decision-making
processes.® Unlike stroke in older adults, the etiological spectrum of stroke in young adults is highly heterogeneous, with
cryptogenic strokes accounting for 24-53% of cases, followed by cardio-embolism (10-34%), large artery atherosclerosis
(4-29%), and small vessel disease (12-26%).*"'° Given that young stroke patients face decades of potential recurrence
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risk—with 5-year risk of any recurrent vascular event reaching 12.2% —understanding their disease-related knowledge
and health behaviors becomes crucial for effective secondary prevention.''

Despite the recognized importance of patient education and self-management in stroke prevention, limited research
has systematically examined the KAP of young stroke patients regarding their own disease, particularly in the Chinese
population. Previous studies in China have shown that overall stroke awareness and health literacy remain insufficient,
especially regarding symptom recognition and risk factor identification among adults and community residents.'? In
addition, disparities in health education accessibility between urban and rural populations may further influence patient
understanding and self-management behaviors.'*'* However, most existing studies have focused on the general popula-
tion or caregivers rather than young stroke survivors themselves. In contrast, young stroke patients represent a distinct
clinical group with a prolonged risk window for recurrence and long-term disability, making their disease-related KAP
particularly critical for effective secondary prevention. Shanxi Province was chosen as the research site due to its high
prevalence of cardiovascular risk factors among young adults, including high rates of smoking, alcohol consumption, and
rural-urban healthcare disparities, which may uniquely influence stroke risk profiles and health behaviors in this
demographic.'® Specifically, Shanxi Province has been reported to have higher-than-national-average rates of major
cardiovascular risk factors, including smoking prevalence, alcohol consumption, and metabolic risk profiles such as
hypertension and obesity, particularly among younger adults. These indicators exceed national estimates reported in
large-scale epidemiological surveys in China, thereby underscoring the increased regional burden of cardiovascular
disease and the importance of targeted prevention strategies in this population. While global studies have identified
substantial ethnic and regional differences in risk factors and outcomes, with patients in low and middle-income countries
having almost 2.5-fold higher risk for mortality than those in high-income countries.'® Although some research has
examined stroke-related knowledge, attitudes, and practices (KAP) in the general population or among caregivers, studies
specifically focusing on young stroke patients themselves are scarce. Existing work has largely centered on elderly
patients or caregiver knowledge, rather than the self-perceptions of young survivors. The present study addresses this gap
by shifting the focus to young adults who have experienced a stroke, a group for whom KAP is critical for long-term
secondary prevention. This study aims to quantify KAP levels, identify their interrelationships, and explore factors
influencing the translation of knowledge into practice in this underexplored population. Structural equation modeling
(SEM) was employed because it enables simultaneous evaluation of direct and indirect pathways among latent behavioral
constructs, making it particularly suitable for examining the complex interrelationships within the KAP framework.'”

Materials and Methods
Study Design and Participants

This cross-sectional study was conducted between January 15 and June 5, 2025, in Shanxi Province, China. The target
population comprised young adults aged 18 to 45 years who had been diagnosed with stroke and were receiving medical
care at hospitals within the province. Ethical approval was granted by the Medical Ethics Committee of our Hospital, and
informed consent was obtained from all participants prior to enrollment.

Participants were eligible for inclusion if they met the following criteria: aged between 18 and 45 years, clinically
diagnosed with stroke, clinically stable at the time of recruitment, and attending follow-up appointments at least one
month post-discharge. A convenience sampling technique was employed to recruit eligible young stroke patients
attending follow-up clinics across participating hospitals in Shanxi Province. Individuals were excluded if they had
cognitive impairments that interfered with their ability to comprehend and complete the questionnaire (such as
intellectual disability or dementia), a history of severe psychiatric disorders (including major depressive disorder or
schizophrenia), coexisting serious medical conditions (such as malignant tumors or end-stage renal disease), or if they
failed to provide complete responses to key survey items. Duplicate submissions were restricted using mobile phone
number, WeChat account, IP address, and backend submission records. Questionnaires with abnormal values, such as
implausible age entries of 150 or 180 years, were excluded. A trap question, “15 X 2 = 40,” was included to assess
response attentiveness; questionnaires selecting “correct” for this item were excluded. Initially, a total of 519 ques-
tionnaires were collected. After excluding 19 questionnaires from individuals who did not consent to participate, 8 from
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individuals outside the 1845 age range, 41 with abnormal values, and 6 with incorrect answers to trap questions, 445
valid questionnaires remained, resulting in a valid response rate of 85.74%.

Questionnaire

The questionnaire was designed with reference to the 2023 edition of the National Clinical Guideline for Stroke by the
United Kingdom.'® Following its initial formulation, the instrument underwent expert review and iterative revision
based on feedback from five clinical specialists across neurology, psychiatry, and gastroenterology. A pilot test was
subsequently conducted among 43 individuals to assess the instrument’s reliability. The resulting Cronbach’s alpha
coefficient was 0.887, reflecting a high level of internal consistency. The Kaiser—Meyer—Olkin (KMO) measure was
0.912 (p < 0.001), indicating sampling adequacy. Model fit indices demonstrated acceptable fit (Chi-square Minimum/
Degrees of Freedom ratio (CMIN/DF) = 4.345, Root Mean Square Error of Approximation (RMSEA) = 0.071,
Incremental Fit Index (IFI) = 0.895, Tucker—Lewis Index (TLI) = 0.901, and Comparative Fit Index (CFI) = 0.901),
confirming convergent validity (Figure S1 and Tables S1-S3). After the pilot test, participants were asked about their

subjective experience in completing the questionnaire. None reported that the items were difficult to understand or
confusing. As the questionnaire also showed good internal consistency, no further item modification was made after
the pilot test.

The finalized questionnaire consisted of four sections: demographic characteristics, KAP. The knowledge section
contained 11 questions, with a total of 24 items. The first question was scored as 2 points for “Yes” and 0 points for “No”.
For the remaining questions, responses of “very familiar,” “heard of,” and “not clear” were assigned 2, 1, and 0 points,
respectively, allowing for a total score ranging from 0 to 48. The attitude section also included 11 items, evaluated using
a five-point Likert scale from “strongly agree” (5 points) to “strongly disagree” (1 point), resulting in a total score
between 11 and 55. The practice section focused on five questions, with questions 1, 2, and 5 included in the scoring.
These items utilized a five-point Likert scale, where responses ranged from “always” to “never,” scored from 5 to 1,
respectively. P5 further evaluated six rehabilitation-related behaviors. Specifically, sub-items P5.1 through P5.4 applied
only to participants currently undergoing stroke rehabilitation. In contrast, P5.5 and P5.6 focused on dietary management
and follow-up behaviors relevant to all respondents. Therefore, only P5.5 and P5.6 received assigned values. The overall
score range for the practice dimension was also 11 to 55. Consistent with common practice in KAP studies,'” a score
exceeding 70% of the maximum possible in any given domain was considered indicative of sufficient knowledge,
a favorable attitude, or active engagement in stroke-related health behaviors.

Questionnaire Distribution and Quality Control

A dedicated research team was formed, consisting of clinical nursing professionals with over a decade of experience in
patient care and clinical research. Before data collection began, all team members participated in standardized training
that covered the questionnaire’s content and administration protocol. This training focused on the study’s objectives,
inclusion and exclusion criteria, and methods to ensure methodological consistency and data reliability. Participants were
recruited from neurology inpatient wards and outpatient follow-up clinics of the participating hospitals. Potentially
eligible patients were identified from discharge records and outpatient follow-up lists, and all consecutively eligible
patients were contacted by designated members of the research team during the study period. Data collection involved
follow-up telephone interviews with eligible participants who had been discharged from the hospital for at least one
month. Trained researchers adhered to a standardized script to introduce the study, explain its significance, and provide
clear instructions for completing the questionnaire. After obtaining informed consent, participants were invited to join
a designated WeChat contact to access the electronic version of the questionnaire. For respondents who could not
complete the survey independently, researchers read each question aloud and recorded the responses accordingly.
Throughout this process, care was taken to avoid leading or suggestive language. All interviews were conducted
individually to preserve the integrity of the responses and minimize potential bias, thereby enhancing the validity of
the collected data.
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Statistical Analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 27.0 (IBM Corp.,
Armonk, NY, USA) and Analysis of Moment Structures (AMOS) version 26.0 (IBM Corp., Armonk, NY, USA).
Continuous variables are presented as means with standard deviations (SD), while categorical variables are expressed
as frequencies and percentages (n, %). The normality of continuous variables was assessed prior to comparison. For
normally distributed variables, independent sample t-tests were used for comparisons between two groups, and analysis
of variance (ANOVA) was applied for comparisons among three or more groups. For variables that did not follow
a normal distribution, the Wilcoxon—Mann—Whitney test was used for two-group comparisons, and the Kruskal-Wallis
test was used for comparisons involving multiple groups. Correlation analysis was conducted using either Pearson’s
correlation coefficient for normally distributed data or Spearman’s rank correlation coefficient for non-normally dis-
tributed data. To further examine the interrelationships among knowledge, attitude, and practice (KAP), SEM was
employed. The SEM framework was constructed to test the following hypothesized pathways: (1) knowledge directly
influences attitude; (2) attitude directly influences practice; and (3) knowledge influences practice both directly and
indirectly through attitude. Model fit was evaluated using multiple indices, including the root mean square error of
approximation (RMSEA), incremental fit index (IFI), Tucker—Lewis index (TLI), and comparative fit index (CFI). The
adequacy of the sample size was also examined to ensure robustness of the SEM analysis. According to the commonly
accepted guideline that the sample size should be at least 5—-10 times the number of observed variables, consistent with
recommendations from previous methodological studies.”® Given that the model contained 46 observed variables,
a minimum of 230-460 participants would be required. The final sample of 445 met this criterion, supporting the
sufficiency of the sample size for SEM. All statistical analyses were two-tailed, and a P-value less than 0.05 was
considered to indicate statistical significance.

Results

Demographic Characteristics and KAP Scores

A total of 445 young stroke patients were included, with a mean age of 37.67 &+ 6.68 years. Most participants were male
(66.29%), married (79.10%), and 43.60% held a bachelor’s degree or higher. Nearly half had never smoked (49.44%) or
consumed alcohol (37.98%), while 45.62% occasionally stayed up late. In response to stroke symptoms, panic levels
varied, with most reporting moderate panic (Figure 1). The KAP scores were 23.69 + 8.48 for knowledge, 43.71 + 4.84
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Figure | Level of Panic When Experiencing Symptoms (1-10 points, with | indicating no panic and 10 indicating extreme panic).
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for attitude, and 40.32 + 5.68 for practice. KAP scores were significantly associated with multiple sociodemographic and
lifestyle factors including education, income, medical insurance, BMI, and health behaviors. Participants with dual
medical insurance, higher socioeconomic status, and healthier habits had more favorable KAP scores. Notably, females
showed significantly higher practice scores than males (P<0.05) (Table S4).

KAP

In the Knowledge domain, young stroke patients demonstrated critical gaps. Over 65% were unaware of the stroke risk
linked to obstructive sleep apnea, 59% lacked knowledge of hyperhomocysteinemia, and 64% did not recognize gender
as a relevant factor. Only 6.97% knew psychological counseling is relevant for secondary prevention. Symptom
recognition was poor: merely 14.38% could identify the BE FAST components, and only 20.45% understood transient
ischemic attacks require urgent care. Furthermore, just 18.88% knew professional rehabilitation should continue in the
post-acute recovery phase.

In the Attitude dimension, misconceptions were notable A large majority (87.19%) believed stroke primarily affects
older adults, underestimating personal risk. Furthermore, 56.4% held neutral or negative views on the preventive
importance of quitting smoking and limiting alcohol. In the Practice dimension, engagement was suboptimal. Only
41.57% were undergoing rehabilitation. Among them, participation in specific therapies was low, with only 13.49% in
cognitive and 17.31% in speech rehabilitation. Physical activity was inconsistent, as 51.01% never practiced Tai Chi and
25.84% never jogged. (Table S5).

Correlation Analysis
Correlation analysis showed that there were significant positive correlations between knowledge and attitude (r = 0.396,
P < 0.001) as well as practice (r = 0.559, P < 0.001). Also, there was a correlation between attitude and practice (r =
0.339, P < 0.001) (Table 1).

SEM Analysis

The SEM demonstrate an acceptable overall model fit (CMIN/DF value: 4.620, RMSEA value: 0.078, IFI value: 0.832,
TLI value: 0.808, and CFI value: 0.830), which falls within the range considered adequate in comparable behavioral and
psychological models.*'*** Although the CFI and TLI values are slightly below the conventional 0.90 threshold, they are
still regarded as acceptable when factor loadings exceed 0.80 and model parsimony is prioritized. Therefore, the model
was considered reasonably well-fitting for examining the hypothesized pathways (Table 2). The results of mediation

Table | KAP Correlation Analysis

Knowledge Attitude Practice

Knowledge | |
Attitude 0.396 (P<0.001) | |
Practice 0.559 (P<0.001) | 0.339 (P<0.001) | |

Table 2 Structural Equation Model Fit Indices

Fit Index | Ref. Model Index

CMIN/DF | 1-3 excellent, 3-5 good | 4.620

RMSEA <0.08 good 0.078
IFI >0.8 good 0.832
TLI >0.8 good 0.808
CFl >0.8 good 0.830
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Table 3 Mediation Effects in the Structural Model Verified by the Bootstrap Method

Model Paths Standardized Total Effects | Standardized Direct Effects | Standardized Indirect Effects

B (95% CI) P B (95% CI) P B (95% CI) P

Knowledge—Attitude | 0.519 (0.396-0.619) | 0.011 | 0.519 (0.396-0.619) 0.011
Knowledge—Practice | 0.713 (0.609-0.825) | 0.004 | 0.494 (0.332-0.681) 0.005
Attitude—Practice 0.421 (0.237-0.595) | 0.016 | 0.421 (0.237-0.595) 0.016
Knowledge—Practice 0.218 (0.142-0.355) 0.006

Notes: B, standardized path coefficient. The arrow symbol (—) indicates the direction of the hypothesized pathway in the structural model.

effect analysis showed that knowledge had direct effects on attitude (B = 0.519, P = 0.011) and practice (p = 0.494, P =
0.005). Meanwhile, attitude had a direct impact on practice (B = 0.421, P = 0.016). Furthermore, knowledge indirectly
affected practice through attitude (B = 0.218, P = 0.006) (Table 3 and Figure 2).

Discussion

A key finding is the mismatch between low stroke-related knowledge and the relatively positive attitudes and practices
among young survivors. This paradox, directly relevant to secondary prevention, suggests that beneficial behaviors may
be unsustainable without a deeper understanding of the disease. The discrepancy may stem from contextual factors. In
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Figure 2 The relationship between knowledge, attitude and practice using structural equation model.
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China, family-centered and collectivist norms encourage adherence to health advice from physicians or family, even with
limited personal knowledge. Social desirability may also lead to overreporting of positive behaviors. Furthermore,
structured discharge education and community health programs in the region may promote proactive practices indepen-
dently of knowledge levels. Future qualitative research is needed to explore these psychosocial and systemic determi-
nants. Overall, the findings highlight the urgent need for targeted educational interventions to enhance foundational
knowledge, thereby reinforcing and sustaining positive long-term health behaviors in this high-risk group.

The findings of this study highlight a consistent yet complex pattern in the cognitive and behavioral profiles of young
individuals with a history of stroke. The SEM demonstrated that knowledge exerted a strong direct effect on both
attitudes and practices, with an additional indirect path to practice mediated through attitudes. This layered relationship
affirms that while cognitive awareness can shape behavioral outcomes, its influence is also contingent upon the affective
stance individuals hold toward stroke prevention. Such mechanisms suggest that simply disseminating information may
be insufficient unless accompanied by interventions that also foster emotional engagement and belief in the value of
preventive action.®?

The strength of the knowledge-practice link was further supported by the observed positive correlations among all
three KAP domains. In particular, the strong association between knowledge and practice underscores the role of
informational access and comprehension in enabling proactive health behaviors. This finding aligns with previous
work in chronic disease management, which has similarly noted that individuals who possess greater disease-specific
knowledge tend to engage more consistently in health-preserving practices.”>** However, the observed knowledge
deficits in key areas such as symptom recognition, risk factor awareness, and rehabilitation measures indicate
a disconnect between general health attitudes and specific content retention. Many participants were unable to identify
transient ischemic attack symptoms or distinguish preventable from non-preventable risk factors, revealing gaps that may
undermine timely and effective responses to stroke events.

The SEM pathway between attitude and practice, though somewhat weaker than the direct influence of knowledge,
remained statistically significant and meaningful. The attitudinal dimension likely reflects a more motivational substrate
that reinforces or inhibits the translation of knowledge into behavior. This is especially relevant in a younger population
who may not yet perceive themselves at imminent risk and thus require additional motivational cues to act on their
knowledge. Related research in cardiovascular risk perception supports the idea that behavioral activation is often
contingent upon both self-relevance and perceived severity, particularly in younger cohorts.>°

Sociodemographic variation in KAP outcomes offers further insight into modifiable disparities. Urban residents,
individuals with higher educational attainment, and those with commercial medical insurance generally displayed better
knowledge scores and more consistent engagement in preventive practices. These findings are consistent with prior
studies linking healthcare literacy and resource access with improved chronic disease outcomes.””*® In contrast, rural
residency, lower income, and limited insurance coverage appeared to correlate with both cognitive and behavioral
vulnerability, indicating a need for targeted outreach in these groups. It is noteworthy that even among participants
receiving care at tertiary hospitals, a substantial proportion remained uninformed about essential aspects of stroke
management, suggesting that clinical encounters may not always suffice as educational interventions.

The bar chart illustrating panic levels upon symptom onset revealed an interesting psychological profile: the highest
concentration of responses clustered around moderate panic levels, with a noticeable drop-off at both extremes. This
distribution may reflect partial symptom awareness coupled with uncertainty about appropriate action, rather than
complete ignorance or overconfidence. It highlights a latent tension between knowledge and perceived control, which
may shape whether individuals respond promptly or hesitate during acute episodes. Addressing this tension requires more
than factual correction; it demands confidence-building measures that enhance self-efficacy in symptom interpretation
and response.?**°

Although overall attitudes toward stroke prevention were generally positive, a closer inspection of practice patterns
revealed several inconsistencies. While lifestyle modifications such as dietary improvement and smoking cessation were
relatively common, rehabilitation practices were notably underutilized. Participation in structured physical therapy,
occupational training, and speech therapy remained low, even among those actively recovering. Similar patterns have
been reported in Chinese stroke populations, where post-stroke rehabilitation utilization remains suboptimal due to
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financial burden, limited accessibility of rehabilitation facilities, and insufficient patient awareness regarding the long-
term benefits of rehabilitation, particularly outside tertiary urban centers.*' National and regional studies from China
have shown that high out-of-pocket costs, uneven distribution of rehabilitation resources between urban and rural areas,
and inadequate rehabilitation education after hospital discharge are major barriers to sustained rehabilitation engagement
among stroke survivors.*> The underutilization of rehabilitation services observed in this study may stem from multiple
factors. First, economic burden remains a critical barrier, as post-stroke rehabilitation often involves out-of-pocket
expenses not fully covered by insurance, particularly for younger patients who are less likely to qualify for long-term
disability benefits. Second, disparities in the availability of specialized rehabilitation facilities, especially in less
urbanized areas of Shanxi Province, limit accessibility. Third, inadequate awareness of the importance of ongoing
rehabilitation and misconceptions that functional recovery plateaus shortly after discharge may discourage sustained
engagement. Together, these findings suggest that the low utilization of rehabilitation services among young stroke
patients reflects a combination of structural constraints and insufficient rehabilitation awareness, underscoring the need
for integrated policy, educational, and service-delivery interventions. To further support the generalizability of the present
findings, evidence from large-scale epidemiological studies in China has consistently demonstrated a clear north—south
gradient in cardiovascular risk profiles. A nationally representative study reported significantly higher prevalence of
hypertension in northern China compared with southern regions, along with higher levels of key behavioral risk factors
such as smoking and elevated blood pressure.*> These geographic differences have been observed across multiple
population-based surveys and are considered a stable feature of cardiovascular epidemiology in China. More recent
analyses based on large-scale national datasets further confirmed substantial regional variation in clustered cardiovascular
risk factors, with northern provinces showing a relatively higher burden of hypertension and related behavioral risks.>*
These findings suggest that the risk environment in Shanxi Province is representative of a broader northern China pattern,
thereby supporting the applicability of the present results to other similar high-risk populations. The underuse of these
services may reflect barriers beyond knowledge or belief, such as logistical constraints, financial limitations, or
misperceptions about the utility of rehabilitative care. Other work in neurological rehabilitation contexts suggests that
uptake is often sensitive to both social support and the clarity of professional guidance provided during discharge
planning. 2%

Several recommendations arise from these findings. Educational strategies must go beyond the mere provision of
information, emphasizing tailored messaging that considers the emotional and contextual realities of younger stroke
survivors. Interactive formats, community-based peer engagement, and digital platforms could help increase accessibility
and resonance. Additionally, integrating rehabilitation guidance into standard care transitions may help mitigate the
observed practice gaps, particularly if accompanied by follow-up support. Policy initiatives aimed at expanding insurance
coverage and enhancing service availability in rural areas could further reduce structural inequities that constrain
knowledge acquisition and behavioral compliance.*®’

This study has several limitations. First, its cross-sectional design precludes the establishment of causal relationships
between KAP. Second, the use of an online self-reported questionnaire may have introduced response bias, particularly in
the assessment of lifestyle behaviors and rehabilitation practices. Third, as the study was conducted in a single province
with a specific age group and healthcare setting, the generalizability of the findings to other regions or populations may
be limited. Because all participants were recruited from hospitals within Shanxi Province, the findings may reflect
regional characteristics in stroke awareness and health-seeking behavior. Differences in socioeconomic context, health-
care access, and health education across provinces could introduce regional bias, further limiting external validity.
Additionally, selection bias may have occurred, as individuals more engaged in follow-up care were more likely to
participate. Although the questionnaire demonstrated high internal consistency, further validation across broader popula-
tions and longitudinal settings is needed to ensure measurement reliability. Moreover, due to regional socioeconomic and
healthcare disparities, findings may not be fully representative of all young stroke patients in China.

Conclusions
In conclusion, young patients with a history of stroke demonstrated insufficient disease-related knowledge despite
exhibiting generally positive attitudes and relatively proactive health practices, with knowledge significantly
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influencing both attitudes and behaviors through direct and indirect pathways relevant to secondary prevention. These
findings highlight the need for targeted educational interventions to enhance disease-specific knowledge, which may
further strengthen attitudes and translate into sustained improvements in stroke-related self-management among young
patients.
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