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Symptom clusters and networks analysis in acute-phase stroke patients: a cross-sectional study
Abstract
Background:The symptoms of stroke jeopardize patients' health and increase the burden on society and caregivers.Although the traditional symptom cluster research paradigm can enhance management efficiency, it fails to provide targets for intervention, thereby hindering the development of patient-centered precision medicine.However, the symptom network paradigm, as a novel research approach, addresses the limitations of traditional symptom management by identifying core symptoms and determining intervention targets, thereby enhancing the efficiency and precision of symptom management. This study aims to explore the symptom network and core symptoms of acute-phase stroke patients.
Methods: A convenience sample of 505 stroke patients was selected for this study. Symptoms were assessed by the Stroke Symptom Experience Scale.Exploratory factor analysis was utilized to extract symptom clusters, and network analysis was conducted to construct the symptom network and characterize its nodes.
Results: In this study, four symptom clusters were extracted through exploratory factor analysis. 
Based on the results of node predictability（re) and node centrality such as strength centrality (rs), it was found that the symptoms of "No interest in surroundings" (rs=1.299, re=1.081), "Be disappointed about future" (rs=0.922, re=0.901), and "Unable to maintain body balance" (rs=0.747, re=0.744) had the highest centrality and predictability values, indicating their core positions within the symptom network.
Conclusion: No interest in surroundings, Be disappointed about future, and Unable to maintain body balance are core symptoms in the symptom network. In the future, intervention methods for core symptoms can be constructed and validated for their intervention effects to further demonstrate the benefits of core symptoms.
Key words: stroke, acute-phase, patient-centered care, symptom network, symptom cluster, core symptom, node centrality 

1.INTRODUCTION
Stroke is characterized by high incidence, mortality, recurrence, disability rates, and a significant burden 1. Stroke is the leading cause of adult disability in China, with the highest incidence rate in the world today 2. Research has shown that the range of physical and psychological symptoms experienced by stroke patients can be detrimental to their health. These symptoms not only reduce the patient's mobility and quality of life, but also increase the burden on caregivers and society 3,4. The American Stroke Association (ASA) and the European Stroke Organization (ESO) emphasize in their guidelines that symptom assessment, control, and management of stroke patients are crucial for achieving the goal of patient recovery 5,6. Current research on stroke symptom management predominantly focuses on healthcare professionals perspectives and symptom cluster paradigms, lacking patient-centered approaches and more precise intervention strategies. New research methodologies must be developed to address these deficiencies.
Accurate and comprehensive symptom assessment is a prerequisite for the development of effective symptom management strategies. In their study, Zhang et al. 7 found that healthcare professionals often underestimate or overlook the symptoms and severity of stroke patients, with patient-reported symptoms being significantly stronger than those assessed by healthcare professionals. It is evident that the assessment by healthcare professionals does not fully reflect the patient's symptoms. Therefore, establishing patient-centered symptom management strategies may better enhance patients' quality of life. Currently, as an essential component of patient-reported outcomes, symptoms are increasingly recognized by healthcare providers. Symptom management strategies derived from patient self-reported outcomes may be more effective in alleviating symptoms and improving prognosis.
With the advancement of symptom management, the concept of "symptom clusters" has been introduced and widely applied in chronic diseases 8. Symptom clusters are defined as groups of two or more symptoms that occur concurrently and interact with each other. The significance of symptom cluster research lies in its potential to manage multiple symptoms concurrently, thereby enhancing the efficiency of symptom management. The study by Yeh revealed that, after treatment with Auricular Point Pressure for breast cancer patients experiencing "pain-fatigue-sleep disturbance" symptom clusters, the severity of several related symptoms was alleviated 9. However, Nguyen et al. found in their study on psychological education interventions aimed at improving the severity of the "pain-fatigue-sleep disturbance" symptom cluster that such interventions alleviated fatigue and sleep disturbances in cancer patients but did not reduce pain 10. This shows that the relationship between symptoms is not a simple linear one, but rather a more complex network of associations.The traditional symptom cluster research paradigm can elucidate the linear relationships between symptoms and enhance the cost-effectiveness of symptom management. However, it fails to elucidate the network structure formed by multiple symptoms and does not provide intervention targets for symptom management, thereby hindering the development of precision in symptom management. As a novel research paradigm, network analysis enables the construction of visualized symptom networks and the identification of core symptoms through quantitative studies of network structures and nodes. Research indicates that intervening on core symptoms can render other nodes originally associated with the core symptom ineffective as targets, and propagate the intervention effects to surrounding nodes, ultimately leading to the alleviation or disappearance of other symptoms11. For instance, Bekhuis et al. identified core symptoms in patients with mild-to-moderate depression through network analysis and implemented interventions based on the core symptoms. The results showed that interventions based on core symptom reduced the severity of depression more than other comprehensive interventions 12.Therefore, conducting network analysis on the symptoms of stroke patients and identifying their core symptoms can guide healthcare professionals to focus on the interactions between symptoms or symptom clusters 13, leading to more targeted, personalized, and efficient therapeutic interventions.
Currently, the majority of symptom network studies focus on cancer and psychiatric disorders 14,15, with few investigations into the symptom networks of acute-phase stroke patients. Therefore, this study explored the interactions between symptoms of stroke patients through symptom networks in order to (1) identify symptoms and extract symptom clusters of acute-phase stroke patients, and (2) construct a symptom network of acute-phase stroke patients and identify their core symptoms.

2. METHODS
2.1 Patients and settings 
This study is a cross-sectional study. A convenience sampling method was employed to select 505 stroke patients hospitalized at a tertiary grade A hospital in Wuhan from May 2023 to March 2024. The inclusion criteria were: (1) age ≥18 years; (2) diagnosed with stroke according to the "Chinese Clinical Practice Guidelines for Cerebrovascular Diseases (Second Edition)" 16, with onset time ≤14 days; (3) informed consent and conscious. The exclusion criteria were: (1) presence of severe comorbidities, such as heart failure or diabetic ketoacidosis; (2) presence of mental illnesses.According to the principles of cross-sectional sample size calculation,the sample size of this study should be 5-10 times of the independent variable 17, and 10% of invalid questionnaires were considered. The sample size of this study was at least 128 patients. A total of 550 questionnaires were distributed in this study and 505 were returned, with a valid recovery rate of 91.8%. This study was approved by the Ethics Committee of Hubei Provincial Hospital of Traditional Chinese Medicine (No. HBZY2023-C26-01), and all methods of the study were conducted in accordance with relevant guidelines/regulations and the Declaration of Helsinki. Participants gave informed consent before participating in this study and had the right to withdraw at any time. The study guaranteed anonymity and confidentiality to the patients.

2.2 Measures
2.2.1 Sociodemographic and clinical data
Sociodemographic and health-related data were collected through self-administered questionnaires. Sociodemographic variables included age, gender, BMI (kg/m2), ethnicity, place of residence, marital status, employment status, education status, health care payment method, and monthly income. Health-related variables included time from onset to admission, smoking status, drinking status (alcohol＞20ml/d), taste preference, stroke type, family history, and comorbidities (hypertension, diabetes mellitus, hyperuricemia, hyperlipidemia, etc.).
2.2.2 Stroke Symptom Experience Scale
The Stroke Symptom Experience Scale, developed by Shi et al. 18, is widely used in China to assess the symptoms of stroke patients.It demonstrates good reliability and validity, with a Cronbach's alpha of 0.805.This Scale consists of 23 items. It contains three dimensions: frequency of occurrence (four-point scale, scores 1-4, the higher the score the more frequent), severity (four-point scale, scores 1-4, the higher the score the more severe), and distress (five-point scale, scores 0-4, the higher the score the more distressing).The mean of the scores for the three dimensions of frequency, severity, and distress indicate the patient's burden of that symptom, with larger means indicating a greater burden of that symptom for the patient. 
2.3 Data collection
A questionnaire survey was conducted among stroke patients in the neurology department of a tertiary hospital. The study's purpose, methods, and significance were explained to the patients by investigators who had undergone standardized training. Following informed consent, patients were guided in completing the questionnaire. If the patient was unable to complete the questions independently due to vision or other problems, the investigator dictated the questions and filled in the answers on his/her behalf. Investigators may have minimal subjective bias when filling out answers on behalf of patients. To reduce subjective bias caused by investigators filling out responses on behalf of patients,we selected individuals with no conflict of interest in this study as investigators.Completed questionnaires were collected and checked for omissions, errors, multiple choices, etc. Questionnaires were invalidated if all answers were the same or if more than 10% of the questions were not answered.

2.4 Data analysis
2.4.1 Demographics and symptom clusters
Data were analyzed using SPSS 29.0. Data conforming to a normal distribution are described as mean ± standard deviation, and data with a skewed distribution are described as median and quartiles. Symptom clusters were identified by principal component analysis in exploratory factor analysis (EFAs) 17,19.Consistent with previous research 20,21, in order to have sufficient variance and covariance for EFAs, only symptoms with an incidence of >20% and <80% were included in the analysis. This may cause a little bias but does not interfere with the identification of core symptoms.Therefore, symptom clusters in this study were extracted based on the following criteria: symptom prevalence >20% and <80%; factor loadings ≥0.4; and number of factors >1.
2.4.2 Developing symptom networks
The statistical analyses related to the symptom network were conducted using R 4.3.3 and R Studio 2023. The Bootnet code 22 defaults to analyzing the relationships between symptoms through the EBICglasso function and Spearman correlation, subsequently constructing a visualized symptom network using the qgraph command. Each node represents a symptom. The edges in the network represent the relationship between two nodes; thicker edges indicate stronger correlations between pairs of nodes.
2.4.3 Node centrality and node predictability
The Centrality command within the bootnet code is employed to obtain network centrality indices and node predictability. Centrality indices include strength centrality (rs), closeness centrality (rc), and betweenness centrality (rb) 11. Strength reflects the sum of direct connections between a symptom and other symptoms. Higher strength centrality indicates that a symptom is more likely to be a core symptom. Closeness centrality reflects the inverse of the distance between a symptom and all other symptoms. Higher closeness centrality suggests that a symptom is more likely to be central within the network. Betweenness centrality reflects the number of shortest paths passing through a symptom. Higher betweenness centrality indicates that a symptom is more likely to be a bridge symptom. Previous research indicates that strength centrality is the most critical criterion for identifying core symptoms 11,23. From the perspective of core symptom characteristics, core symptoms have high stability in the symptom network. Consequently, this study considers both the stability and strength centrality of centrality metrics to determine core symptoms.
Node predictability (Expectedinfluence) is used to assess the ability of all other symptoms in the network to predict the symptom 24. The closer the predictability of a symptom is to 1, the more it can be predicted or identified by other symptoms in the network, and the more likely it is that the symptom can be influenced by intervening with its neighboring symptoms.
2.4.4 Stability,accuracy and difference test of the network
The accuracy of the network, the stability of centrality, and the variability of variables were assessed using the bootstrapping method within the Bootnet code. The accuracy of the network edges was estimated by the 95% confidence interval (CI) of the bootstrap edge weights. The stability of centrality is expressed by correlation stablility coefficient,which should preferably be >0.5 but at the very least be >0.25. Bootstrapped difference tests were conducted between edge weights and centrality indices in the least absolute shrinkage and selection operator regularization of partial correlation networks based on polychoric correlation matrices. Difference tests were conducted to determine if there were differences in the estimates of network connectivity and centrality across variables. 

3. RESULTS
3.1 Sociodemographic characteristics of participants
A total of 505 participants are included in this study. The sociodemographic characteristics of the participants are shown in Table 1.
Table 1 Sociodemographic characteristics of participants (n=505)
	Characteristics
	M(P25,P75)

	Age
	67（60，74）

	Time from onset to hospitalization (h)
	18（5，48）

	                                                              n(%)

	Gender

	Male
	331（66）

	Female
	174（34）

	BMI（kg/m2）

	low
	27（5）

	normal
	344（68）

	high
	134（27）

	Ethnicity

	Han
	497（98）

	Minority
	8（2）

	education attainment

	Junior high school and below
	264（52）

	High school and above
	241（48）

	monthly salary（yuan）

	＜3000
	161（32）

	3000～5000
	206（41）

	＞5000
	138（27）

	smoke

	yes
	195（39）

	no
	310（61）

	drink

	yes（alcohol＞20ml/d）
	199（39）

	no
	306（61）

	residence

	city
		432（86）

	urban
	73（14）

	Type of stroke 

	Cerebral infarction
	486（96）

	cerebral hemorrhage
	17（3）

	subarachnoid hemorrhage
	2（1）

	number of comorbidities
	

	0
	81（16）

	1-3
	405（80）

	＞4
	19（4）

	Family history of cardiovascular disease
	

	yes
	204（40）

	no
	301（60）



3.2 The symptoms experienced by the participants
Table 2 displays the prevalence and mean values of 23 symptoms among stroke patients.The prevalence of symptoms ranged from 6.7% to 83.9%. The three symptoms with the highest prevalence were limb weakness (83.9%), Decreased self-care ability (70.5%), and fatigue (69.7%).
Table 2  Symptom prevalence for stroke patients (n=505)
	symptom
	Prevalence
	mean value
	symptom
	Prevalence
	mean value

	Restriction of limb movement
	336（67.5%）
	2.00(0.00,3.00)
	Slow response
	211（41.8%）
	0.00(0.00,2.00)

	Limb weakness
	424（83.9%）
	2.67(1.67,3.33)
	Slurred speech
	238（47.1%）
	0.00(0.00,2.67)

	Pain in the limbs
	102（20.2%）
	0.00(0.00,0.00)
	Coughing after eating
	131（25.9%）
	0.00(0.00,1.00)

	Shoulder pain
	59（11.7%）
	0.00(0.00,0.00)
	Be irritable
	188（37.2%）
	0.00(0.00,2.00)

	Upper limb flexion
	46（9.1%）
	0.00(0.00,0.00)
	Moodiness
	204（40.4%）
	0.00(0.00,2.00)

	Foot drop
	34（7%）
	0.00(0.00,0.00)
	Be disappointed about future
	110（21.8%）
	0.00(0.00,0.00)

	Inversion of foot
	23（6.7%）
	0.00(0.00,0.00)
	No interest in surroundings
	149（29.5%）
	0.00(0.00,1.33)

	Uncoordinated movements of the limbs
	219（43.4%）
	0.00(0.00,2.67)
	Worry about not being able to do what you want
	247（48.9%）
	0.00(0.00,2.00)

	Unable to maintain body balance
	272（53.9%）
	1.33(0.00,3.00)
	Lack of initiative
	185（36.6%）
	0.00(0.00,1.67)

	Hypomesthesia
	240（47.5%）
	0.00(0.00,2.67)
	Fatigue
	352（69.7%）
	1.67(0.00,2.67)

	Memory decline
	281（55.6%）
	1.33(0.00,2.33)
	Decreased self-care ability
	356（70.5%）
	2.33(0.00,3.00)

	Decreased attention
	170（33.6%）
	0.00(0.00,1.67)
	
	
	



3.3 Stroke Symptom clusters
During data analysis, symptoms with occurrence rates less than 20% or greater than 80% were excluded 20,21 , including limb weakness, limb pain, shoulder pain, upper limb flexion, foot drop, and foot pronation.Exploratory factor analysis is employed to extract symptom clusters. The symptom clusters are named based on the characteristics of the symptoms within each cluster. The results indicate that four symptom clusters are identified in this study, as shown in Table 3. Factor 1 contains six symptoms, named the Mood symptom cluster, including Be disappointed about future, No interest in surroundings, Moodiness,Lack of initiative,Worry about not being able to do what you want and Be irritable.Factor 2 comprises five symptoms and is labeled as the Coordination-balance symptom cluster, which includes Unable to maintain body balance, Restriction of limb movement, Decreased self-care ability, Uncoordinated movements of the limbs, and Hypomesthesia. Factor 3 encompasses three symptoms and is designated as the Cognitive disorder symptom cluster, including Decreased attention, Memory decline and Slow response. Factor 4 contains two symptoms and is termed the Slurred speech-cough symptom cluster, involving Slurred speech and Coughing after eating. Fatigue, due to factor loadings below 0.4, is not included in any symptom cluster.
Table 3 Exploratory factor analysis of the mean values of the total dimension of symptoms in patients with acute phase stroke（n=505）
	symptom
	factor 1
	factor 2
	factor 3
	factor 4

	
	Mood symptom cluster
	Coordinate - balance symptom cluster
	Cognitive disorder symptom cluster
	Slurred speech-cough symptom cluster

	no interest in surroundings
	0.817
	0.190
	0.110
	-0.016

	Be disappointed about future
	0.782
	0.189
	0.122
	0.073

	moodiness
	0.741
	0.257
	-0.057
	0.181

	Worry about not being able to do what you want
	0.696
	0.044
	0.170
	-0.169

	Lack of initiative
	0.690
	0.204
	0.267
	-0.056

	Be irritable
	0.481
	0.001
	0.104
	0.310

	Unable to maintain body balance
	0.149
	0.823
	0.003
	0.029

	Restriction of limb movement
	0.072
	0.809
	0.008
	0.064

	Decreased self-care ability
	0.113
	0.783
	0.010
	0.175

	Uncoordinated movements of the limbs
	0.219
	0.749
	0.094
	0.094

	hypomesthesia
	0.215
	0.501
	0.386
	-0.085

	Memory decline
	0.140
	0.033
	0.851
	-0.002

	Decreased attention
	0.113
	0.043
	0.847
	0.125

	Slow response
	0.113
	0.039
	0.810
	0.092

	Slurred speech
	-0.095
	-0.042
	-0.059
	0.823

	Coughing after eating
	0.199
	0.197
	0.240
	0.669

	total number of symptoms
	6
	5
	3
	2



3.4 Analysis of the structure of the network and the centrality measure
Network analysis visualizes the relationships among symptoms, with shorter and thicker lines between nodes indicating stronger and closer connections between two symptoms. In the symptom network of acute stroke patients, high correlations are observed between Decreased attention (C1), Memory decline (C2), and Slow response (C3); strong connections are noted between Uncoordinated movements of the limbs (A4) and Unable to maintain body balance (A1); close links exist between Restriction of limb movement (A2) and Decreased self-care ability (A3); high correlations are found between No interest in surroundings (B2) and Lack of initiative (B4); strong connections are evident between Be disappointed about future (B1) and Moodiness (B3), as illustrated in Figure 1.




[image: Figure 1]
Figure 1  Estimated network plot for symptoms in the total sample（n=505）

The centrality index in Figure 2 shows that the top three strength centrality symptoms are No interest in surroundings (rs=1.299), Be disappointed about future (rs=0.922), and Unable to maintain body balance (rs=0.747); the top three closeness centrality symptoms are Hypomesthesia (rc=1.095), Moodiness (rc=0.931), and Be disappointed about future(rc=0.717); and the top three betweeness centrality symptoms are Memory decline (rc=1.355), Uncoordinated movements of the limbs(rc=1.054), and Hypomesthesia (rc=0.903). Considering the critical role of strength centrality and the stability coefficients of three centrality, this study ultimately identified "No interest in surroundings", "Be disappointed about future ", and "Unable to maintain body balance" as core symptoms of acute-phase stroke patients.

[image: 截屏2024-11-03 23.33.31]Figure 2  Centrality and predictable measures of all symptoms within the network

The three symptoms with the highest predictability are disinterest in the surrounding environment (re=1.081), disappointment about the future (re=0.901), and inability to maintain physical balance (re=0.744). Symptoms with high predictability can be alleviated by intervening on related peripheral symptoms. For example, interventions targeting "low mood" and "lack of initiative" can mitigate "disinterest in the surrounding environment." Conversely, low-predictive symptoms cannot be alleviated through interventions on peripheral symptoms; for instance, "unclear speech" cannot be mitigated by intervening on other symptoms.

3.5 Accuracy ,stability and difference test
The grey area in Figure 3 represents the 95% confidence interval (CI) for edge weight values. The small 95% CI of edge weight values and the average edge weight value of 0.141 indicate that the results of the network analysis are accurate.
[image: Figure 3]
Figure 3  Bootstrap analysis results of the edge weights

Figure 4 displays the correlation stability coefficients of centrality indices. The correlation stability coefficients for strength, expectation, closeness, and betweenness are 0.75, 0.75, 0.36 and 0.129, respectively. Although the stability of betweenness centrality is suboptimal, the stability of strength, expectation, and closeness centrality is satisfactory. Overall, the stability of centrality indicators is deemed acceptable.





[image: Figure 4]
Figure 4  correlation stability coefficient for betweenness,strength, expected influence, and closeness

In Figure 5, the black squares indicate significant differences in the strength centrality of symptoms, suggesting that these results may have important biological or medical implications. The grey squares denote no significant difference in the strength centrality of symptoms, implying that these results might be influenced by other factors. Figure 5 demonstrates that there are no significant differences in the strength centrality among many symptoms within the symptom network. However, B6 (irritability) and D1 (poor articulation) display significant differences compared to the majority of other symptoms.
[image: Figure 5]
Figure 5  bootstrapped difference test for nodes

4. DISCUSSION
We explored symptom clusters and symptom networks in patients with acute-phase stroke, identifying core and predictive symptoms within the network.This provides a foundation for healthcare professionals to develop individualized and precise symptom management strategies, further advancing patient-centered care.
4.1 Symptom clusters in patients with acute phase stroke
Four symptom clusters were extracted from the symptoms of acute-phase stroke patients: the Mood symptom cluster, the Coordination - balance symptom cluster, the Cognitive disorder symptom cluster, and the Slurred speech-cough symptom cluster. The symptom clusters identified in this study differ in number and type from those extracted by Grady A and Wong A 25,26, yet both include emotional and coordination-balance symptom clusters.Research on symptom clusters in other diseases indicates that different extraction methods and dimensions lead to variations in the type and number of extracted symptom clusters 20,21,27. However, it is unclear whether this hypothesis holds true in the field of stroke, and future studies could test this hypothesis.In contrast to single symptoms, symptom clusters focus on the nature and association of related symptoms. Research indicates that the accurate identification of symptom clusters contributes to the optimization of diagnostic criteria and the prioritization of nursing issues 28. And it facilitates healthcare professionals to accurately predict patients' needs 29,30 and provide them with scientific and effective symptom management measures.
4.2 Core symptoms in patients with acute-phase stroke
    Network analysis revealed that Be disappointed about future, No interest in surroundings, and Unable to maintain body balance are core symptoms among patients in acute-phase stroke patients.Studies by Wen H 31 and other scholars have demonstrated that, from a mechanistic perspective, core symptoms are the most prominent within the symptom network, exhibiting the strongest connections to other symptoms in the network.Interventions that target core symptoms can accelerate network deactivation, thereby improving the accuracy and efficiency of treatment 32,33. For instance, when healthcare professionals develop precision treatment plans for stroke patients, the incorporation of music therapy or mindfulness therapy to address core symptoms such as "disappointment with the future" and "lack of interest in the surrounding environment" not only alleviates these two core symptoms but also reduces other symptoms to varying degrees. Therefore, this study identifies the core symptoms of patients in acute-phase stroke patients. It provides theoretical guidance for healthcare professionals to develop more efficient, personalized, and refined intervention strategies based on these core symptoms. This contributes to achieving patient-centered care goals and promotes further development in symptom management.
4.2.1 Psychological core symptoms
Patients with long-term functional impairment due to stroke often experience negative emotions, including Be disappointed about future and No interest in surroundings.This may lead to a decrease in rehabilitation motivation, poor functional recovery, increased treatment costs due to prolonged hospitalization, and an increased burden on family caregiving 34.Research indicates that approximately 20%-65% of stroke survivors may experience persistent adverse psychological reactions within 3-6 months after stroke 35.In this study, the prevalence of  Be disappointed about future and No interest in surroundings in patients with acute-phase stroke was 21.8% and 29.5%, respectively.There are two potential reasons why these two symptoms, despite their central positions within the symptom network, exhibit a low incidence rate. Firstly, the study focused on the acute phase, defined as within 14 days post-onset 16. Compared to stroke patients at other stages, those in the acute phase have not undergone prolonged treatment and rehabilitation, resulting in a higher prevalence of psychological symptoms characterized by disappointment about the future and increased anxiety, rather than disinterest in surrounding activities. Secondly, "Be disappointed about future" and "No interest in surroundings" exhibit high connectivity with other symptoms. As shown in the symptom network (Figure 1), these core symptoms are associated with every symptom within the network. It has been suggested that Be disappointed about future and No interest in surroundings are more likely to develop into post-stroke depression than other psychological symptoms 36 and and may potentially lead to treatment abandonment 37.Post-stroke depression has been shown to hinder patient rehabilitation and is associated with higher mortality rates 38,39.On the one hand, depression is recognized as an independent risk factor for stroke 39. On the other hand, a dynamic relationship exists between stroke and depression, where an exacerbation of depressive symptoms can increase the severity of stroke, and vice versa. This dynamic interaction is particularly evident within the first six months post-onset 40,41. It indicates that patients with post-stroke depression are more likely to experience a recurrent stroke compared to those without post-stroke depression 42.
In conclusion, "No interest in surroundings" and "Be disappointed about future" may serve as precise intervention targets for preventing post-stroke depression, reducing the recurrence rate of stroke, and alleviating related symptoms.It is recommended that healthcare professionals pay particular attention to the core symptoms of "No interest in surroundings" and "Be disappointed about future". Emotional care and physical care are equally important for acute-phase stroke patients who have escaped life-threatening situations.Research indicates that mindfulness therapy 43 and music therapy 44 can help alleviate negative emotions in patients.
Numerous traditional Chinese medicine hospitals in China have utilized the Five Elements Music Therapy to alleviate psychological symptoms in patients, with significant therapeutic effects 45. Therefore, it is suggested that healthcare professionals incorporate music therapy or mindfulness therapy into symptom management plans to address core symptoms such as "No interest in surroundings" and "Be disappointed about future".

4.2.2 Physical symptom cluster
The Unable to maintain body balance is a common symptom in patients with acute-phase stroke, and the cause may be related to brain injury at the parietotemporal junction, which can lead to poor postural control 46.In this study, 53.9% of the patients experienced Unable to maintain body balance, which is consistent with the findings of Hsu AL 47. Research indicates that in the physiological development of healthy individuals, stability precedes flexibility. If subsequent development does not adhere to this sequence, optimal performance cannot be achieved 48. However, due to damage to the central nervous system, stroke patients exhibit poor body coordination and struggle to maintain balance 49.Stability deficits and balance disorders affect the patient's autonomic motor abilities 48, such as Unable to maintain body balance, Restriction of limb movement, and Decreased self-care ability. This is depicted in the symptom network diagram, where Unable to maintain body balance (A1) is connected by thick, deep lines to Restriction of limb movement (A2), Decreased self-care ability (A3), and Uncoordinated movements of the limbs (A4) . Meanwhile, Unable to maintain body balance is the leading cause of stroke falls in adults 50. Most stroke survivors have a fall rate of up to 70% in the first year after stroke 51. The fear of falling can lead to a range of negative psychological symptoms in patients. In the symptom network of this study, a thin and shallow line connects Unable to maintain body balance (A1) with No interest in surroundings (B2) and Lack of initiative (B4), suggesting that Unable to maintain body balance may have an indirect impact on psychological symptoms.
In summary, healthcare professionals should focus on patients who are unable to maintain body balance.Patient’s balance abilities can be improved through vestibular rehabilitation therapy 52 and ultrasound biofeedback core exercises53 . Additionally, new technologies such as robot-assisted gait training 54 and virtual reality therapy 55 can be utilized to enhance balance.Meanwhile,home-based exercises are crucial in promoting the recovery of balance capabilities and preventing falls.After nurse training, stroke patients can perform home exercises under the guidance of their family members to improve the coordination of muscle movements 56.
4.3 Predictive Symptoms in patients with acute-phase stroke
In our study, an interesting finding is that No interest in surroundings (rs=1.299, re=1.081), Be disappointed about future (rs=0.922, re=0.901) and Unable to maintain body balance (rs=0.747, re=0.744) are not only the core symptoms of acute-phase stroke patients, but also the most predictable symptoms. This further indicates that these three core symptoms are potential precise symptom management targets for acute stroke patients, and their changes will affect the structure of the entire network.
The predictability of a node depends on the number and weight of edges connected to it. Generally, the more edges connected to a node, the higher its strength centrality, resulting in greater predictability 57.Expectedinfluence helps guide the selection of intervention goals and the development of interventions 58.Research has shown that highly predictive symptoms can be alleviated by intervening with symptoms connected to them 59. Clinically, when direct intervention of core symptoms is not feasible or yields inadequate results, healthcare professionals may consider leveraging the high predictive value of these core symptoms to achieve therapeutic goals. Combining the symptom network (Figure 1), it is observed that the connections between Be disappointed about future (B1) and Moodiness (B3) are thick and deep; similarly, the connections between No interest in surroundings (B2) with Moodiness (B3) and Lack of initiative (B4) are thick and deep; as are the connections between Unable to maintain body balance (A1) and Restriction of limb movement (A2); and between Decreased self-care ability (A3) and Uncoordinated movements of the limbs (A4). These results suggest that for patients with acute-phase of stroke, intervening on Moodiness and Lack of initiative can help alleviate No interest in surroundings and Be disappointed about future. Intervening on Restriction of limb movement, Decreased self-care ability, and Uncoordinated movements of the limbs can alleviate the Unable to maintain body balance. However, the effect of neighboring symptoms on highly predictive symptoms is currently theoretical, and few studies have tested this theory clinically.
In conclusion, it is recommended that healthcare professionals consider the highly predictive nature of core symptoms when developing symptom management interventions for stroke patients. Furthermore, this study did not include covariates such as complications and age in the analysis. Future research should consider conducting network analyses that incorporate these covariates to further improve the study design.Additionally, current research on symptom network analysis predominantly remains at the theoretical stage, with few studies constructing intervention programs based on core symptoms and validating their efficacy. Therefore, future research should develop personalized treatment plans targeting core symptoms. The significance of core symptoms can be verified by setting up an intervention group (individualized treatment plan based on core symptoms) and a control group (implementation of conventional treatment measures), and comparing the effects of the two groups before and after the intervention.

5 Limitations
Firstly, this study is based on patients' self-reports and lacks objective indicators. This may increase bias, for instance, certain symptom clusters may be exaggerated by subjective interpretation. It is recommended that future studies add objective measures, such as biological indicators or neuroimaging, to supplement self-reported data and reduce bias. Second, the study sample was selected using convenience sampling and was from a single tertiary care hospital, which could lead to potential generalizability issues. Finally, the cross-sectional design used in this study did not allow for the confirmation of causal relationships between symptoms, which limits our interpretation of the stability of the core symptoms over the course of the disease and the prediction of symptoms.Longitudinal studies, such as follow-up studies, could be conducted in the future to further elucidate the interactions between symptoms.

6 Conclusion
A symptom network was constructed for 505 patients in the acute phase of stroke. Four symptom clusters were extracted through exploratory factor analysis. Core symptoms and highly predictive symptoms, such as No interest in surroundings, Be disappointed about future, and Unable to maintain body balance, were identified through network analysis. Healthcare professionals can develop efficient, targeted, and precise symptom management strategies based on these core symptoms, thereby effectively improving patient outcomes and achieving patient-centered care. Future research should conduct dynamic symptom network studies to determine the stability of core symptoms and predict symptoms through their dynamic trajectories and causal relationships, providing a theoretical basis for developing effective early intervention strategies.
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