

[image: Cover of a publication titled "Evaluation of fitness in stroke survivors," edited by Felipe Cunha, Arthur Sá Ferreira, and Adrian Wayne Midgley. Published in Frontiers in Neurology and Frontiers in Stroke. Features a woman undergoing a brain scan with an EEG cap, while a doctor observes the results.]





FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual articles in this ebook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers. 

The compilation of articles constituting this ebook is the property of Frontiers. 

Each article within this ebook, and the ebook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this ebook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version. 

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or ebook, as applicable. 

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with. 

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question. 

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-8325-6666-4
DOI 10.3389/978-2-8325-6666-4

Generative AI statement

Any alternative text (Alt text) provided alongside figures in the articles in this ebook has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers journal series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view. By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers journals series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area.


Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers editorial office: frontiersin.org/about/contact





Evaluation of fitness in stroke survivors

Topic editors

Felipe Cunha – Rio de Janeiro State University, Brazil

Arthur Sá Ferreira – University Center Augusto Motta, Brazil

Adrian Wayne Midgley – Edge Hill University, United Kingdom

Citation

Cunha, F., Ferreira, A. S., Midgley, A. W., eds. (2025). Evaluation of fitness in stroke survivors. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-6666-4

Dr. Ferreira is co-author in patents for the following software: Rehabilitation for people with amputation 2021, AUDIOMETER 2013, MYO 2008, DiagMTC 2008. The other Topic Editors declare no competing interests with regard to the Research Topic subject.




Table of Contents




Editorial: Evaluation of fitness in stroke survivors

Felipe Cunha, Arthur de Sá Ferreira and Adrian Wayne Midgley

Exercise preference in stroke survivors: a concept analysis

Yuting Dai, Huiling Shi, Kangling Ji, Yuxin Han, Minerva De Ala and Qing Wang

Evaluating the reliability and validity of a Chinese version of the performance-oriented mobility assessment among patients with chronic stroke

Ming Zhong, Yongnan Jing, Xiaofeng Zhao, Ying Gao, Yanju Jiang, Yihao Liu and Chunping Du

Predicting sarcopenia risk in stroke patients: a comprehensive nomogram incorporating demographic, anthropometric, and biochemical indicators

Yufan Pu, Ying Wang, Huihuang Wang, Hong Liu, Xingxing Dou, Jiang Xu and Xuejing Li

Association between serum albumin and severe impairment of activities of daily living in patients with stroke: a cross-sectional study

Ranran Bi, Yupeng Shi, Manrong Li, Xiaochen Liu, Zhenchao Ma, Yiqing Huang, Bingyin Liang and Fang Cui

A resting-state fMRI cross-sectional study of cardiorespiratory fitness decline after stroke

Qingming Qu, Kexu Zhang, Hewei Wang, Jie Zhu, Yingnan Lin and Jie Jia

Association between stroke and fracture and the mediating role of depression: a cross-sectional study from NHANES 2017 to 2020

Yuqin Dan, Xuewen Pei, Danghan Xu, Zhaoxi Liu, Yuqi Wang, Meng Yin, Li Li and Gongchang Yu

Machine learning consensus clustering for inflammatory subtype analysis in stroke and its impact on mortality risk: a study based on NHANES (1999–2018)

Zhang Chunjuan, Wang Yulong, Zhou Xicheng and Ma Xiaodong

Comparison of the effects of different physical stimulation therapies on reducing upper limb spastic paralysis and motor dysfunction in stroke survivors after stroke: a network meta-analysis of randomized controlled trials

Mingtong Bian, Fuyan Chen, Huizhen Su, Zhiying Li, Xiaowei Sun, Yang Liu, Jinyuan Shi, Shuo Liu and Ru Rong

Time dependency of thrombectomy for large artery atherosclerosis versus cardioembolic stroke subtypes: evidence from the ANGEL-ACT registry

Yue Yin, Hanlin Chen, Anxin Wang, Xiaoli Zhang, Miao Li, Ligang Song, Baixue Jia, Ning Ma, Dapeng Mo, Xuan Sun, Feng Gao, Yiming Deng and Zhongrong Miao on behalf of the ANGEL-ACT Study Group

Development and validation of a risk prediction model for activities of daily living dysfunction in stroke survivors

Fangbo Lin and Nan Liu












	
	EDITORIAL
published: 29 August 2025
doi: 10.3389/fstro.2025.1682445






[image: image2]

Editorial: Evaluation of fitness in stroke survivors

Felipe Cunha1†, Arthur de Sá Ferreira2*† and Adrian Wayne Midgley3†


1Laboratory of Physical Activity and Health Promotion, Institute of Physical Education and Sports, Rio de Janeiro State University, Rio de Janeiro, Brazil

2Laboratory of Computational Simulation and Modeling in Rehabilitation, Postgraduate Program in Rehabilitation Sciences, Centro Universitário Augusto Motta, Rio de Janeiro, Brazil

3Department of Sport & Physical Activity, Edge Hill University, Ormskirk, United Kingdom

Edited and reviewed by
Anthony Pak Hin Kong, The University of Hong Kong, Hong Kong SAR, China

*Correspondence
 Arthur de Sá Ferreira, asferreira@unisuam.edu.br

†These authors have contributed equally to this work and share first authorship

Received 08 August 2025
 Accepted 14 August 2025
 Published 29 August 2025

Citation
 Cunha F, Ferreira AS and Midgley AW (2025) Editorial: Evaluation of fitness in stroke survivors. Front. Stroke 4:1682445. doi: 10.3389/fstro.2025.1682445



Keywords
stroke, recovery, rehabilitation, cardiorespiratory fitness, cardiopulmonary exercise test, balance, body composition, muscular fitness



Editorial on the Research Topic
 Evaluation of fitness in stroke survivors




Stroke remains a leading cause of long-term disability worldwide, often resulting in impairments in cardiorespiratory and neuromuscular function (Tsao et al., 2023). These limitations contribute to decreased physical activity, increased fatigue, and heightened sedentary behavior, jeopardizing functional independence and increasing the risk of recurrence. This Research Topic showcase recent advances in evaluating key domains of physical fitness in stroke survivors, including cardiorespiratory fitness, muscular strength, and endurance, neuromotor control, fatigue tolerance, and body composition.

Cardiorespiratory fitness assessment remains a cornerstone of post-stroke evaluation. The cardiopulmonary exercise test (CPET) is recognized as the gold standard for determining maximal oxygen uptake (VO2max), however, its validation, safety, and feasibility in stroke populations remain underexplored. Qu et al. addressed this gap by examining the decline in cardiorespiratory fitness post-stroke using resting-state functional magnetic resonance imaging, opening new perspectives for combining physiological and neuroimaging data in this population.

Accurate assessment of neuromuscular function and physical performance is equally critical. Pu et al. developed a nomogram to predict sarcopenia risk in stroke patients, incorporating anthropometric and biochemical markers, while Zhong et al. validated a Chinese version of the performance-oriented mobility assessment, ensuring reliability for use in chronic stroke survivors. Bi et al. further linked serum albumin levels to severe impairment in activities of daily living (ADLs), reinforcing the role of nutritional and metabolic markers in functional prognosis.

The interplay between physical health, psychological status, and functional independence also emerged as a key theme. Dan et al. demonstrated how depression mediates the link between stroke and fracture risk, highlighting the need for integrative assessments that include emotional and cognitive domains. Similarly, Lin and Liu proposed a predictive model for ADL dysfunction, offering clinicians a tool to anticipate limitations early in the recovery process.

Contributions addressed innovative assessment and rehabilitation strategies. Bian et al. performed a network meta-analysis comparing different physical stimulation therapies, offering evidence to guide upper limb motor rehabilitation strategies. Dai et al. explored the concept of exercise preference in stroke survivors, emphasizing the value of patient-centered approaches when designing fitness evaluations and rehabilitation plans.

Lastly, Yin et al. analyzed thrombectomy timing by stroke subtype, and Chunjuan et al. applied machine learning clustering to inflammatory profiles, both enhancing our understanding of physiological factors influencing recovery potential.

These studies represent a multidisciplinary effort to improve the precision, relevance, and personalization of fitness assessment in stroke rehabilitation. Continued research must ensure that tools are accessible, scalable, and responsive to the specific needs of stroke survivors across the recovery continuum. We hope this Research Topic inspires further innovation and collaboration in optimizing fitness assessment and rehabilitation strategies in stroke care.
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Background: Exercise preference in stroke survivors is related to their adherence to long-term rehabilitation regimen and functional recovery. Although explored recently, the term exercise preference still lacks a clear definition.
Objective: The aim of this study is to conceptualize exercise preference in stroke survivors.
Methods: The Walker and Avant method was applied as a framework for the conceptual analysis of exercise preference. Data from 34 publications were collected using seven databases (PubMed, Web of Science, Embase, CINAHL, CNKI, Wanfang Data, and CBM) and applied in the analysis. The search period was from the inception of the database to April 30, 2023.
Results: Exercise preference in stroke survivors was defined according to four attributes: priority of choice, behavioral tendency, affective priming, and patience in adherence. The common antecedents of the concept of exercise preference in stroke survivors were classified into patient-related, therapy-related, and environmental-related categories and the consequences were classified into three categories: patient-related, rehabilitation provider–related, and rehabilitation service system–related.
Conclusion: Exercise preference in stroke survivors refers to the patient’s choice, tendency, affective response, and attitude toward engagement in the recommended rehabilitation regimen. It is beneficial for understanding the essential attributes of exercise preference in stroke survivors by clarifying the concept. In addition, it will facilitate the development of instruments for assessing exercise preference in stroke survivors and the construction of theory-based intervention programs that can improve adherence to exercise rehabilitation.

Keywords
 stroke; exercise; rehabilitation; patient preference; concept analysis


1 Introduction

Stroke has become a major global public health problem, and loss of motor function is the main cause of patient disability. More than 80% of the stroke survivors have varying degrees of motor function loss, and approximately 50% of them experience motor dysfunction in 3 months after stroke onset, leading to dependence, limited mobility, and “hard return” (1, 2). The extreme challenge in motor recovery is to minimize motor impairment. Rehabilitation is key to promoting motor recovery after a stroke, and much of the rehabilitation experience—whether inpatient, outpatient, or at home—as it relates to motor recovery after acute care discharge revolves around physical activity and exercise (3). However, motor recovery involves actively acquiring knowledge and skills through external support to promote physical, psychological, and social function improvement. Rehabilitation is a complex behavior regulated by automatic process (habit) and goal-directed control process (intention) (4, 5), and patient preference plays a crucial role in motivation and control (6). Therefore, exercise preferences in the rehabilitation process of stroke survivors, which will be closely related to their adherence to long-term rehabilitation processes and functional recovery, need to be studied.

Evidence suggests stroke patients may benefit more from earlier, more intensive rehabilitation (7, 8). Exercise is an integral component of rehabilitation after stroke onset and plays a crucial role in promoting functional independence (9). Exercise rehabilitation is a long-term, dynamic, multifactorial, and complex process, and stroke survivors present different exercise preferences over time (10). Patients want themselves, rather than the techniques, to be kept as the center of attention in the rehabilitation process, such as the exercise mode they are interested in, accessible, positive, and meaningful as they perceived it, confidence, external supervision and support, and so on (11–13). Exercise regimes need to be designed that keeping in mind exercise preferences that promote the affective response of stroke survivors so that they become engaged and motivated to be physically active (14, 15).

The term preference has been used for a long time in the fields of psychology and economics, which refers to weighing the risk and benefit for the individual (16, 17). It has mainly been studied in personal financial investment decisions, also reflecting choice tendency or behavioral intention (17, 18). As the patient-centered care was proposed, patient preference has been valued and recognized as a crucial element of best nursing practice (19). Patient preference (PP) information is defined as qualitative or quantitative assessments of the relative desirability or acceptability of patients among specified alternatives or choices among outcomes or other attributes that differ among alternative health interventions (20). However, we cannot simply equate the concept of patient preference information with the concept of exercise preference in stroke survivors. The concept of exercise preference in stroke survivors is more focused on the personal preferences in the recommended rehabilitation regimen. Exercise preference in stroke survivors has been presented only as a fragmented information in several studies (13–15). But exercise preference of stroke survivors has not been extensively covered, including the heterogeneity of personal values and inclination for long-term rehabilitation (11, 13, 21).

Clarifying the concept of exercise preference in stroke survivors in the rehabilitation process can provide primary knowledge about preferences in rehabilitation in the selected population with similar traits and ensure consistency in its utilization and adoption. It can also enable scholars and researchers to develop assessment instruments for evaluating the exercise preference of stroke survivors and construct hypotheses that clearly mirror the relationships between and among the related concepts and factors. Furthermore, health care professionals designing the rehabilitation regimes for stroke survivors could adopt personalized strategies that can support adherence to exercise and improve self-management of the rehabilitation process. Hence, this study aims to provide a clear and evidence-based definition of exercise preference in patients with stroke and construct its antecedents, attributes, consequences, and empirical referents.



2 Materials and methods


2.1 The concept analysis approach

The Walker and Avant’s method of analysis was be adopted to evaluate the concept of exercise preference in stroke survivors, which contained the following eight steps (22): (1) select a concept (2), determine the aims or purposes of analysis, (3) identify all the uses of the concept that you can discover, (4) determine the defining attributes (5), identify a model case (6), identify borderline, related, contrary, invented, and illegitimate cases (7), identify antecedents and consequences, and (8) define empirical referents.



2.2 Data sources

A comprehensive and broad search for the term “exercise preference of stroke survivors” was performed in PubMed, Web of Science, Embase, CINAHL, China National Knowledge Infrastructure (CNKI), Wanfang Data, and China Biology Medicine disc (CBM) from their inception to April 30, 2023 to confirm the basic elements of the concept. The keywords “stroke,” “apoplexy,” “cerebrovascular accident,” “cerebrovascular apoplexy,” “CVA,” “rehabilitation,” “exercise rehabilitation,” “exercise,” “physical activity,” “preference,” “value,” “favor” were used as search terms individually or in combination with each other. The specific search strategy is shown in Supplementary material S1. In addition, references from the retrieved literature (especially review literature) were also reviewed to supplement and ensure a complete search. The inclusion criteria involved literature in English or Chinese, full-text publications, and academic journals that can confirm the concept of exercise preference using stroke survivors as a sample. Commentaries, editorials, and dissertations were excluded.

A total of 34 studies with full-text publications were included in this study (Figure 1). The process of the search conforms to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) search strategy guidelines.

[image: Flowchart illustrating a systematic review process. Identification stage includes a database search yielding 7,338 records and additional citation searches adding 3 records. Screening results in 2,761 records after duplicate removal and 4,580 records screened, with 4,523 excluded based on titles and abstracts. Eligibility assessment involves 57 full-text articles, with 23 excluded for reasons such as focus on exercise preference, commentaries, editorials, and dissertations. Finally, 34 studies are included in the review.]

FIGURE 1
 Flow diagram of the study selection.




2.3 Data collection and management

Thirty-four studies were reviewed for systematic data collection and management, including study characteristics, as well as antecedents, attributes, and consequences of concepts. The information was extracted and tabulated (Table 1). Clear definitions of exercise preference in stroke survivors are relatively rare in the aforementioned studies. Thus, only some studies include all the antecedents, attributes, and consequences of exercise preference in stroke survivors.



TABLE 1 Antecedents, attributes and consequences of exercise preference in stroke survivors.
[image: A comprehensive table presents a review of various studies on rehabilitation. Columns include "Author," "Year," "Study design," "Sample size," "Antecedents," "Attributes," and "Consequences." Each row details the findings from specific studies, such as preferences for rehabilitation environments, motivations, and outcomes. Some studies emphasize controlled environments or personalized regimens, while others highlight exercise preferences based on social settings or personal motivation. Consequences include improved adherence to rehabilitation, enhanced recovery, or motor function improvement. The table covers diverse research designs like cross-sectional studies, systematic reviews, and qualitative research.]




3 Results


3.1 Definitions and uses of concept

The common and universal understanding and usage of the term should be captured for a concept analysis. Based on the framework proposed by Walker and Avant (22) and synthesizing the 34 included studies, the concept of exercise preference in stroke survivors refers to the patient’s choice, tendency, affective response, and attitude toward engagement in the recommended rehabilitation regimen.

In 2001, Wu et al. (23) evaluated exercise preference for explaining the motor performance of the participants in performing a task and showed significant differences between the task preferences. In 2012, the Exercise Preference Questionnaire for stroke survivors was developed to capture exercise preferences and current exercise habits. The exercise preferences in stroke survivors contained five dimensions: (i) exercise with others, (ii) degree of structure of exercise program, (iii) independence, (iv) exercise location, and (v) intensity (24). In 2016, the Stroke Exercise Preference Inventory (SEPI) was constructed and consists of supervision support, confidence challenge, health and well-being, similar others, exercise context, home-alone, and music-TV (25). Furthermore, the concept of exercise preference has been developed both psychologically and theoretically. It addresses concerns that are relevant to people who require physical rehabilitation for conditions other than stroke. For medical professionals delivering exercise rehabilitation, especially in a home setting, the SEPI acts as a tool to promote specific discussion about choices and concerns and thus individualize the exercise regimes (14).

The studies mentioning concepts similar to exercise preference in stroke survivors have been found in the fields of nursing, medicine, psychology, physiology, and occupational therapy. Most of these are exploratory qualitative studies regarding experience (10), dilemma (26), expectation (27), facilitators, and barriers (11, 13, 26) in the rehabilitation process. Moreover, several quantitative studies have investigated the association between and among exercise preferences, potential barriers, and psychosocial factors such as self-efficacy and depression (14, 15, 21).



3.2 Attributes of exercise preference in stroke survivors

The exercise preference in stroke survivors were found to be the priority of choice, behavioral tendency, affective priming, and patience in adherence. Particulars of each attribute are described below.


3.2.1 Priority of choice

Priority of choice is a crucial attribute of exercise preference in stroke survivors. This is mainly reflected in the choice of exercise programs such as social situation, location, type of exercise, intensity, frequency, and duration (28). Choosing or refusing a certain mode of exercise depends on what they like or what they do not like when exercising (13). Individuals with stroke are more interested in a certain exercise mode and more likely to make corresponding choices and exhibit better adherence (13, 29). Of course, there are also pros and cons to weigh in this process (30).



3.2.2 Behavioral tendency

According to Caetano and colleagues (15), in the sphere of stroke rehabilitation, behavioral tendency reflects as the intention of individuals with stroke engaging in exercise. This often aligns with personal recovery goals and overall health goals. It usually presents as a willingness to make an effort to exercise to achieve a certain rehabilitation goal (26). As Bastos et al. (21) have observed, stroke survivors prefer exercises in controlled environments (gyms/rehabilitation centers) and those offered in groups (with family/friends, other individuals of similar age and health condition).



3.2.3 Affective priming

An analysis of the preferences of the stroke survivors shows that when they perceived the certain exercises as positive and meaningful to improve performance or linked to a better activity of daily life, they will like it (10, 13). Affective priming was modulated by the valence of the preceding experience (10), behavior habit (26), emotional stimulus (29), and present bias (31), and exhibit the trait of dynamic, changeable, reversible, and personalized.



3.2.4 Patience in adherence

It refers to the individual with stroke who is more concerned with immediate gratification that comes from the comfort of low-intensity and lower-level exercise of physical inactivity or prefers delayed gratification such as motor functional improvement by adherence to the recommended exercise (13, 29). As Bastos and colleagues have found, laziness leads to interrupting physical exercise (21). In other words, it means lack of patience in adherence to the exercise, and the stroke survivor is more likely to enjoy immediate gratification from “lying flat.”




3.3 Cases


3.3.1 Model case

The model case is a real-life example involving all the defining attributes of the concept in a clinical context (22). A model case is the best example of concept application because it elaborates all of the defining attributes of the concept.

Mrs. Zhao, 62 years old, was suddenly affected by a stroke and was paralyzed on her left side. The rehabilitation regime was formulated before she was discharged as an acute inpatient. She engaged in the discussion actively and told the health professionals what exercises she prefers, such as walking, dancing, and swimming. She likes exercising in the park with other old friends, especially “square dancing.” She does not like high-intensity exercise. As proposed by the rehabilitation facility and specialty health institutions, she could not accept intense exercises because of previous bad experiences, distance, and financial reasons. Based on the physical functional recovery, she likes to design short-term goals. She is more interested in new rehabilitation approaches and techniques and willing to accept the challenge of higher goals. She thinks they are all beneficial to enhancing the performance. Regarding adherence to exercise, she expressed nothing could interrupt exercise and she will not be lazy. Then the professionals tailored an individualized rehabilitation regimen and supervision schedule for her. This personalized program included her exercise preferences and had a satisfactory efficacy of adherence and motor recovery.

The case of Mrs. Zhao contains all the previously discussed defining attributes of exercise preference in stroke survivors.



3.3.2 Borderline case

Borderline cases are the scenarios that sit on the edge or boundary of a concept, making it difficult to definitively categorize. Those include most of the defining attributes, but one of them existing with a significant difference in time, intensity, or extent. Identifying borderline cases might reduce the ambiguity and inconsistencies between cases by clarifying attributes that are basic for the model (22).

Mr. Qian is 70 years old, has right hemiplegia and is living alone. Her right lower limb muscle strength was grade 2 at discharge. Walking or acquiring assistive devices to independently move were his main rehabilitation goals. After the acute care discharge, he was admitted to a rehabilitation facility. He has no particular preference for the exercise regimen. He faces various challenges in making decisions about his physical activity. He is open to trying various options but lacks strong motivation. He always wants to try the higher intensity exercises and repetitive exercise alone but falls into fatigue. He expressed the outcome expectation of motor recovery, but always felt lazy and unable to exercise. He lacks patience and prefers lying on the bed. Nursing staff paid more attention to him, including daily reminders, exercising in a direct supervision environment, and helping him visualize the restoration of motor function. After 2 weeks, he felt the guided exercises by professionals is effective to his motor recovery and perceived its meaningful outcome. Then he became active in exercising and his motor function gradually recovered, but the shoulder pain caused by high-intensity activities still affected him.

Mr. Qian’s case involves the attributes of uncertainty about the type of exercise he prefers. He recognizes the potential benefits of regular physical activity, and sometimes lacks the motivation to engage in structured exercise due to feelings of frustration and fatigue. He is willing to explore different exercise options, but lacks patience in adherence. There is a contradiction between behavioral tendency and patience in adherence. Therefore, nursing staff should adopt nudging strategies to help him achieve exercise goals.



3.3.3 Related case

Related cases are instances that are in some way related to a concept but do not contain all the defining attributes. These help in understanding how the concept under study integrates into the network of concepts surrounding it (22).

Mrs. Sun is 52 years old and has right hemiplegia. Before stroke onset, she was a passionate “square dancing” lead dancer at their local community center square. After that, she was embarrassed by the disability caused by stroke and felt ashamed of meeting familiar people. In the initial phase, she refused to dance ever. She has been undergoing physiotherapy, and her therapist believes that dancing can be therapeutic if done with caution. Mrs. Sun modifies her dance mode to accommodate her post-stroke limitations. Instead of the fast-paced square dancing, she prefers slower dances like the ballroom dance, which requires less rapid movement and provides her with more stability. Her therapist introduced her to Tai Chi, emphasizing its benefits for balance and coordination, and she finds it meditative and beneficial, noticing that some of the movements remind her of dance.

The case of Mrs. Sun is related because it revolves around the attributes of priority of choice and behavioral tendency of a stroke survivor. Nevertheless, unlike the previous case where the individual was ambivalent about returning to a previous activity, Mrs. Sun actively seeks ways to adapt her zeal for dance to her current physical capabilities. The introduction of the exploration of Tai Chi as a complementary exercise adds layers to the concept of exercise preference in the population with stroke, emphasizing the affective priming and the potential for discovering new, beneficial activities post-stroke.



3.3.4 Contrary case

The contrary case, as opposed to the model case, does not contain any of the main attributes of the concept (22). The clear example of not reflecting the concept is described below.

Mr. Li is 72 years old and is affected by left hemiplegia. She lives in the rural area alone. He has a son who is working in a neighboring city. He feels like an burden for his son and has no sense about the motor functional recovery. After acute care discharge, he was transferred to home. He refused to engage in any form of exercise despite being aware of its benefits for him. He has a strong aversion to physical activity and prefers a sedentary lifestyle, sometimes reading books and watching television. Nurses and therapists emphasized the importance of exercise for his recovery and overall health. However, despite having the physical capability to engage in light exercises like walking or stretching, he shows no interest. He often states that he never exercised before the stroke and he does not see why he should start now. The idea of exercising, even mildly, brings up fears of another stroke or injuring himself. He is more comfortable staying in his familiar, sedentary routine.

Unlike the primary concept where stroke survivors have some form of exercise preference (whether clear, ambivalent, or adapted), the case of Mr. Li displays a complete lack of interest in any physical activity as he harbors deep-seated fears or beliefs against exercise post-stroke. No attributes of exercise preference were included in this case. In the daily life activity of Mr. Li’s rehabilitation process, there is no choice, no effort to functional recovery, only the attitude of “1 day passes, 1 day counts.”




3.4 Antecedents and consequences


3.4.1 Antecedents

Antecedents are incidents or events that must exist or occur prior to the concept’s occurrence (22). Concept occurrence is always preceded by antecedents. Those events that occur before the concept’s occurrence include patient-related antecedents, therapy-related antecedents, and environment-related antecedents. Patients’ related antecedent includes individuals’ capacity of mobility (11, 12, 14, 29), self-efficacy (9, 13–15), outcome expectancy (15), cognitive and emotional status (11, 13, 32), education (9, 12), beliefs in the benefits of exercise (13, 29), motivation (11, 21, 30), perception of meaningfulness (26, 29), pain (9), fatigue (13), personality traits (14), adaption (13, 26), and previous experience and habit (12). Therapy-related antecedents include therapeutic relationships with therapists (13, 26, 27), diversity and individualized exercise program (13, 26, 30, 33), and trust in rehabilitation providers (13, 26, 27). Environmental-related antecedents include financial and social support (11–13, 29), family support (13, 29), special incentives (32), and convenience and accessibility (13, 14, 26, 30).



3.4.2 Consequences

Consequences are those events that occur as an outcome of concept’s occurrence (22). The consequences of exercise preference in stroke survivors are classified into the three categories: (i) patient-related, (ii) rehabilitation provider–related, and (iii) rehabilitation service system–related (3, 34, 35). Patient-related consequences include improved adherence to rehabilitation (9, 13, 15), enhanced the level of physical activity (9, 14), promoted motor recovery and quality of life of individuals with stroke (9, 36, 37). Rehabilitation provider–related consequences include providing a personalized regimen (9, 14, 21, 26), job satisfaction (26), professional identify (27), and communication promoting in patients and rehabilitation team (26, 27). Rehabilitation service system–related consequences include promoting the impeccable stroke rehabilitation service system construction (3, 14, 21), improved convenience and accessibility of rehabilitation delivery (34, 38, 39), and decreased in costs and improvement of rehabilitation services (9, 14).

The conceptual structure of the exercise preference in stroke survivors, including the relationships between antecedents, attributes, and consequences, is shown in Figure 2.

[image: Flowchart illustrating relationships between three stages: Antecedents, Attributes, and Consequences. Antecedents include patient-related, therapy-related, and environmental-related factors. Attributes consist of priority of choice, behavioral tendency, affective priming, and patience in adherence. Consequences cover patient-related, rehabilitation provider-related, and rehabilitation service system-related impacts. Arrows connect each stage sequentially.]

FIGURE 2
 Conceptual structure of the exercise preference in stroke survivors.





3.5 Empirical referents

The final step in concept analysis is defining empirical referents for the main attributes of the concept (22). Empirical referents are the categories of real phenomena that prove the occurrence of the concept itself. A problem must be proposed: How can I measure this concept or verify its existence in the real world? Empirical referents are the way in which defining attributes should be determined or assessed. They are not instruments for evaluating concepts (22). The purpose of the definitions of empirical referents is to accelerate the measurement of the concept, discern the concept, and to help the development of research instruments.

Exercise preference reflects value orientation and choice in the process of rehabilitation. Very few studies have been conducted on exercise preference in patients with stroke. Some of the studies only showed exercise preference as part of facilitators and barriers to engaging in exercise or rehabilitation (11, 13, 26), or has been proposed in formulating the rehabilitation regimes (9).

The attributes of exercise preference in stroke survivors are measured using the tools for evaluating post-stroke conditions. Exercise Preference Questionnaire (stroke) (24) consists of 33 questions that are divided into three sections designed to capture exercise preferences and current exercise habits. There are 22 questions regarding different exercise preferences, which contain the domains of exercise with others, degree of structure of exercise program, independence, exercise location, and exertion. The Stroke Exercise Preference Inventory (SEPI) (25) consists of 13 preference items and an optional 9-item module on barriers to exercise participation after stroke. There are 7 exercise preference factors including supervision support, confidence challenge, health and well-being, similar others, exercise context, Home-alone, and music-TV. SEPI is the first stroke-specific tool for evaluating exercise preference in rehabilitation process and can be used in rehabilitation research and practice. Such large individual differences in exercise preference have been found in Bonner’s investigation using SEPI, which may explain the poor uptake and adherence of one-size-fits-all exercise programs.

Based on literature review, the tools for measuring exercise preference in stroke survivors were more concerned with choice and behavior, focusing less on affective priming and patience in adherence. Exercise preference in stroke survivors is associated with not only their attitude and beliefs of patients but also emotional and psychological aspects. Therefore, attention to precise evaluation of this concept and construction of appropriate tools for stroke survivors become essential.




4 Discussion

There are four attributes as a result of the concept analysis derived from the critical literature review: (i) priority of choice, (ii) behavioral tendency, (iii) affective priming, and (iv) patience in adherence. We discuss the meaning and features of each attribute and analyze the antecedents and consequences in depth.

For individuals, engaging in exercise after a stroke is a long-term process that continues beyond hospital to discharge, highlighting the need to learn skills by stroke survivors and adhere to the prescribed rehabilitation regimen. The personalized exercise strategies have been effective in rehabilitation adherence and motor recovery (9, 29, 40). This means a specific exercise choice made by themselves based on what they like or more interested in (classified as “priority of choice” in this analysis). They are provided personalized education and supervision. Vadas et al. (13) showed that clinicians are advised to spend time learning about each individual’s life circumstances, so they can tailor proposed exercise programs to patients’ personal situations, preferences, and needs to have a positive effect on adherence. In an interpretive description qualitative study by Last et al. (26), the interviewed participants stated the following: “I enjoyed the therapy because I could have fun in there, and if the music was on I could dance … it was a happy place for me…,” supporting this attribute. Participants want to be involved in planning and setting goals, which integrate their choice in it (41), so they enjoy and are motivated to engage in physical exercises. People who engaged in an exercise rehabilitation that they did not like show poor adherence and fall into bad mood. “They wanted me to work with the silly putty stuff there … I found that it hurt me more to use it…” (26) Priority of choice is a critical point in the development of stroke rehabilitation regimen and can have a significant impact on adherence.

The second attribute, “behavioral tendency,” may emerge based on the “priority of choice” attribute. Task-specific exercise and repetition or mass practice is the critical principle of an effective exercise program for stroke survivors. How to design the task and exercise schedule to help them willing to be engaged and exercising? Individuals after suffering a stroke prefer exercising in controlled environments (21). In interviews described in the study by Mohd Nordin et al. (42) and Chen et al. (26), the participants gave the following statements: “I wanted to get moving because the physio was so good in hospital… but then when you come home there’s nothing…” “I enjoy giving clarification on how to do the exercises. …she would watch, give some little corrections…,” supporting this attribute. On the contrary, sometimes participants tend to refuse or lack motivation for a specific task of exercise. The interviews described in the study by Last et al. (26) and Tyagi et al. (43) show this: “… they got me to make a sandwich, use the toaster, make coffee—little things like that-they were not challenging at all for me.” “A lot of it is setting up the equipment that we do not want to do. I hate doing it …” Behavioral tendency plays an important role in long-term rehabilitation process, which determines individuals’ behavior intention in a certain exercise mode, including environments, supervision, and support. It also determines whom they want to exercise with, as well as if they want to engage in the exercise or adhere to the rehabilitation regimen (14, 15).

The affective response during exercise is an important factor for long-term exercise adherence (44). If the stroke survivors perceive the exercise or activity as positive and meaningful, they are more willing to perform that exercise or activity. This appeared as the third attribute, “affective priming.” Repeated experiences of core affective reactions (i.e., the degree to which exercise or rehabilitation feels useful or useless) during exercise in stroke survivors and automatic affective valuations would be generated, which influence their decision to engage in exercise behavior (13, 15). In an interview described in the study by Stark et al. (45): “The first time … I managed (it) once, toward the end of the study I managed (it) 15 times in 30 s. It was the highlight of the study.” “We had our fun and we were happy when things got better.” Patients were motivated when they subjectively experienced progress or their caregivers observed the progress. Nevertheless, as the automatic affective valuations are negative, they tend to drop out, as a participant mentioned in an interview by Last, et al.: “No, because … it’s not gonna do nothing for me. I’m not gonna get nothing out of it … I do not think it’s helping me” (26).

The last attribute of exercise preference in stroke survivors was “patience in adherence.” In the rehabilitation process, stroke survivors made a choice of exercise regimen that they like and accept. They engage in a series of activities with a sense of emotional involvement or commitment with a deliberate application of effort (11). As the stroke became chronic, their motivation level declined. Some of them act lazy, as described in a study by Mohd Nordin et al. (42) in focus group discussions: “Initially, I was motivated. After several months, I do not feel that excited anymore.” “I feeling lazy at home…” Bastos et al. (21) pointed out that laziness is the crucial factor that leads to interruption in physical exercise. Some of the patients with more severe disability caused by stroke also weighed their current efforts against future benefits, and thus choose to continue exercising or give up (46). More present-oriented individuals prefer an immediate, smaller reward, as observed by Forgea et al. (11) who reported that short-term conservative goals with an orientation toward physical functioning are preferred by stroke survivors. However, patients more concerned with their future were more likely to exhibit behaviors associated with positive recovery, as described by Chen et al. (30) in a qualitative study: “We wished to view their data in the long run.”



5 Limitations

Exercise rehabilitation after stroke is a long-term, dynamic, and complex process involving many factors. Exercise preference varies between stroke survivors and changes over time (10). Therefore, future research could focus on the different stages of stroke rehabilitation to better understand the exercise preference in stroke survivors and thus provide a more in-depth exploration of exercise rehabilitation after stroke.



6 Conclusion

This study presented an evidence-based and operational definition of exercise preference in stroke survivors and its antecedents, attributes, consequences, and empirical referents. It helped clarify the ambiguous concepts that are used in the context of exercise instead of preference. The operational definition of exercise preference in stroke survivors reflects the patient’s choice, tendency, affective response, and attitude toward engagement in the recommended rehabilitation regimen. Research regarding concept derivation of exercise preference in stroke survivors can help nurses and rehabilitation service providers to understand this concept better and pay more attention to it in the process of rehabilitation to promote individualized exercise regimen and enhance adherence to rehabilitation. In addition, this may facilitate the development of instruments for assessing exercise preference in stroke survivors and the construction of theory-based intervention programs that can improve adherence to exercise rehabilitation.
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Background: The Performance-Oriented Mobility Assessment (POMA) is a reliable instrument for evaluating the mobility (balance and gait) of patients with chronic stroke to manage their risk of falling; however, it has not been validated among Chinese patients with stroke. This study aimed to evaluate the reliability and validity of the Chinese POMA in patients with stroke.
Methods: The POMA was applied to volunteer patients with stroke from the Shanghai MCC Hospital. The patients underwent the Chinese POMA, Berg balance scale (BBS), and timed up and go (TUG) tests on the first day of inpatient treatment. The same physician repeated the tests the next day to assess test–retest reliability, and upon the patient’s discharge from the inpatient department, two different physicians measured inter-rater reliability.
Results: The study involved 76 patients with stroke (age: 62.04 ± 9.76 years; 34.2% female). The results showed that the Chinese POMA had good overall internal consistency (σ=. 875), with a moderate consistency between its two subscales (balance σ = 0.875; gait σ = 0.668). The individual items showed high test–retest (ICC = 0.997) and inter-rater reliability (ICC = 0.988). The content validity test showed high correlations between the Chinese POMA, the BBS (rs = 0.70), and the TUG (rs = −0.75). However, the confirmatory factor analysis suggested that the two-factor model (balance and gait) was mediocre.
Conclusion: The Chinese POMA showed acceptable reliability and validity for evaluating mobility (balance and gait) in Chinese patients with stroke in terms of their risk of falling. However, further evaluation of the two-factor model (balance and gait) is required.
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 stroke; performance-oriented mobility assessment; risk-of-fall; balance; gait; reliability


1 Introduction

According to the latest reports estimating the global prevalence of stroke, the age-standardized prevalence of stroke in China is estimated to be 2% among the Chinese population, accounting for 40% of the world’s stroke cases (1), and the incidence rate is estimated to be 14.48%. This indicates approximately 28 million active stroke cases in China that need treatment and medical care. One of the risk factors for stroke mortality is the risk of falls because patients with stroke often have impaired motor function (2). Consequently, instruments are required to assess mobility and manage the risk of falls in Chinese patients with stroke.

The Performance-Oriented Mobility Assessment (POMA) is suggested to be a reliable instrument for mobility (balance and gait) among patients with stroke (3); it was initially designed to measure mobility (balance and gait) among the elderly (4, 5). The POMA has also been translated and validated in other languages (6, 7). A validation investigation of Turkish and Persian POMA translations was conducted among healthy elderly individuals and yielded high reliability and validity. In both reliability and validity studies, the POMA was measured for internal consistency, test–retest reliability, inter-rater reliability, and content validity in correlation with the Berg Balance Scale (BBS) (8) and the Timed Up and Go test (TUG) (9). Specifically, the BBS is considered a useful instrument for measuring balance ability in patients with stroke (3, 10), and the TUG test is considered to reflect the functional ability and risk of falls in patients with stroke (3, 11). Consequently, these two measurements have been used in previous reliability studies of the POMA as an external reference for content validity.

The POMA has been widely used and translated into many languages and has been recommended by the Chinese Medicine Association to assess mobility for Chinese seniors (12). A formal validation of the Chinese POMA has not been conducted for patients with chronic stroke, which could be a potentially helpful instrument for determining the prevalence of Chinese patients with stroke. The current study aimed to translate the POMA into Chinese and evaluate its reliability and validity using a method similar to that used in relevant research.



2 Method


2.1 Participants

The inclusion criteria were participants who were (1) native Mandarin Chinese speakers, (2) diagnosed with chronic stroke based on brain imaging, (3) able to comprehend the (simplified) Chinese semantic context, and (4) able to walk with aid. The exclusion criteria were participants who (1) had any self-reported history of comorbidities that could not be mobilized, such as osteoarthritis, cerebellar atrophy, or heart disease, or (2) had hearing or cognitive impairment, including those with language comprehension screened with the post-stroke language assessment sets (13). The participants signed up for the experiment as volunteers and did not receive any payment for their participation.



2.2 Procedure and material

The procedure of the current experiment was similar to that of a previous study evaluating the reliability of the POMA among patients with stroke (3), following the COSMIN checklist. The target sample size was estimated using the formula by Bonett (14):

[image: Mathematical formula for sample size calculation: n equals eight times z-squared sub alpha over two, multiplied by the fraction, with numerator as square of one minus rho tilde sub capital I, times square of one plus k minus one times rho tilde sub capital I, and denominator as k times k minus one times w squared, plus one.]

Where (1) n is the target sample size; (2) σ is the significance level (default = 0.05); (3) zσ/22 is the point on a standard normal distribution exceeded with probability at σ/2 (fixed at 1.962); (4) [image: Certainly! Please upload the image you'd like me to create alternate text for.] is the expected intraclass correlation coefficient (ICC); (5) k is the number of instrument scales; (6) w is the desired tolerance width. The calculation was conducted using an online sample size calculator developed for reliability studies (https://wnarifin.github.io/ssc/ssicc.html) based on the above formula (15). Accordingly, previous studies suggested the ICC ranged from 0.75 to 0.97 (6, 7), with no estimated dropping rate. Consequently, we would expect a similar ICC of approximately 0.85 with a 0.1 tolerance width. The calculator estimated a minimum sample size of 23 using the 3 instruments used in the current study. However, validation studies of questionnaires generally require a sample of 5 or 10 times the number of items. In this case, evaluating the 16-item POMA is expected to reach at least a sample of 80, which would be our target.

The participants were recruited from the Rehabilitation Department at Shanghai MCC Hospital based on the inclusion criteria, and they consented and were screened for eligibility by three physiatrists based on the exclusion criteria. Inpatients were registered with a code for their individual hospital beds at administration, and this code was used in the current study to identify participants’ data. The physicians contacted the participants through their bedcode because there were multiple waves of measurements in the current study. Consequently, the researchers were blinded when accessing the data through bed codes and could not access the participants’ personal information during or after the experiment.

The physicians conducting the ratings underwent a structured training program to ensure accurate and consistent administration of the Chinese POMA. The training began with a comprehensive introduction to the assessment tool, including detailed explanations of the balance and gait items. The physicians were then trained to administer each item task step-by-step, led by a senior physiotherapist (YJ). The physicians participated in practical demonstrations by the senior physiotherapist administering the assessment on patients, followed by hands-on practice. During this practice, each physician administered the POMA to individuals simulating stroke-related mobility impairments, receiving real-time feedback from the senior physiotherapist. The focus of the training was on understanding each item’s criteria, correct task execution, and unbiased, objective scoring. Once the physicians and experiment settings were well-prepared, eligible participants underwent the measurements in the following order:

The participants’ gait and balance were measured using the Chinese POMA on the first day of admission to the inpatient department. The Chinese POMA preserves the same structure as the original English version, containing 16 items assessing participants’ gait and balance. The POMA ranges from 0 to 28, including seven items assessing gait ranging from 0 to 12 and nine items assessing balance ranging from 0 to 16. A score of <24 indicates a potential impairment in balance, and a score of <15 indicates a potential risk of falls. An independent physiatrist conducted the assessment by instructing the participants to perform movements on the POMA and scored them from 0 to 2 based on the participants’ performance. The participants rested for 10–15 min after each assessment. The Chinese POMA and the original English versions are attached in the Supplementary material.

Participants were then assessed using the BBS to re-evaluate balance by another independent physiatrist. The BBS consists of 14 items scored from 1 to 4 to assess balance in the elderly with good reliability (8, 16). The scale scores ranged from 0 to 56. Scoring from 0 to 20 indicates poor balance, potentially wheelchaired, and the risk of falls; scoring from 21 to 40 indicates some balance to mobilize with aid and the risk of falls; and scoring from 41 to 56 indicates a fair balance to mobilize without aid. An independent physiatrist instructed the participants to perform movements on the BBS and assessed their performance.

After the BBS, a third independent physiatrist measured the participants’ balance using the TUG test (9, 17). The TUG required the participants to stand up from an armed chair with back support; the chair was 46 cm high, with an arm 21 cm high. Participants were instructed to sit on a chair with arms resting on the chair arms and back supported, stand up upon instruction, walk toward a marked position 3 meters in front of the chair, and walk back to sit on the chair again. An independent physiatrist recorded the participants’ time spent on the test. The test was repeated three times with a 1 to 2-min break. The results are presented as the mean time spent on the three tests.

Each set of ratings takes a long time and requires considerable effort from the patients. Considering ethics and clinical practice, it is impractical to measure the patients twice on the same day, either to rapidly conduct multiple trials in the upcoming days, because it may develop the practice effect that patients would improve their performance with rapid physical assessments (18, 19) or bias the consistency in reliability tests. The same physiatrist measured the Chinese POMA the next day to estimate the test–retest reliability. Test–retest reliability aims to determine the extent to which unchanged scores are the same for repeated measurements (20). However, since the patients were receiving inpatient treatment, it would have been impossible to compare the POMA results from baseline with the results after some period of time because the POMA outcomes would have been improved with the treatment they received. Therefore, the current test–retest reliability used the outcome from the second day of administration to inpatient treatment, which is consistent with another POMA reliability study (3). To determine the inter-rater reliability, two independent physiatrists measured the Chinese POMA again on the first and second days after the participants were discharged from inpatient treatment. Consequently, as summarized in Figure 1, the Chinese POMA was measured four times by two raters (POMA T1, T2, T3, and T4), where two were measured before (POMA T1 and T2) and two after inpatient treatment (POMA T3 and T4), and The BBS and TUG were measured on the first day of administration to the inpatient treatment (after POMA T1).

[image: Flowchart illustrating the process of inpatient treatment assessment. Initially, 80 patients were screened, with 4 excluded, leaving 76 included. On the first day, three physiatrists assessed the patients using POMA, BBS, and TUG. On the second day, Physiatrist A reassessed using POMA. Patients then received treatment for an average of 1.87 months. Upon discharge, patients were reassessed by Physiatrists A and D. The chart also highlights internal consistency, test-retest reliability, content validity, and inter-rater reliability.]

FIGURE 1
 Experiment procedure flow.




2.3 Statistical analysis plan

Statistical analyses were conducted in SPSS v29 with AMOS (IBM Corp., Armonk, NY, USA). The pilot data were entered into the reliability test estimated using Cronbach’s α coefficient to determine its internal consistency and Pearson bivariate correlation with BBS to check for its content validity quickly. Regarding the formal reliability test data, the individual POMA item ratings of four measurements were entered into the reliability test estimated using Cronbach’s α coefficient to determine its internal consistency. Then, the POMA ratings measured by the same physiatrists on the first and second days of patient admission to the inpatient department were entered into the test–retest reliability test estimated using the ICC (POMA T1 vs. T2). ICC absolute agreement was used because the current measurements obtained their own mean score (21) for patients with different stroke severities. The ICC of the test–retest reliability and the standard error of the mean (SEM) were used to calculate the minimal detectable change (MDC) at a 95% confidence interval using the following formula (22):

[image: Formula for minimum detectable change at 95% confidence interval: MDC sub 95% equals 1.96 times the square root of 2 times SEM.]

SEM was expressed using the following formula, where SDtrial 1 refers to the standard deviation of the first trial of POMA (POMA T1):

[image: Formula for Standard Error of Measurement (SEM): SEM equals standard deviation of trial one (SD_trial1) multiplied by the square root of one minus the Intraclass Correlation Coefficient (ICC).]

The POMA ratings measured by two independent physiatrists on the first and second days after patient discharge from the inpatient department were entered into an inter-rater reliability test estimated using the ICC (POMA T3 vs. T4).

After evaluating the reliability, confirmatory factor analysis (CFA) was conducted to evaluate the validity of the two components (gait and balance) of the POMA using SPSS 29 AMOS. A lower Chi2 value indicates a better fit. A value of Root Mean Square Error of Approximation with the 90% confidence interval (RMSEA[90%]) ≤ 0.05 indicates a close fit, RMSEA [90%] between 0.05 and 0.08 indicates a reasonable fit, and RMSEA [90%] between 0.08 and 0.10 suggests a mediocre fit. RMSEA[90%] > 0.10, indicative of a poor fit. Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) close to 1 indicate a good fit, with values ≥0.95 suggesting an excellent fit and values between 0.90 and 0.95 indicating an acceptable fit. Finally, Standardized Root Mean Square Residual (SRMR) ≤ 0.08 indicates a good fit. A lower SRMR suggests a model that better reproduces the observed covariances.

Finally, the POMA results were entered into a Pearson bivariate correlation with the BBS and TUG results to evaluate external construct validity. A Cronbach’s α and ICC range from 0.6 to 0.75 is considered moderate, a Cronbach’s α and ICC range from 0.75 to 0.9 is considered good, and a Cronbach’s α and ICC greater than 0.9 is considered excellent (23, 24). Regarding the correlation between the Chinese POMA, BBS, and TUG, a coefficient range from 0.6 to 0.8 is considered strong, and a coefficient greater than 0.8 is considered very strong (25).



2.4 Ethics statement

The ethics application was submitted and approved by the ethics committee of the Shanghai MCC Hospital (Reference No: ZYLS202001), where the data was collected. Participants provided written informed consent before enrolment in the experiment.




3 Results


3.1 Participants characteristic information

Eighty participants who met the inclusion criteria were recruited. Four participants violated the exclusion criteria and were excluded from the study, leaving 76 eligible participants for analysis, including 50 men and 26 women (34.2% women). Among these, 28 had left hemiplegia and 48 had right hemiplegia. Detailed characteristics of the participants are presented in Table 1.



TABLE 1 Participants’ characteristic information.
[image: Table displaying data on a group of patients with columns for mean (standard deviation) and range. It includes entries for age, stroke duration, inpatient duration, and POMA scores (T1, T2, T3, T4). Notes clarify POMA T1 and T2 refer to initial measurements, and T3 and T4 refer to discharge measurements by different physiatrists. Age range is 29–82 years.]



3.2 Internal consistency

As shown in Table 2, the overall ratings of the Chinese POMA yielded Cronbach’s α from 0.875 to 0.901, suggesting a good internal consistency across four measurements. The balance subscale yielded Cronbach’s α ranged from 0.842 to 0.930, and gait subscales yielded Cronbach’s α ranged from 0.668 to 0.736, suggesting a moderate to good internal consistency across four ratings.



TABLE 2 Internal consistency of the Chinese POMA scale.
[image: Table displaying Cronbach's alpha values for three factors: Balance, Gait, and Overall. Balance scores: 0.930 on day one inpatient, 0.842 day two inpatient, 0.871 post-inpatient days one and two. Gait scores: 0.688 on day one inpatient, 0.668 day two inpatient, 0.717 on day one post-inpatient, 0.736 on day two post-inpatient. Overall scores: 0.879 on day one inpatient, 0.875 day two inpatient, 0.901 post-inpatient days one and two.]



3.3 Test–retest reliability

As shown in Table 3, the overall POMA scale yielded excellent test–retest reliability (ICC = 0.997), with an MDC95% of 1. The balance and gait subscale scores also yielded excellent test–retest reliability (ICC = 0.997, ICC = 0.993, respectively). The individual POMA items yielded a high ICC from 0.878 to 983, suggesting good-to-excellent test–retest reliability.



TABLE 3 Test–retest reliability test.
[image: Table showing test-retest reliability of POMA ratings on two days for balance and gait items. Columns include POMA means, standard deviations, intraclass correlation coefficient, 95% confidence interval, and MDC values. Balance and gait totals are also provided.]



3.4 Inter-rater consistency

As shown in Table 4, the inter-rater reliability tests between the ratings from the two individual physiatrists 2 days after inpatient treatment yielded high intraclass correlation coefficients of the overall POMA ratings (ICC = 0.996), POMA balance subscale (ICC = 0.999) and POMA gait subscale (ICC = 0.988), suggesting a high (post-treatment) inter-rater consistency.



TABLE 4 Inter-rater reliability test.
[image: Table displaying inter-rater intraclass correlation coefficients with 95% confidence intervals for balance, gait, and overall assessment. Balance shows 0.996 [0.994, 0.998], gait 0.999 [0.998, 0.999], and overall 0.988 [0.981, 0.993]. The test involved two independent physiatrists with 76 patients post inpatient treatment.]



3.5 Confirmatory factor analysis

The individual POMA items were entered into a confirmatory factor analysis with goodness-of-fit and maximum likelihood estimation to evaluate their content validity. The first question (item 1 for the balance subgroup) was excluded from the analysis for it had no variance, which all participants reported as “Steady, safe” and scored 1 on the item. As shown in Table 5, the two-factor model yielded a mediocre fit in the RMSEA model (0.095) and an acceptable fit in the CFI model (0.857) or the TLI model (0.831). An SRMR of 0.82 indicated a marginal fit. The CFA results suggested that the constructs of the two subscale components were acceptable. The maximum likelihood estimation is shown in Figure 2.



TABLE 5 Goodness-of-fit statistics for the two-factor models.
[image: Table comparing fit statistics for a two-factor model: Chi-square (degrees of freedom) is 149.407 (89), RMSEA is 0.095 with a 90% confidence interval of [0.068, 0.121], AIC is 211.407, BIC is 283.660, CFI is 0.857, TLI is 0.831, and SRMR is 0.082.]

[image: Diagram showing two constructs: "balance" and "gait," each with associated measurements and error terms. "Balance" is linked to measurements balance2 to balance9, with correlations ranging from 0.58 to 0.79. "Gait" is connected to measurements gait1 to gait7, with correlations from 0.09 to 0.73. Both constructs have an error term of 0.97.]

FIGURE 2
 The maximum likelihood estimation.




3.6 Construct validity

Finally, the Chinese POMA and its subscales were entered into the Pearson correlation coefficient with the BBS and TUG results to evaluate their construct validity. As shown in Table 6, the Chinese POMA and its subscales yielded strong positive correlations with the BBS and negative correlations with the TUG test, suggesting satisfactory construct validity.



TABLE 6 Correlation matrix of the Chinese POMA and subscales with BBS and TUGT.
[image: Table showing correlation coefficients (rs) and significance (ps) between POMA total, balance, and gait scores with the Berg Balance Scale and Timed Up and Go Test. POMA Total T1 has rs of 0.696 with the Berg Balance Scale and -0.752 with the Timed Up and Go Test. POMA Balance T1 has rs of 0.762 and -0.676 respectively. POMA Gait T1 has rs of 0.528 and -0.757 respectively. All p-values are less than 0.001. Measurements are from the first day of administration to inpatient treatment with N equals 76.]




4 Discussion

The current study tested the reliability and validity of the Chinese version of the Performance-Oriented Mobility Assessment (POMA) among 76 patients with chronic stroke (mean age: 62.04 ± 9.76 years; 34.2% female) with similar procedures and material to previous studies (3, 6, 7). The test–retest reliability was assessed on the first and second days of patient administration for inpatient treatment by the same physiatrist, and the inter-rater reliability was assessed on the first and second days of patient discharge from inpatient treatment by two independent physiatrists. The construct validity was measured based on external correlations with the BBS and TUG on the first day of inpatient treatment following the POMA. The results suggested that the Chinese POMA obtained a good overall internal consistency between 0.875 and 0.901 across the trials but a moderate internal consistency of its two subscales (balance and gait) between 0.688 and 0.930. The Chinese POMA showed high reliability between the test–retest trials (ICC = 0.872 to 0.997), an overall MDC95% of one score, and high inter-rater consistency (ICC = 0.988). However, the confirmatory factor analysis suggested a mediocre fit for the two-factor model (balance and gait). Finally, the correlation between the Chinese POMA, BBS, and TUG yielded satisfactory construct validity with moderate to high R coefficients. The details of this process are discussed below.

The overall internal consistency of the Chinese POMA among patients with stroke was good (0.901), consistent with the Turkish (0.88) (6) and Persian (0.94) versions of the POMA (7). Consistency may vary depending on stroke severity. Some motor functions were influenced more among some patients than others, which caused minor inconsistencies between the items. The internal consistency of the POMA in measuring mobility (balance and gait) in patients with stroke has not been reported in a previous reliability study of the original English version (3). Consequently, this study suggests a preliminary result that the Chinese POMA has good internal consistency. Further investigation is required to replicate the internal consistency of the POMA in both Chinese and the original English, measuring mobility (balance and gait) in patients with chronic stroke.

The Chinese POMA obtained good test–retest reliability (POMA overall ICC = 0.997; Balance ICC = 0.997; Gait ICC = 0.993), which is consistent with Turkish (POMA overall ICC = 0.94; Balance ICC = 0.88; Gait ICC = 0.92) and Persian versions of the POMA (POMA overall ICC = 0.97; Balance ICC = 0.95; Gait ICC = 0.96) (6, 7). The Chinese POMA also obtained good inter-rater reliability (POMA overall ICC = 0.996; Balance ICC = 0.999; Gait ICC = 0.988), which is consistent with Turkish (POMA overall ICC = 0.86; Balance ICC = 0.86; Gait ICC = 0.80) and Persian versions of the POMA (POMA overall ICC = 0.92; Balance ICC = 0.90; Gait ICC = 0.90) (6, 7). However, the overall MDC95% of the Chinese POMA was 1 with a standard deviation of 5.4, which was much smaller than the previously estimated English POMA among patients with stroke (3) of 6.0, with a standard deviation of 5.2 and also smaller than the Persian version of 3, with a standard deviation of 6.23 (7). Theoretically, MDC95% should mean a statistical meaning that patients rated the number of points not due to chance but due to an actual change in performance (26). The current results for MDC95% at 1 point should be interpreted with caution because we reported a high ICC of 0.997, which resulted in a very low standard error and led to a low MDC95%. Therefore, the results were likely caused by a bias in the statistical numbers despite all other results being comparable to those of reliability studies in different languages. Future studies should clarify this point by including larger sample sizes.

The construct validity measured using CFA showed a mediocre fit for the current two-factor model (balance and gait). This result is also in line with the previous Persian translation of the POMA (7), although the Turkish validation study did not conduct a factor analysis. The original development of the POMA did not engage in any factor analysis in the first place (4, 5), in which the factors of balance and gait were more theory-based than data-based. However, as Moulodi, Azad (7) suggested, the purpose of the POMA scale reliability is not to investigate a data-driven model with statistical figures but to determine whether it measures mobility. Future studies could investigate more fitted models to evaluate the POMA.

Finally, the Chinese POMA showed moderate-to-high content validity in correlation with BBS (POMA overall rs = 0.696; Balance rs = 0.762; Gait rs = 0.528) and TUG scores (POMA overall rs = −0.752; Balance rs = −0.676; Gait rs = −0.757), similar with Turkish (BBS: POMA overall rs = 0.866; Balance rs = 0.840; Gait rs = 0.770; TUG: POMA overall rs = −0.759; Balance rs = −0.675; Gait rs = −0.772) and Persian versions of the POMA (BBS: POMA overall rs = 0.90; Balance rs = 0.89; Gait rs = 0.85; TUG: POMA overall rs = −0.75; Balance rs = −0.73; Gait rs = −0.73) (6, 7). This is consistent with the results of testing the validity of the original English POMA in patients with stroke (3). This result suggests that the Chinese POMA could provide a valid prediction of fall risk as well as other similar measurements.

This study had two important limitations. First, we included a limited sample size of 76 patients with chronic stroke. Validation studies of questionnaires generally require a sample of 5 or 10 times the number of items, which should be 80 in our case. This number was first reached but dropped 4 patients meeting exclusion criteria. From the statistical approach, the current results obtained high correlation coefficients (r > 0.9), indicating the high statistical power of the tests with a larger sample size than the estimated minimum (14, 15). All available patients met our criteria during the past 2 years. However, 76 patients with stroke may not be enough to be generalized to all chronic stroke populations in terms of their characteristics, such as age (mean = 62.04 ± 9.76 years) and sex (34.2% female). Therefore, this study could not address solid conclusions on whether the POMA is valid among generalised patients with stroke or suggests a minimum score to detect performance changes, which requires future investigation. Second, as explained in the Methods section, considering clinical practice and ethics, the current study assessed inter-rater reliability after the patients were discharged from inpatient treatment. Consequently, the trial reflected post-treatment inter-rater reliability among patients with stroke, although it may diverge from pre-treatment inter-rater reliability. Although a previous study did not raise such a concern with a similar design (3), it would be better to clarify the pretreatment inter-rater reliability of the Chinese POMA in future studies.

In summary, this study examined the reliability and validity of the Chinese version of the POMA in patients with chronic stroke. The results demonstrated good internal consistency, test–retest reliability, inter-rater reliability, and content validity, supported by external correlations. However, the two-factor model of the balance and gait subscale structure revealed only moderate fit. Given these limitations, a cautious conclusion is warranted, defining the reliability of the Chinese POMA within the specific scope of the patient population tested. Future research should focus on further exploring the factorial structure, minimal detectable change (MDC95%), and pre-treatment inter-rater reliability using a more generalized and diverse sample of chronic stroke patients.
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Objective: Although there is a strong correlation between stroke and sarcopenia, there has been a lack of research into the potential risks associated with post-stroke sarcopenia. Predictors of sarcopenia are yet to be identified. We aimed at developing a nomogram able to predict sarcopenia in patients with stroke.
Methods: The National Health and Nutrition Examination Survey (NHANES) cycle year of 2011 to 2018 was divided into two groups of 209 participants—one receiving training and the other validation—in a random manner. The Lasso regression analysis was used to identify the risk factors of sarcopenia, and a nomogram model was created to forecast sarcopenia in the stroke population. The model was assessed based on its discrimination area under the receiver operating characteristic curve, calibration curves, and clinical utility decision curve analysis curves.
Results: In this study, we identified several predictive factors for sarcopenia: Gender, Body Mass Index (kg/m2), Standing Height (cm), Alkaline Phosphatase (ALP) (IU/L), Total Calcium (mg/dL), Creatine Phosphokinase (CPK) (IU/L), Hemoglobin (g/dL), and Waist Circumference (cm). Notably, female patients with stroke exhibited a higher risk of sarcopenia. The variables positively associated with increasing risk included Alkaline Phosphatase, Body Mass Index, Waist Circumference, and Hemoglobin, while those negatively associated with risk included Height, Total Calcium, and Creatine Phosphokinase. The nomogram model demonstrated remarkable accuracy in distinguishing between training and validation sets, with areas under the curve of 0.97 and 0.90, respectively. The calibration curve showcased outstanding calibration, and the analysis of the decision curve revealed a broad spectrum of beneficial clinical outcomes.
Conclusion: This study creates a new nomogram which can be used to predict pre-sarcopenia in stroke. The new screening device is accurate, precise, and cost-effective, enabling medical personnel to identify patients at an early stage and take action to prevent and treat illnesses.
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Introduction

Sarcopenia, a musculoskeletal condition defined by the progressive loss of muscle mass and strength (1), particularly in elderly populations, is a phenomenon that has established itself as a significant medical issue (2). This disorder results in adverse consequences, including falls, functional decline, frailty, and mortality (3). Therefore, it is pivotal to understand sarcopenia's risk factors, strategies to cope, and potential treatments, thereby intensifying the importance of extensive research on this topic. To comprehend the significance of sarcopenia research, one must view this condition not merely as an individual health concern but indeed as a global issue (4). The diagnosis of sarcopenia encompasses decreased levels of muscle strength, muscle quantity or quality, and physical performance. Such musculoskeletal degeneration impairs daily activities and poses a real threat to individual autonomy. However, the disorder's full scope extends beyond the personal level, potentially straining healthcare systems due to the increased burden of care for the elderly (5). Hence, sarcopenia research is vital in mitigating these issues. Stroke and sarcopenia constitute two significant health issues with substantial impacts on older adults' health and quality of life (6). Dynamic is the relationship between stroke and sarcopenia—the loss of muscle mass and strength—commonly seen in the elderly population (7). Despite the growing body of scientific literature exploring these two conditions separately, comprehensive research examining their interplay is needed to fully grasp how they influence one another (8–10). Stroke often leads to varying degrees of disability due to motor impairments and can interfere with a patient's functional ability, both of which can exacerbate sarcopenia's progression (11). This sarcopenic progression following stroke has been associated with poorer recovery outcomes and increased disability (12). Substantial attention should be directed toward the stroke and sarcopenia relationship to fully understand and effectively address these underlying mechanisms (11). Patients who experienced stroke often exhibit significant muscle changes, including muscle atrophy and increased intramuscular fat on the side of the body affected by the stroke (13). Research by Aydin et al. (14) indicates that these muscle alterations might serve as a link to post-stroke sarcopenia and reinforces the importance of further research. Given that sarcopenia is characterized by functional deficits, it can substantially interfere with post-stroke rehabilitation (8). Limited muscle strength and mass may negatively influence a patient's ability to participate in rehabilitation activities, ultimately affecting recovery outcomes (15).

Recent research has indicated that sarcopenia can be reversed or prevented, implying that stroke patients suffering from sarcopenia are likely to experience positive outcomes from timely diagnosis and intervention, particularly during the initial phase of sarcopenia (16). Nevertheless, the assessment of skeletal muscle mass is exceedingly restricted, necessitating the utilization of specialized apparatus like dual-energy X-ray absorptiometry (DXA), bio-impedance analysis (BIA), X-ray computed tomography (CT), or magnetic resonance imaging (MRI) (17).

In recent years, predictive models have been developed to assess the risk of sarcopenia in general populations, often leveraging demographic, biochemical, and hematological parameters (18). Nomograms, for instance, have become increasingly valuable as visual prediction tools, translating complex statistical models into practical applications for clinicians (19). These models have demonstrated accuracy in estimating sarcopenia risk and guiding early interventions in general healthcare settings (20, 21).

However, in the context of stroke patients, research on sarcopenia prediction is relatively sparse, despite the high prevalence and impact of sarcopenia in this population. Stroke survivors are at particular risk due to the compounded effects of neurological impairments and prolonged immobility, which can accelerate muscle atrophy (22). While some studies have examined predictors of functional decline post-stroke (23), few have applied predictive modeling approaches, such as nomograms, specifically tailored to forecast sarcopenia risk in this group (24, 25). This gap indicates a need for targeted tools that could support timely interventions in stroke recovery settings.

In light of this, our study aimed to develop and validate a nomogram to predict sarcopenia risk in stroke patients using data from the National Health and Nutrition Examination Survey (NHANES). This tool incorporates key predictors identified through Lasso regression analysis, enabling clinicians to assess sarcopenia risk more effectively and personalize care in post-stroke management. The hypothesis of this study is that in stroke patients, sarcopenia risk can be effectively predicted based on specific demographic and biochemical indicators using a constructed nomogram model.



Methods


Data source and study population

In this study, we gathered data from NHANES, a comprehensive survey conducted by the esteemed National Center for Health Statistics (NCHS), which falls under the Centers for Disease Control and Prevention (CDC). It aims to assess the health and nutritional status of adults and children in the United States. NHANES uses a complex, multistage, probability sampling design to select a representative sample of about 5,000 participants each year from 15 counties across the country. The flowchart for the research is shown in Figure 1. From 2011 to 2018, the NHANES data encompassed a total of 29,902 individuals. With the exception of individuals who did not experience a stroke, a total of 913 individuals remained. The number of people linked using Respondent sequence number (SEQN) is 238 because there are fewer people with laboratory examinations in the NHANES database than those with questionnaires. After removing samples with a missing rate of more than 10%, 209 individuals were still present. Due to the fact that removing all samples with missing values will render the research unfeasible, multiple imputation techniques are employed to complete missing values for samples with fewer missing values. The effectiveness of random forests in multiple imputation methods has been confirmed by studies (26, 27), so this article uses multiple imputation methods. Utilizing a random forest methodology for interpolation. The process is shown in Figure 1.


[image: Flowchart detailing patient selection and data processing for NHANES data from 2011 to 2018. Starting with 29,902 participants, those without stroke data are excluded, leaving 913. SEQN is used to link additional data, reducing the number to 238. Patients with missing values over ten percent are excluded, resulting in 209. Missing values are filled using multiple imputation with Random Forest. The final dataset includes 209 patients.]
FIGURE 1
 Flow chart for screening research samples. NHANES, National Health and Nutrition Examination Survey; DXA, Dual energy x-ray absorptiometry; SEQN, Respondent sequence number.




Measurements and definition of sarcopenia

The NHANES dataset utilized DXA to measure body composition, employing the Hologic QDR-4500 A fan beam densitometer, a dependable device produced by Hologic, Inc., situated in Bedford, MA, USA. To acquire a thorough collection of DXA findings, we amassed data files encompassing the period from 2011 to 2018 within NHANES. The metric of appendicular skeletal muscle mass (ASM), which measures the combined lean mass of the arms and legs, is widely accepted in clinical practice. In order to carry out our analysis, we utilized the skeletal muscle mass index (SMI), a metric endorsed by the Foundation for the National Institutes of Health (FNIH) Sarcopenia. SMI entails modifying ASM based on body mass index (BMI) (28). Our research revealed that men with a SMI of <0.789 or women with a SMI of <0.512 had a low muscle mass, thus satisfying the criteria for sarcopenia (29).



Procedure

The dataset was partitioned into training and validation sets using a random allocation method, ensuring an equitable split of 5:5 proportions. The judgment of stroke in patients in this study comes from a questionnaire in the NHANES database. The question is “Has a doctor or other health professional ever told {you/SP} that {you/s/he}...had a stroke?” Additional variables include gender, age, BMI, height, weight, waist circumference, race, complete blood cytology, and biochemical tests. Race is divided into four categories: Mexican American; non-Hispanic white; non-Hispanic black, and others. BMI is defined as body weight (kilograms) divided by height (meters) squared.



Statistical analysis

The descriptive statistics included both continuous and categorical variables. The continuous variables were subjected to group comparisons using either the t-test or the Wilcoxon rank-sum test. The chi-square test and Fisher's exact test were used to compare the categorical variables. Initially, the predictors underwent preliminary screening using LASSO regression in the development set. The LASSO analysis reduced the regression coefficient of variables to zero through the implementation of a penalized coefficient of Lambda. It disregarded variables that had no regression coefficients and chose variables that had no regression coefficients. The variables that were chosen were found to have the strongest association with post-stroke sarcopenia. Subsequently, the training set was used to create a prediction model through multivariate logistic regression analysis. The model was used to determine the score of each predictor. The model was visualized through the use of a nomogram. Lastly, the receiver operating characteristic (ROC) curve analysis was used to assess model discrimination. Area under the curve (AUC) values of 0.75 or higher were indicative of strong discrimination (30). The accuracy of the prediction was evaluated through the use of calibration plots. Calibration plots are a valuable tool for evaluating the accuracy of predictive models, including nomograms. They help determine how well predicted probabilities align with actual observed outcomes. A well-calibrated model will provide predicted probabilities that closely match the actual incidence of the event of interest (31). Decision curve analysis (DCA) was utilized to estimate the clinical utility (32). The test set was used to validate the nomogram. All tests employed a two-tailed approach, with a p-value of 0.05 or less indicating statistical significance. We used R statistical software (version 4.3.2) to carry out statistical analysis, and the nomogram was created with the help of the “nomogramFormula” package, authored by Zhi, J and Jing, Z.




Results


Patient characteristics

In this study, 209 people were included, with 33 having sarcopenia after stroke and 176 having non-sarcopenia after stroke, making up 15.8% of the total. The mean age of patients without sarcopenia (48.7 + 9.54) and those with sarcopenia (51.4 + 7.69) exhibited no significant statistical difference. Out of the non-sarcopenic population, 41.5% were female and 58.5% were male, whereas in the sarcopenic population, 42.2% were female and 57.6% were male. The sarcopenic and non-sarcopenic groups significant statistical differences in other demographic attributes such as race, BMI, weight, height, and waist circumference. Furthermore, Table 1 displays Baseline characteristics, and the biochemical analysis and a comprehensive array of blood test markers showed in the Supplementary material.


TABLE 1 Baseline characteristics of study patients with stroke.

[image: Table comparing variables between non-sarcopenia (176 participants) and sarcopenia (33 participants) groups. Gender distribution is similar, with 41.5% males in non-sarcopenia and 42.4% in sarcopenia. Average age is 48.7 for non-sarcopenia and 51.4 for sarcopenia, with a p-value of 0.074. Significant racial differences include more Non-Hispanic Whites in the sarcopenia group (48.5% vs. 35.2%). Significant differences in BMI, weight, height, and waist circumference with p-values less than 0.001.]



Predictors of post-stroke sarcopenia

This study established a LASSO regression model for 68 variables screened from the NHANES database. Variables were centralized and normalized by 10-fold cross-validation. According to Figure 1, we filter variables based on the binomial deviance of log (λ). Selected predictors were Gender, Race, Body Mass Index (kg/m**2), Standing Height (cm), Alkaline Phosphatase (ALP) (IU/L), Total Calcium (mg/dL), Creatine Phosphokinase (CPK) (IU/L), Hemoglobin (g/dL), and Waist Circumference (cm). Secondly, to avoid the curse of dimensionality in the model, we eliminated the race variable and included the remaining eight variables to build a multiple logistic regression model (Figure 2).


[image: A two-panel visualization. Panel A shows a line plot of coefficient paths against Log Lambda, with diverse colored lines converging towards the right. Panel B displays a plot of deviance versus Log Lambda, with a red line representing the mean deviance and grey error bars indicating variability.]
FIGURE 2
 LASSO regression model for 64 variables. (A) The figure illustrates the variation in coefficient for each variable. The coefficient value is represented by the ordinate, while the lower abscissa corresponds to log (λ), and the upper abscissa signifies the count of non-zero coefficients in the current model. (B) After performing a 10-fold cross-cross validation fitting, the model was chosen. The best option is to select the lowest value with a standard deviation of one.




Nomogram in patients with post-stroke sarcopenia

A nomogram was constructed to predict the risk of sarcopenia in patients with stroke. This model contained eight predictors: Gender, Body Mass Index (kg/m**2), Standing Height (cm), Alkaline Phosphatase (ALP) (IU/L), Total Calcium (mg/dL), Creatine Phosphokinase (CPK) (IU/L), Hemoglobin (g/dL), and Waist Circumference (cm) (Figure 3). For example, A man who is 1.55 meters tall has a BMI of 27 and a waist circumference of 110 centimeters. His blood laboratory tests were Total Calcium 8.9 mg/dL, Hemoglobin 16 g/dL, Alkaline Phosphatase 300 IU/L, and Creatine Phosphokinase 600 IU/L. The corresponding score of each predictor was 10 points, 15 points, 29 points, 40 points, 30 points, 78 points, 25 points, and 13 points respectively. His total score was 250 points. It indicated that the risk of sarcopenia was 70% in patients with stroke.


[image: A nomogram with scales for predicting risk based on multiple factors: Body Mass Index, Waist Circumference, Gender (female, male), Total Calcium, Hemoglobin, Height, Alkaline Phosphatase, Creatine Phosphokinase, and their corresponding points. Total Points indicate risk levels from zero to three hundred.]
FIGURE 3
 Nomogram for predicting sarcopenia in stroke patients. A certain score is indicated by each level of predictor. The score of each predictor was summarized to generate a total score. The overall score aligns with the likelihood of sarcopenia.




Performance and validation of the nomogram

The findings indicated that the anticipated results closely aligned with the observed outcomes. The ROC curve in the training set exhibited a strong ability to distinguish (AUC: 0.97; 95% CI: 0.94–0.99) (Figure 4A). The model's ability to discriminate was confirmed in the test set (0.90; 0.82–0.98) (Figure 4B). Additionally, the calibration curve analysis revealed a strong correlation between the anticipated probabilities and the observed sarcopenia after stroke in both the training and test sets (Figure 5). DCA demonstrated the clinical usefulness of this model (Figure 6).


[image: Two ROC curve plots compare nomogram models. Plot A shows an AUC of 0.91 with a confidence interval of 0.84 to 0.99. Plot B shows an AUC of 0.87 with a confidence interval of 0.79 to 0.95. Both curves are above the diagonal, indicating good model performance.]
FIGURE 4
 ROC curve and AUC of the predictive model. (A) The ROC in the development set. (B) The ROC in the validation set. ROC, receiver operating characteristic; AUC, area under the curve.



[image: Two calibration plots labeled A and B compare the predicted probability to the observed probability. Both plots feature three lines: apparent, bias-corrected, and ideal, showing the difference between predicted and actual data alignment. The x-axis represents predicted probability, while the y-axis represents observed probability, ranging from 0 to 1.]
FIGURE 5
 (A) The nomogram for sarcopenia in the training set was calibrated using a curve. (B) The nomogram for sarcopenia in the validation set was calibrated using a curve. The X-axis depicts the anticipated likelihood, while the Y-axis signifies the factual ratio. The ideal model's best prediction is denoted by the diagonal dotted line. The nomogram's uncorrected performance is depicted by the apparent line, whereas the bias-corrected performance is depicted by the solid line.



[image: Two line graphs labeled A and B depict the net benefit against high-risk thresholds. Both graphs compare three lines: Nomogram, All, and None. The Nomogram line is consistently higher, suggesting it provides greater net benefit over varying thresholds. The All and None lines are relatively flat and lower. Graph A shows a more gradual decline, while Graph B has more variability, particularly after the 0.5 threshold.]
FIGURE 6
 DCA of the nomogram. (A) The train set was occupied by the DCA. (B) The validation set includes DCA. The patient refrains from applying the nomogram, resulting in no net benefit, as depicted by the black-solid line; conversely, the gray-solid line indicates that all patients receive treatment based on the nomogram. The three lines enclosing the area demonstrate the practicality of the nomogram. Examining the Decision Curve of the Decision-Making Process.





Discussion

This study aimed to develop a nomogram to predict sarcopenia risk in post-stroke patients using demographic and biochemical factors. Key findings identified eight predictive factors: Gender, BMI, Standing Height, ALP, Total Calcium, CPK, Hemoglobin, and Waist Circumference. The model demonstrated high accuracy, with AUC values of 0.97 and 0.90 for the training and validation sets, respectively, showing strong predictive power. Calibration and decision curve analyses further supported the model's reliability and clinical utility, suggesting it can aid in early sarcopenia intervention for stroke patients.

Personalized patient management in post-stroke care represents a core aspect of modern healthcare, particularly in the context of comorbidities such as sarcopenia, a progressive skeletal muscle disorder involving the accelerated loss of muscle mass and function (33). Current research on the development of a nomogram prediction model for sarcopenia risk in hemodialysis patients indicates promising avenues for post-stroke patients (34). The development of a nomogram predicting the risk of sarcopenia introduces a mathematical model than enhances clinical decision-making (35). This prediction model incorporates variables such as age, C-reactive protein, serum phosphorus, BMI, and mid-upper arm muscle circumference, thus offering a multidimensional risk assessment for sarcopenia in post-stroke patients (34). Such comprehensive data can aid in the early identification of high-risk patients, thus enhancing proactive patient management and potentially mitigating adverse outcomes. The introduction of a nomogram prediction model for post-stroke sarcopenia presents a potential paradigm shift in patient management. Early risk stratification and identification of sarcopenia can lead to early interventions, reducing the major complications associated with sarcopenia and improving stroke recovery outcomes (36). Further empirical research examining the statistical and clinical validity of the nomogram prediction model for post-stroke sarcopenia will offer significant contributions to stroke management. By aligning clinical practice with personalized medicine insights, we can optimize post-stroke patient outcomes, particularly concerning comorbid sarcopenia.

These Asian studies have often found high rates of sarcopenia linked to lower physical activity levels, malnutrition, and metabolic factors, such as low serum albumin and hemoglobin, particularly among post-stroke patients. This aligns with our findings where factors like Hemoglobin and biochemical markers (e.g., ALP, CPK) were significant predictors of sarcopenia. Asian research has also identified sarcopenic obesity, which reflects the complex interaction between high BMI and muscle loss—similarly seen in our study where BMI was a predictor despite obesity traditionally being a protective factor (37).

However, specific gender-related factors influencing the development or progress of this condition remain a topic of interest. Due to gender-based differences in muscle mass and hormonal influences, the overall natural history of sarcopenia may vary (33). This discrepancy emphasizes the necessity to examine gender-based differences in the incidence and progression of post-stroke sarcopenia. To address gender-based hormonal differences in sarcopenia, researchers and clinicians should adopt gender-specific approaches. Prediction models should use gender-specific baselines for muscle mass and strength, and clinical evaluations may include hormone monitoring to understand individual risk better. Tailored exercise and nutrition programs—resistance training for men and estrogen-supportive interventions for postmenopausal women—can address these differences effectively. Additionally, more gender-specific longitudinal studies are needed, and clinician education should focus on recognizing and addressing these disparities, ensuring more personalized and effective sarcopenia management. Recognizing these differences can potentially foster enhanced rehabilitation strategies, promoting improved outcomes in stroke patients. This study confirms that gender is the main factor influencing the occurrence of sarcopenia in post-stroke patients.

Contrary to the notion that higher BMI corresponds to a lower risk of sarcopenia, findings propose the existence of sarcopenic obesity, suggesting the complex interplay between BMI and sarcopenia (38). The concept of sarcopenic obesity highlights a paradox where individuals have both high body mass index (BMI) and low muscle mass (39). This can be explained by the fact that BMI does not differentiate between muscle and fat, meaning a person can appear to have adequate or excess weight while actually experiencing muscle depletion (40). Sarcopenic obesity often involves a high proportion of body fat with reduced muscle mass and quality, impacting physical function and metabolic health (41). In stroke patients, sarcopenic obesity is particularly relevant (42). Stroke survivors often experience decreased mobility, leading to muscle wasting and increased fat accumulation due to prolonged physical inactivity and metabolic disruptions (43, 44). Additionally, neurological impairments can hinder rehabilitation efforts, compounding muscle atrophy while promoting weight gain if caloric intake remains the same or increases due to stress-related eating patterns (45, 46). This combination may contribute to poor outcomes, as muscle loss impairs mobility and recovery, while excess fat increases the risk of cardiovascular complications and insulin resistance. These findings have implications for interpreting our results, as BMI alone may mask the underlying muscle loss in post-stroke patients. In our study, higher BMI was a predictor of sarcopenia, likely reflecting sarcopenic obesity. This reinforces the need to assess both muscle and fat composition in clinical settings to accurately evaluate sarcopenia risk in stroke patients, as BMI alone could misclassify at-risk individuals. Recognizing sarcopenic obesity allows for a more comprehensive approach to managing post-stroke recovery by targeting both muscle preservation and body composition improvements through tailored interventions.

While height's influence on post-stroke sarcopenia remains unclear, it forms part of the sarcopenia diagnosis, with height-based cut-off points established for muscle mass (47).

Waist Circumference, a proxy for abdominal adiposity, seems contradictory in the context of sarcopenia, with some research showing no significant association (38). Recognizing the associations between these physiological parameters and post-stroke sarcopenia may enhance our understanding of sarcopenia's multifaceted nature and broaden the horizon for therapeutic interventions. Future research should address these variables in a combined or sequential manner to uncover the overlapping and unique contributions each makes toward post-stroke sarcopenia.

The regulation of ALP, Total Calcium, CPK, and Hemoglobin within the body may influence post-stroke sarcopenia development. While aberrant ALP levels mark liver damage or bone disorders (48), their role in sarcopenia remains unexplored. Studies indicate that calcium signaling has a key role in muscle function (49), potentially influencing sarcopenic progression. Similarly, CPK, a measure of muscle destruction, may correlate with post-stroke sarcopenia (50). Lastly, Hemoglobin, indicative of anemia status, may affect sarcopenia as muscle oxygenation can impact muscle function (51).

This study presents several notable strengths. Firstly, the development of a nomogram for predicting sarcopenia in stroke patients fills a critical gap in the existing literature, addressing the correlation between these two conditions. The use of the NHANES dataset enhances the generalizability of the findings, as it reflects a diverse population. The employment of Lasso regression analysis allows for the identification of key predictive factors, ensuring a robust selection of variables. The model's high discrimination ability, indicated by area under the curve (AUC) values of 0.97 and 0.90 for training and validation sets respectively, demonstrates its potential clinical utility. Additionally, the study's calibration and decision curve analysis suggest that the nomogram could lead to significant improvements in clinical outcomes, making it a valuable tool for early identification and intervention in at-risk patients. Despite these advantages, the study does have some limitations. The reliance on a secondary data source may introduce biases associated with the dataset, including potential confounding variables that were not accounted for. Furthermore, the study's cross-sectional design limits the ability to infer causation between the identified predictors and the onset of sarcopenia. The sample size, while adequate for a preliminary analysis, may not fully capture the complexity of the relationship between stroke and sarcopenia across different demographic groups, particularly in underrepresented populations. Additionally, the clinical applicability of the nomogram in real-world settings requires further validation through prospective studies.

Future research should focus on several key areas. Longitudinal studies are needed to establish causative relationships between the identified risk factors and sarcopenia in stroke patients. Expanding the research to include diverse populations will enhance the nomogram's applicability across different demographics. Investigating the biological mechanisms underlying the relationship between stroke and sarcopenia could provide deeper insights into effective prevention and treatment strategies. Finally, exploring the integration of the nomogram into clinical practice, alongside patient outcomes, would be essential for assessing its real-world impact on healthcare delivery, and patient management.



Conclusion

This study successfully developed and validated a nomogram for predicting sarcopenia risk in stroke patients based on key demographic and biochemical factors. The findings indicate that factors such as gender, BMI, and biochemical markers like ALP and hemoglobin significantly contribute to sarcopenia risk. By implementing this model in clinical practice, healthcare providers can identify at-risk patients earlier and tailor interventions to prevent or manage sarcopenia, thus enhancing overall recovery and quality of life for stroke survivors.
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Purpose: The relationship between serum albumin levels and severe limitations in ADLs among stroke patients remains unclear. Specifically, the dose–response relationship between the two needs further exploration. This study aims to provide further results.
Materials and methods: This study examined cross-sectional data from patients aged 18 years or older with a diagnosis of stroke confirmed by cranial CT or MRI within 24 h of admission, gathered from January 2020 to August 2022. Data included serum albumin levels, Barthel Index scores recorded after admission, and other essential variables.
Results: The study comprised 2,393 stroke patients. After adjusting for confounding factors, the multivariate analysis revealed a 7% decrease in severe impairment of ADL after stroke for every unit (g/L) increase in serum albumin levels. Compared with individuals with lower serum albumin levels (Q1: ≤ 37.4 g/L), the adjusted odds ratios (OR) for severe of ADL impairment among stroke patients in Q2 (37.4–40.21 g/L), Q3 (40.21–42.80 g/L), and Q4 (≥42.8 g/L) were 0.68 (95% CI: 0.4–1.15, p = 0.148), 0.55 (95% CI: 0.32–0.97, p = 0.04), and 0.64 (95% CI: 0.37–1.15, p = 0.139), respectively. The relationship between serum albumin and severe impairment of ADLs in stroke patients showed an L-shaped curve (non-linear, p = 0.002), with an inflection point at 38.0 g/L. The OR for significant impairment of ADLs was 0.680 (95% CI: 0.568–0.814, p < 0.001) in participants with serum albumin levels <38.0 g/L. However, when serum albumin levels were greater than or equal to 38.0 g/L, the severe impairment of ADLs no longer decreased with rising serum albumin levels.
Conclusion: In summary, an L-shaped connection with an approximate inflection point of 38.0 g/L was found between blood albumin levels and significant ADL impairment in stroke patients. The results of this study suggest that increasing serum albumin levels can significantly help improve the severity of ADL impairment in stroke patients, particularly those with serum albumin levels below 38.0 g/L.
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Introduction

Stroke is the second most common cause of death globally, accounting for over 5.5 million deaths annually (1, 2). While significant advancements have been made in the treatment of stroke, the majority of patients continue to experience disability, significantly impacting their functional independence and quality of life (3). The China Stroke Surveillance Report 2021 estimates that 17.8 million adults in China had a stroke in 2020, with 2.2 million of them having disability as a result of the stroke (4). Stroke results in impairment-related functional limits that might make it difficult to do ADLs without guidance, support, or physical aid (5, 6). Thus, stroke has been the primary global cause of acquired disability in adults, and its prevalence is expected to rise (7).

Serum albumin level is a key biochemical marker of nutritional status (8–11). Lower serum albumin levels in patients indicate inadequate nutritional status and impaired physiological performance. Research suggests a connection between serum albumin and ADL (12). Specifically, Low serum albumin levels increase the risk of ADL limitation. Meanwhile, Serum albumin levels and the risk of stroke were negatively correlated (13). Zhou et al. found that hypoproteinemia was associated with neurological recovery status and mortality outcomes in patients with acute ischemic stroke or transient ischemic attack (14), but there were no outcome-related studies on ADL limitations. Improvements in nutritional status were independently associated with enhanced ADL performance during inpatient rehabilitation in older patients with malnutrition (15).

However, the association between serum albumin and severe ADL impairments in stroke patients has yet to be investigated. To fill this knowledge gap, we evaluated the relationship between severe ADL limits and serum albumin levels, as well as the dose–response relationship between the two, in stroke patients.



Materials and methods


Study population

This study used a cross-sectional design to gather stroke patients who were admitted to Shanghai East Hospital between January 2020 to August 2022. It comprised patients (18 years of age or older) whose diagnosis of stroke was verified by cranial CT or MRI within 24 h of admission.

Patients without a reported Barthel Index score at admission or those whose serum albumin levels were not tracked were excluded. Figure 1 illustrates the patient selection process. The cross-sectional study was reported concerning the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines and approved by the Shanghai East Hospital Ethics Committee (No. 2024055). As a retrospective cross-sectional study with anonymous data collection, informed consent was not required. All procedures and methods followed the World Medical Association’s Declaration of Helsinki on Human Experimentation ethics.

[image: Flowchart showing the selection process for stroke patients. Initially, 3365 patients were considered. Exclusions were made for patients with incomplete Barthel Index Scores (73 excluded) and incomplete Serum Albumin data (899 excluded), resulting in 2393 patients. These were further categorized into patients with severe ADL impairment (446) and no severe ADL impairment (1947).]

FIGURE 1
 The study’s flow diagram.




General data collection

Participants´ demographic and lifestyle data was gathered. Individual anthropometric information was entered into the hospital’s electronic medical record system, including height, weight, sex, and age. In summary, these anthropometric measurements were taken at the time of the patient’s hospital admission during their physical examinations. Weight and height assessments followed the World Health Organization’s guidelines. Weight (kg) divided by height squared (m2) yielded the body mass index (BMI). There were two categories for smoking status: “current or ever smoking” and “current or ever drinking” for drinking status. A history of documented hypertension or blood pressure of at least two instances of ≥140 mmHg (systolic) or ≥ 90 mmHg (diastolic) following the acute phase of a stroke was used to diagnose hypertension. Information on diabetes, coronary heart disease, atrial fibrillation, cancer, and previous stroke history was extracted from the electronic medical records.

The National Institute of Health Stroke Scale (NIHSS) was used to evaluate the severity of the stroke at the time of admission (16, 17). The TOAST criteria classified ischemic strokes into five subtypes: large-artery atherosclerosis, small-vessel occlusion, cardioembolism, stroke with another identified etiology, and stroke with unknown etiology (18). Additionally, Serum albumin level was measured using a Roche analyser within 24 h of the onset of stroke. Serum albumin levels are measured using the bromocresol green (BCG) method, based on the principle that albumin specifically binds to the dye bromocresol green under acidic conditions, resulting in a color change that is quantified spectrophotometrically. The method is widely used and economical; when obtaining serum samples from patients, ensure that they are free from hemolytic, lipemic, or jaundiced interference to ensure the accuracy of the measurement.

Activities of daily living (ADL) comprise the basic actions that involve caring for one’s self and body, including personal care, mobility, and eating. The Barthel Index (BI) is a widely used scale for assessing a patient’s ability to perform basic activities of daily living (ADLs). It was first developed in 1965 by Dorothea Barthel and Florence Mahoney in the United States (19). The index evaluates ten functional areas, including feeding, bathing, dressing, toileting, mobility, walking, stair climbing, and bowel and bladder control (20, 21). The total score ranges from 0 to 100, with higher scores indicating greater independence in daily activities. The Barthel Index is extensively used to assess functional status in various conditions, particularly in the study of Stroke (22), Spinal Cord Injury (23), Dementia (24), and Parkinson’s Disease (25). Several previous studies in China have also used BI to assess ADL capacity in stroke patients (26, 27).

Previous studies have further categorized subjects into two groups based on activities of daily living (ADL): those with a high ADL score of 40 or more and those with a low ADL score of 40 or less (28). When any patient’s Barthel score is less than 40, it means that neither their mobility abilities nor ability to feed themselves, groom themselves, or control their sphincters are autonomous (29). The patient cannot perform daily tasks independently and relies on assistance from others. This level of impairment is defined as severe impairment of activities of daily living.



Statistical analysis

Every patient was the subject of a descriptive analysis. Numbers (percentages) were used to express categorical data, and depending on the distribution, continuous data were shown as the median (interquartile range) or the mean ± standard deviation. To evaluate differences among groups, one-way analysis of variance (for normally distributed data), Kruskal–Wallis tests (for non-normally distributed data), and chi-square tests (for categorical variables) were performed. The odds ratios (OR) and 95% confidence intervals (CIs) for the association between serum albumin and severe impairment of ADL in stroke patients were calculated using logistic regression models. Model 1 was calibrated for BMI, age, sex, drinking, and smoking status. Age, sex, BMI, drinking and smoking status, hypertension, diabetes, cancer, atrial fibrillation, coronary heart disease, and history of stroke were all taken into account while adjusting Model 2. All of the variables from Model 2 were included in Model 3, along with TOAST classification and NIHSS.

Additionally, after controlling for the factors in Model 3, we used restricted cubic spline (RCS) regression to analyze curvilinearity and investigate the dose–response association between serum albumin and severe ADL impairment. To evaluate the association threshold between serum albumin and severe ADL impairment after stroke, we employed a smoothed binary logistic regression model. Likelihood ratio tests and bootstrap regression were used to identify significant inflection points in this relationship.

Furthermore, we investigated several variables that could alter the association between serum albumin and severe ADL impairment following a stroke. The variables that were analyzed were sex; age (less than 60 years old versus more than 60 years old); BMI (less than 25, 25–29.9, versus more than 30 kg/m2); smoking and drinking status (yes or no); hypertension (yes or no); diabetes (yes or no); and TOAST classification (large-artery atherosclerosis, small-vessel occlusion, cardioembolism, stroke with another identified etiology, and stroke with unknown etiology).

Using multivariate logistic regression, we assessed subgroup heterogeneity, and the likelihood ratio test examine interactions between subgroups and serum albumin.

To examine the robustness of the results, we did a sensitivity analysis by interpolating the NIHSS, which had a high number of missing data, using median values. No, a priori statistical power analyses were carried out because the sample size was established exclusively using the data that were available data. R version 4.3.11 and Free Statistics version 1.8 were used for all analyses. A descriptive study was carried out on each individual. A two-tailed p-value of less than 0.05 was specified as statistically significant.




Results


Study population

The study initially included 3,365 stroke patients. Among these, 73 patients were eliminated due to missing data on ADL, whereas 899 patients were omitted due to missing albumin levels. As a result, this cross-sectional study comprised 2,393 patients from Shanghai East Hospital from 2020 to 2022. Figure 1 provides a detailed illustration of the selection process, depicting both inclusion and exclusion criteria.



Baseline characteristics

Table 1 summarizes all subjects´ baseline characteristics, classified by serum albumin quartiles.



TABLE 1 The baseline characteristics by categories of serum albumin.
[image: Table showing the characteristics of a study population divided into quartiles (Q1 to Q4) based on an unspecified variable. It includes data on sex, age, BMI, Barthel Index Score, NIHSS, and various health conditions such as hypertension, diabetes, coronary heart disease, atrial fibrillation, and cancer. It also provides information on history of stroke, smoking and drinking status, and TOAST classification. Each characteristic is analyzed for statistical significance with a p-value provided.]

The average age of the patients was 69.6 ± 11.6 years, with 1,538 (64.3%) being male. Patients with higher serum albumin levels were younger, male, had a slightly higher BMI, higher BI scores, lower NIHSS scores, had a history of hypertension, no history of coronary heart disease and atrial fibrillation, were non-smokers, and had atherosclerosis according to the TOAST classification. The four groups had significant differences in sex, age, BMI, Barthel Index Score, NIHSS, Hypertension, Coronary heart disease, Atrial Fibrillation, Smoking Status, and TOAST (all p < 0.05).



Relationship between serum albumin and severe impairment of ADL among stroke patients

After adjusting for confounding factors, the multivariate analysis revealed a 7% decrease in severe impairment of ADL after stroke for every unit (g/L) increase in serum albumin levels. When blood albumin levels were analyzed using quartiles, a negative relationship was found between serum albumin levels and severe impairment of ADL after controlling for relevant variables. In comparison to patients with lower levels of serum albumin (<37.4 g/L), the adjusted odds ratio (OR) for severe impairment of ADL after stroke for those in the second quartile (Q2: 37.4–40.21 g/L), third quartile (Q3: 40.21–42.80 g/L), and fourth quartile (Q4: >42.8 g/L) were 0.68 (95% confidence interval [CI]: 0.40–1.15, p = 0.148), 0.55 (95% CI: 0.32–0.97, p = 0.04), and 0.65 (95% CI: 0.37–1.15, p = 0.139), respectively (Table 2).



TABLE 2 Association between serum albumin and severe impairment of ADL among stroke patients.
[image: Table displaying odds ratio (OR) and p-values for different models assessing the association between albumin levels and an event. Four albumin groups (Q1 to Q4) are compared. Crude model, Model 1, Model 2, and Model 3 show adjusted ORs and p-values. Lower albumin levels in Q1 act as a reference. All models indicate significant associations except Q2 and Q4 in Model 3, with p-values indicating statistical significance. The trend test p-value is 0.116. Adjustments for various factors are noted in the table's footnote.]

In Figure 2, the link between serum albumin and severe impairment of ADLs after stroke displayed an L-shaped curve (nonlinear, p = 0.002). The link between serum albumin levels and severe impairment of ADLs among stroke patients shows an inflection point around 38.0 g/L. In the threshold analysis, the odds ratio (OR) for severe impairment of ADLs among stroke patients with serum albumin levels less than 38.0 g/L was 0.680 (95% CI: 0.568–0.814, p < 0.001). When serum albumin levels were greater than or equal to 38.0 g/L, the severe impairment of ADLs no longer decreased with rising serum albumin levels, indicating that the threshold had been reached (Table 3).

[image: A graph showing the odds ratio of severe ADL impairment among stroke patients, plotted against albumin levels in grams per liter. The red line with shaded area indicates a non-linear relationship, with decreased odds ratio as albumin levels increase, particularly significant between 35 and 40 grams per liter. The p-value for non-linearity is 0.002. A blue density plot peaks around 40 grams per liter, showing the distribution of albumin levels.]

FIGURE 2
 Association between serum albumin levels and the odds ratio of severe ADL impairment among stroke patients. Solid and dashed lines represent the predicted value and 95% confidence intervals. They were adjusted for Sex, Age, BMI, Smoking Status, and Drinking Status, Hypertension, Diabetes, Coronary heart disease, Atrial fibrillation, Cancer, and History of stroke, NIHSS, TOAST. Only 99% of the data is displayed.




TABLE 3 Threshold effect analysis of the relationship of serum albumin with severe impairment of ADL among stroke patients.
[image: Table displaying serum albumin levels in grams per liter and the adjusted model results. For levels below 38.0 g/L, the odds ratio is 0.680 with a 95% confidence interval of 0.568 to 0.814 and a p-value less than 0.001. For levels 38.0 g/L and above, the odds ratio is 0.961 with a confidence interval of 0.875 to 1.057 and a p-value of 0.4125. The likelihood ratio test has a p-value of 0.001. Adjustments were made for various factors including sex, age, and medical history.]



Subgroup analyses

Figure 3 illustrates the relationship between serum albumin levels and severe limitations in ADL, as analyzed across various subgroups. Serum albumin levels were associated with severely impaired ability to perform activities of daily living in male (OR, 0.92; 95% CI, 0.88–0.96), female (OR, 0.86; 95% CI, 0.81–0.92), more than 60 years (OR, 0.91; 95% CI, 0.87–0.94), with BMI less than 25 kg/cm2 (OR, 0.9; 95% CI, 0.85–0.95), BMI 25–29.9 kg/cm2 (OR, 0.91; 95% CI, 0.85–0.97), smoking (OR, 0.91; 95% CI, 0.86–0.96), non-smoking (OR, 0.89; 95% CI, 0.85–0.94), alcohol (OR, 0.88; 95% CI, 0.8–0.96), no alcohol (OR, 0.9; 95% CI, 0.86–0.94), hypertension (OR, 0.89; 95% CI, 0.86–0.93), diabetes (OR, 0.91; 95% CI, 0.85–0.97), no diabetes (OR, 0.92; 95% CI, 0.88–0.97), and those with TOAST classification large-artery atherosclerosis (OR, 0.91; 95% CI, 0.86–0.96), small-artery occlusion (OR, 0.89; 95% CI, 0.82–0.95), stroke of unknown etiology (OR, 0.81; 95% CI, 0.7–0.94). There was no significantly association among aged less than 60 years, BMI more than 30 kg/cm2, or those without hypertension or in the Cardioembolism and Stroke of another determined etiology subgroups. After subgroup analysis according to sex, age, BMI, smoking status, alcohol status, hypertension, and diabetes, TOAST classification, no significant interactions were found in any subgroup (all p-values for interaction >0.05).

[image: Forest plot displaying the odds ratios (OR) with 95% confidence intervals (CI) for various subgroups, including sex, age, BMI, smoking status, drinking status, hypertension, diabetes, and TOAST classification. Each subgroup is compared with effect sizes ranging from 0.7 to 1.4. Dashed vertical line at OR = 1 indicating no effect. P values for interaction are listed for each subgroup.]

FIGURE 3
 The relationship between serum albumin levels and the odds ratio of severe ADL impairment among stroke patients according to basic features. Except for the stratification component itself, each stratification factor was adjusted for all other variables (Sex, Age, BMI, Smoking Status, Drinking Status, Hypertension, Diabetes, Coronary heart disease, Atrial fibrillation, Cancer, History of stroke, NIHSS, TOAST).




Sensitivity analysis

Due to the high rate of missing NIHSS and TOAST data, we found a more robust association between serum albumin and severely impaired ADL of stroke after the multiple interpolation of NIHSS and TOAST. After adjusting for confounding factors, multivariate analysis showed that for every 1 g/L increase in serum albumin levels, there was a 7% reduction in severe ADL impairment post-stroke. Compared with those with lower serum albumin levels (<37.4 g/L), the adjusted ORs for serum albumin and ADL in Q2 (37.4–40.21 g/L), Q3 (40.21–42.80 g/L), and Q4 (>42.8 g/L) were 0.57 (95% CI: 0.38–0.86, p = 0.007), 0.50 (95% CI: 0.32–0.77, p = 0.002), and 0.52 (95% CI: 0.33–0.81, p = 0.004), respectively (Supplementary Table S1).




Discussion

Serum albumin level significantly indicates an individual’s ability to perform ADL (30). Studies have shown that serum albumin levels are associated with physical functioning disability among older adults (31). Additionally, higher serum albumin levels in ischemic stroke patients are associated with a lower likelihood of poor prognosis (32, 33). Due to its relatively long half-life, serum albumin reflects a patient’s nutritional status before stroke onset. Albumin levels measured within 24 h of admission are less likely to be affected by the acute stress of stroke (34). Consequently, this study collected albumin levels within 24 h of admission. The results revealed an L-shaped relationship between serum albumin levels and severely impaired ADL in stroke patients, with an inflection point at 38.0 g/L. Subgroup analyses revealed that serum albumin levels were inversely associated with severe ADL limitations following a stroke in different subgroups, consistent with the primary outcome. In this study, serum albumin was not significantly associated with severe ADL impairment in patients younger than 60 years, those with BMI greater than 30, individuals without hypertension, and with cardioembolism or stroke of another determined etiology. Given the limited sample size in these subgroups, caution is warranted in interpreting these findings, and further well-designed prospective studies are needed to confirm these results. Subgroup analysis stratified by sex, age, BMI, smoking status, alcohol status, hypertension, diabetes, and TOAST classification showed no significant interactions in any subgroup. Sensitivity analyses also reinforced the robustness of the observed relationship between serum albumin levels and severe ADL impairment after stroke.

Recent studies have confirmed a strong association between blood albumin levels and ADL in the general old population (9, 35–44). A cross-sectional study of centenarians demonstrated that albumin levels were negatively associated with the likelihood of ADL disability. Higher albumin levels correlated with a lower likelihood of ADL disability, suggesting a protective effect of albumin against ADL decline in centenarians (45). However, the mechanisms connecting serum albumin to daily mobility after stroke remain unclear.

There are three possible mechanisms by which albumin enhances daily mobility after stroke. First, during the early reperfusion phase in acute ischemic stroke, albumin antagonizes stagnation, thrombosis, and leukocyte adhesion within the postcapillary microcirculation (8). Adequate serum albumin amounts increase microcirculatory flow, plasma viscosity, and oxygen transport capacity (46). Second, albumin may protect nerves by reducing cerebral edema or through its antioxidant or anti-apoptotic properties (47). Third, serum albumin levels have a favorable effect on the immune system (46), as protein energy deficiency after acute stroke impairs cellular immune function and further worsens prognosis, thereby increasing the risk of poor prognosis.

The strength of our study lies in its novel exploration of the association between serum albumin levels and severe ADL impairment following stroke, including the first discussion of their dose–response relationship. However, several limitations must be considered. Firstly, our data was exclusively obtained from 2020 to 2022. To ensure greater consistency, a larger dataset would be essential. Secondly, despite utilizing regression modeling, stratified analyses, and sensitivity analyses, residual confounding effects from unmeasured or unknown factors cannot be entirely excluded. Thirdly, our findings are based on a survey conducted with adults, necessitating further research to confirm their applicability to other populations. Finally, the cross-sectional nature of our study limits our ability to establish a causal relationship between serum albumin and severe ADL impairment after stroke, which requires further investigation through longitudinal studies. Additionally, future research could explore other biochemical markers that may influence ADL impairment post-stroke.



Conclusion

To summarize, our study found an L-shaped correlation between serum albumin levels and severe ADL impairment in stroke patients, with a critical threshold at around 38.0 g/L. These findings indicate that elevating serum albumin levels can notably reduce the severity of ADL impairment, especially in patients whose serum albumin levels are below the 38.0 g/L mark.
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Objective: The present study aimed to investigate alterations in neural activity and reorganization of functional networks within critical brain regions associated with reduced cardiorespiratory fitness (CRF) in stroke patients. By employing resting-state functional magnetic resonance imaging (fMRI), we sought to identify specific brain areas that may be implicated in CRF decline among this patient population.
Methods: A total of 22 patients with stroke and 15 healthy subjects matched for age, gender, and body mass index were recruited. Rehabilitation assessments included peak oxygen uptake (VO2peak), peak work-rate, 10-meter walk test (10mWT), five times sit-to-stand test (FTSST), and 6-min walking distance (6MWD). Resting-state fMRI data were collected for the two groups, and correlation between changes in the amplitude of low-frequency fluctuations (ALFF) and CRF was analyzed to detect brain regions related to CRF and local neural activity in patients with stroke. On the basis of ALFF analysis, brain network analysis was performed, and the CRF-related brain regions in patients with stroke were selected as seed points. Functional connectivity (FC) analysis was the used to identify brain regions and networks potentially associated with CRF in patients with stroke.
Results: Patients with stroke exhibited significantly lower VO2peak, peak work-rate, 10mWT, and 6MWD compared to healthy controls (p < 0.001). FTSST was significantly higher in patients with stroke than healthy controls (p < 0.001). ALFF analysis identified CRF-related brain regions in patients with stroke, including the ipsilesional superior temporal gyrus (r = 0.56947, p = 0.00036), middle frontal gyrus (r = 0.62446, p = 0.00006), and precentral gyrus (r = 0.56866, p = 0.00036). FC analysis revealed that the functional connectivity of brain regions related to CRF in patients with stroke involved the ipsilesional M1 to ipsilesional precentral gyrus and contralesional postcentral gyrus, and the correlation coefficients were r = 0.54802 (p = 0.00065) and r = 0.49511 (p = 0.0025), respectively. The correlation coefficients of ipsilesional middle frontal gyrus to contralesional middle frontal gyrus, angular gyrus and ipsilesional superior frontal gyrus were r = 0.58617 (p = 0.00022), r = 0.57735 (p = 0.00028), and r = −0.65229 (p = 0.00002), respectively.
Conclusion: This study observed that CRF levels were lower in stroke patients compared to those in healthy individuals. Resting fMRI analysis was applied to identify CRF-related brain regions (ipsilesional superior temporal, middle frontal, precentral gyri) and networks in patients with stroke.
Clinical trial registration: https://www.chictr.org.cn/showproj.html?proj=151095.
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 cardiorespiratory fitness; resting-state fMRI; amplitude of low-frequency fluctuations; functional connectivity; brain network


1 Introduction

In China, a country with the largest stroke burden in the world, stroke (including ischemic stroke and hemorrhagic stroke) is the leading cause of mortality (1), and it is the third most common cause of disability-adjusted life years lost worldwide (2). It is well known that stroke is associated with many long-term complications, such as impairments in motor, language, and cognitive functions (3). Additionally, stroke can lead to a decline in cardiorespiratory fitness (CRF). CRF is the ability of the body to transport and use oxygen, usually expressed as maximal oxygen uptake (VO2max) or peak oxygen uptake (VO2peak) (4) and is considered a core component of health-related fitness (5). A low or unhealthy CRF is an independent and strong predictor of cardiovascular disease and adult all-cause mortality (6). The CRF of the stroke population, at an average level of 15.78 mL/kg/min (7), is approximately 53% of that of age-matched healthy populations (8). This CRF level is predictive of an inability to maintain daily activities and may be associated with a range of adverse outcomes, including frailty, reduced physical performance, an increased risk of cardiovascular events, and an increased rate of recurrent stroke (9).

Neuroplasticity, which can be defined as the ability of the brain to change its structure or function after exposure to new stimuli or environments (10), plays an important role in the recovery of patients with stroke (11). To the best of our knowledge, very little research has focused on whether CRF affects the recovery of stroke through neuroplasticity, and there have been no firm conclusions. Functional magnetic resonance imaging (fMRI), which can reflect the evolution of cortical functional remolding (12), has evolved rapidly in recent times, and resting state (rs)-fMRI especially has been applied to the study of many neurological disorders (13). Therefore, we used rs-fMRI to explore the brain regions associated with CRF to better understand the mechanisms affecting functional recovery in patients with stroke.



2 Methods


2.1 Study population

All stroke subjects were hospitalized in the department of rehabilitation medicine of Huashan Hospital Jing'an Branch of Fudan University from January to October 2022. A total of 58 patients with stroke with limb motor dysfunction were screened, and 22 patients (13 males and 9 females, with an average age of 57.2 ± 11.8 years) completed the trial and were ultimately included in the study. General patient information is shown in Table 1, and the superposition of lesions in the stroke subjects is shown in Figure 1. At the same time, 15 age-and sex-matched healthy volunteers (6 males and 9 females, mean age 57.3 ± 13.7 years) were recruited as healthy controls in Shanghai, and their general information is shown in Table 2.



TABLE 1 Demographic and clinical information for stroke patients.
[image: The table lists details of 22 patients, including their number, sex, age, type of stroke (ischemia or hemorrhage), lesion location, days after stroke onset, side of lesion, and hemiplegic side. Lesion locations include basal ganglia, corona radiate, pons, thalamus, centrum ovale, and internal capsule. The sex varies between male and female, with ages ranging from 22 to 73 years. Hemorrhages are marked as "H" and ischemias as "I". The document notes left or right for lesion and hemiplegic sides.]

[image: MRI images of a brain showing lesion mapping in stroke patients. A color scale from blue to red indicates lesion severity from one to ten. The progression from unaffected to affected side is labeled.]

FIGURE 1
 Lesion overlay maps for the stroke patients, all left lesions were flipped to the right side.




TABLE 2 Demographic and clinical information for the participants.
[image: A table comparing characteristics between stroke patients (S, n = 22) and healthy controls (HC, n = 15). Variables include sex, age, BMI, weight, FTSTS, VO2, VO2peak, work-ratepeak, 6MWD, and 10mWT, with respective medians (M) and interquartile ranges (Q1-Q3). Test statistics and p-values show significant differences in functional and exercise capacity measures, but not in BMI and age.]

All stroke subjects met the diagnostic criteria of “Diagnostic points for Major Cerebrovascular Diseases in China 2019” and were diagnosed as having stroke by computed tomography (CT) or magnetic resonance imaging (MRI). Inclusion criteria: (1) first onset, mainly subcortical injury; (2) 18 years ≤ age ≤ 80 years; (3) stable vital signs, clear consciousness, no obvious visual or hearing impairments, able to understand and execute commands; (4) unilateral limb movement disorder, Brunnstrom lower limb motor function grade IV; (5) mRS ≤ 3; (6) tolerance of cardiopulmonary exercise testing (CPET); (7) informed consent was obtained from patients or their immediate family members. Exclusion criteria: (1) history of heart, lung, or other diseases that seriously affect cardiopulmonary function; (2) severe spasticity (modified Ashworth Spasticity scale >2) or limited range of motion of the hemiplegic lower limb; (3) previous muscle, bone, and other serious diseases affecting power cycling pedaling; (4) patients with severe dementia or mental disorders; (5) patients with a cardiac pacemaker, metal joint replacement, claustrophobia, or other contraindications to MRI examination.

The inclusion criteria for the healthy subjects were as follows: (1) matched with the age, gender, and BMI of stroke subjects; (2) no major underlying diseases; (3) tolerance of MRI examination; (4) able to complete CPET; (5) fully understood the study and signed the informed consent form. Exclusion criteria were (1) history of stroke and (2) participants in other clinical trials.

This study was reviewed and approved by the Ethics Review Committee of Huashan Hospital, Fudan University. The Chinese clinical trial registry number is ChiCTR2200056043, and the registration time was January 31, 2022. All patients signed the written informed consent before enrolment, and the study was conducted in accordance with the Declaration of Helsinki.



2.2 Clinical outcome measurements and imaging data acquisition

Patients with stroke and healthy controls participated in 6-min walking distance (6MWD), 10-meter walk test (10mWT), five times stand-to-sit test (FTSST), VO2peak, and peak work-rate assessments. VO2peak and peak work-rate were assessed using CPET. Images of all subjects were collected with a 3.0-T MRI scanner (GE MR750, United States). MRI scanning included a T1-weighted scan, a T2-weighted scan, and a resting functional scan. Detailed information on the scanning and image preprocessing is included in the Supplementary material.



2.3 CPET

The study employed standardized CPET measuring equipment, utilizing a cycle ergometer, spirometry analysis, continuous gas exchange analysis (measuring oxygen consumption VO2peak, ml/kg/min), and electrocardiogram monitoring for heart rate analysis to assess baseline fitness levels (PowerCube Ergo, Schiller, Switzerland). CPET was conducted under the supervision of a medical doctor with expertise in cardiopulmonary resuscitation.

The CPET involved a ramp protocol that incorporated a multistage incremental step test. Following a 3-min warm-up at a power output of 0 W and a pedal cadence of 50 revolutions per minute, the workload was increased by 15–20 W every 2 min until participants reached a state of self-perceived exhaustion, characterized by an inability to maintain the prescribed pedal cadence, cardiovascular or pulmonary distress, or fatigue. Objective exhaustion was verified when the respiratory exchange rate exceeded 1.05. Following peak exercise, a 3-min recovery phase was administered to all participants. The calculation of oxygen consumption at the anaerobic threshold (ml/kg/min) was carried out using the modified V-slope method, as outlined by Wasserman (14). The definition of VO2peak was the highest level of oxygen consumption attained during the exercise test. It should be noted that this definition represents the maximum value, rather than an average of multiple breaths (15).



2.4 ALFF and FC analyses

The DPARSF toolbox was utilized to conduct the amplitude of low-frequency fluctuations (ALFF) analysis (16). The preprocessed image’s time series for each voxel underwent fast Fourier transformation to convert it into the frequency domain. The ALFF value was calculated for each voxel in the slow-5 band by dividing the power in the 0.01–0.027 Hz frequency range by the power in the full frequency range (0–0.25 Hz). The resulting ALFF maps were transformed into Z-score maps using Fisher’s Z-transformation.

Functional connectivity (FC) analysis was conducted using the CONN toolbox (17). The preprocessed images underwent band-pass filtering within the frequency range of 0.01–0.08 Hz. The voxel exhibiting the lowest p-value in the ALFF analysis (with detailed coordinates listed in the results) was designated as the center of a spherical seed (radius: 8 mm). The Pearson correlation coefficient was calculated for the relationship between the time series of each voxel and the seed to determine the FC.



2.5 Statistical analysis

We used SPSS (IBM SPSS 25.0, SPSS Inc.) to perform statistical analysis. The normality of function scores was assessed using the Shapiro–Wilk test, and measurement data are presented as mean ± SD for normally distributed data and median (Q1, Q3) for non-normally distributed data. The independent samples t-test or non-parametric Mann–Whitney U test was employed to determine statistically significant differences between groups. Categorical data were analyzed using the chi-square test, and the Fisher’s exact test probability method was utilized. Pearson’s correlation was utilized for correlation analysis. A p-value of ≤0.05 was deemed significant.

The SPM software was applied to analyze the resting fMRI data. In an effort to mitigate the occurrence of multiple comparison errors, threshold-free cluster enhancement (TFCE corrected p < 0.01, H = 2, E = 0.5, number of permutations = 5,000) with a cerebral gray matter mask was implemented. A statistically significant difference was established through line correction, with a p-value of less than 0.05. The results were presented using Xjview software. To further validate the relationship between the observed changes in brain activity and the patient’s CRF, a Pearson correlation assay was employed to calculate the correlation between ALFF, FC, and VO2peak change.




3 Results


3.1 Behavior

Statistical analysis revealed that patients with stroke exhibited significant differences in various physical performance measures compared to healthy controls. Specifically, patients with stroke demonstrated increased performance in the FTSST, while exhibiting decreased CRF, peak work-rate, 6MWD, and 10mWT performance (Table 2 and Figure 2).

[image: Bar graphs comparing physical performance metrics between two groups, labeled S and HC. Metrics include FTSTS in seconds, VO2peak in milliliters per kilogram per minute, peak work rate in watts, 6MWD in meters, and 10mWT in meters per second. The HC group consistently shows better performance with statistically significant differences, indicated by triple asterisks above each set of bars. Error bars represent variability.]

FIGURE 2
 An analysis of behavioral data for stroke patients and healthy controls. *p < 0.05, **p < 0.01, ***p < 0.001. FTSST, five times sit-to-stand test; VO2peak, peak oxygen uptake; 6MWD, 6-min walking distance; 10mWT, 10-meter walk test.




3.2 ALFF

The brain regions exhibiting statistically significant differences in ALFF between the two groups were the middle frontal gyrus (MFG) and precentral gyrus (preCG), and superior temporal gyrus (STG) on the ipsilesional side, and the superior parietal lobule (SPL) on the bilateral side. Notably, patients with stroke demonstrated decreased ALFF value for their MFG and anterior central gyrus on the ipsilesional side, while an increased ALFF value was observed for their ipsilesional STG and bilateral SPL (Figure 3).

[image: Two sets of brain images labeled A and B show activation patterns in different views. Both sets feature t-value color mappings, indicating activation levels from red (low) to yellow (high). Set A displays more extensive activation, particularly in the frontal and parietal regions, while set B has localized activity mainly in the temporal and occipital areas.]

FIGURE 3
 Brain regions with differences in ALFF between two groups. ALFF values were subjected to TFCE correction with a significance level of p < 0.005 and a cluster threshold of >30. Group A and Group B represent brain regions of stroke patients with reduced and increased ALFF values, respectively. The t-value is depicted in the color bar chart.


The brain regions that exhibited differences in ALFF between stroke-afflicted individuals and healthy controls, and those regions demonstrating a significant convergence between the ALFF and CRF correlation analyses of the two groups were associated with local neural activity in patients with stroke. The correlation coefficients for these regions were r = 0.62446 (p = 0.00006), r = 0.56866 (p = 0.00036), and r = 0.56947 (p = 0.00036), representing the MFG, preCG, and STG, respectively, on the ipsilesional side (Figure 4).

[image: Three brain images with highlighted regions in red are shown. Each image corresponds to a scatter plot illustrating correlations between brain activity and VO₂ peak (in mL/kg/min). The plots have red and black dots, representing different groups, with regression lines and statistical values (r and P) indicating significant correlations. The brain regions are labeled as ALFFMFG, ALFFprecCG, and ALFFSTG, with corresponding r and P values provided for each plot.]

FIGURE 4
 CRF-associated brain regions in stroke subjects. i, ipsilesional; MFG, middle frontal gyrus; preCG, precentral gyrus; STG, superior temporal gyrus.




3.3 FC

Subsequent to the ALFF findings, further analysis of brain networks was conducted, whereby functional connections were established based on seed points. The seed points selected for this analysis were the primary motor cortex (M1), MFG, and STG, all located on the ipsilesional side. The MNI coordinates for the center of each seed point were as follows: (X = −39, Y = −24, Z = 60), (X = 42, Y = 30, Z = 45), and (X = 69, Y = −15, Z = 9) for M1, MFG, and STG, respectively. The entire brain was subjected to resting-state FC analysis (Figure 5).

[image: Three axial brain MRI scans displaying highlighted regions in red, indicating areas of interest. The left image shows the M1 area at coordinates X equals negative thirty-nine, Y equals negative twenty-four, Z equals sixty. The middle image highlights the MFG area at X equals forty-two, Y equals thirty, Z equals forty-five. The right image shows the STG area at X equals sixty-nine, Y equals negative fifteen, Z equals nine. The text "Affected side" is displayed vertically next to the images.]

FIGURE 5
 Seed points of interest coordinate diagram. M1, primary motor cortex; MFG, middle frontal gyrus; STG, superior temporal gyrus.


The results showed a difference in the FC of stroke subjects. The overlapping brain network associated with the FC and CRF of all subjects ran from the M1 of the ipsilesional side to the preCG of the ipsilesional side and the postcentral gyrus (poCG) of the contralesional side, the MFG of the ipsilesional side to the MFG of the contralesional side, the MFG of the ipsilesional side to the Angular Gyrus (ANG) of the contralesional side, and the MFG of the ipsilesional side to the superior frontal gyrus (SFG) of the ipsilesional side. The overlapping brain region seemed to be associated with CRF in stroke subjects (Figures 6, 7).

[image: Brain imaging analysis showing two rows labeled A and B, each with six 3D brain renderings. Areas of activation are highlighted in red to yellow, corresponding to t-values, with yellow indicating the highest values.]

FIGURE 6
 Different FC brain regions based on the M1 on the ipsilesional side of the two groups.


[image: Brain scan images showing four sets labeled C, D, E, and F. Each set displays five views of a brain with areas highlighted in red and yellow, indicating varying t-values using a color scale from red (lowest) to yellow (highest).]

FIGURE 7
 Brain regions with FC differences based on the MFG on the ipsilesional side.




3.4 Schematic diagram of FC and CRF-related brain regions in patients with stroke

The FC between M1 and preCG on the ipsilesional side of stroke subjects was positively correlated with CRF (r = 0.54802, p = 0.00065). The FC of M1 on the ipsilesional side and poCG on the contralesional side were also positively correlated with CRF (r = 0.49511, p = 0.0025) (Figure 8).

[image: An illustration of a human brain with highlighted red regions on both hemispheres. To the right, two scatterplots show data points and trend lines. The top graph correlates VO2 peak (milliliters per kilogram per minute) with iM1-preCG, showing a positive trend with r=0.54802 and P=0.00065. The bottom graph shows a similar correlation with iM1-cPoCG, with r=0.49511 and P=0.0025. Data points are distinguished by color: red for HC and black for S.]

FIGURE 8
 Functional connectivity (FC) of M1 on the ipsilesional side was positively correlated with CRF in stroke patients. i, ipsilesional; c, contralesional; preCG, anterior central gyrus; PoCG, postcentral gyrus.


Based on the FC of the ipsilesional MFG in patients with stroke, the FC of the injured MFG and the contralesional MFG was positively correlated with CRF (r = 0.58617, p = 0.00022). Also positively correlated with CRF was the functional connection between the ipsilesional MFG and the contralesional ANG (r = 0.57735, p = 0.00028). Whereas the functional connection between the ipsilesional MFG and SFG was negatively correlated with CRF (r = −0.65229, p = 0.00002) (Figures 9, 10).

[image: A 3D model of a brain with highlighted red areas is shown on the left. On the right, two scatter plots illustrate the correlation between VO2 peak values and brain activity, measured as iMFG-cMFG and iMFG-cAngular, with significant correlations indicated by r and P values. Data points are color-coded for two groups: HC in red and S in black.]

FIGURE 9
 Functional connectivity of MFG on the ipsilesional side was positively correlated with CRF in stroke patients. c, contralesional; MFG, middle frontal gyrus; ANG, angular gyrus.


[image: A brain rendering on the left highlights red areas on the right hemisphere. On the right, a scatter plot displays a negative correlation between VO2 peak and iMFG-ISFG values, with a trend line. Red and black dots represent two groups, labeled HC and S respectively. Correlation coefficient is -0.65229, and p-value is 0.00002.]

FIGURE 10
 Functional connectivity of MFG on the ipsilesional side was negatively correlated with CRF in stroke patients. i, ipsilesional; MFG, middle frontal gyrus; SFG, superior frontal gyrus.





4 Discussion

In this cross-sectional study, rs-fMRI was used to identify potential CRF-related brain regions and networks in patients with stroke based on two levels of local neural activity. By comparing the ALFF values of healthy subjects with those of patients with stroke, we discovered increased ALFF values for the ipsilesional STG, MFG, and preCG regions in patients with stroke. Based on the ALFF analysis, brain regions related to CRF were selected as seed points for FC analysis. The results showed that the functional connection strength of stroke subjects was related to the ipsilesional preCG, contralesional poCG, contralesional MFG, contralesional ANG, and ipsilesional SFG.

First, by comparing the clinical indicators of patients with stroke and healthy subjects, we found that the 6MWD, 10mWT, CRF, and peak work-rate of patients with stroke were all far lower than those of healthy subjects, but not the FTSST, which demonstrated that stroke patients exhibit lower CRF levels compared to age-and sex-matched healthy controls. After stroke, motor function is impaired, and there is a decline in CRF closely related to motor function, which eventually results in patients being unable to carry out normally daily behavior and activities, leading to a further decline in their functional ability. CRF is one of the five vital signs (6) and plays a fundamental role in the recovery of various functions (including motor function and cognition). In this study, CPET was used to accurately measure CRF and peak work-rate, and the differences between the two groups were compared. Our results showed that the CRF of patients with stroke was reduced by about 28% compared with that of healthy people of the same age, which is consistent with previous studies (8).

Secondly, resting-state ALFF is an effective data-driven analysis technique based on fMRI (18) that effectively reflects changes in spontaneous neural activity after stroke (19). An elevated ALFF value suggests increased local neural activity. When we conducted a comparative analysis of ALFF values, we observed significantly higher ALFF values in the MFG and preCG of the ipsilesional side of healthy controls than those of patients with stroke. Conversely, the ALFF values of the bilateral SPL and MTG on the ipsilesional side were significantly higher in patients with stroke than healthy controls.

As a higher motor function center, the preCG is involved in alertness, selection, and preparation for performing tasks. The MFG is part of the prefrontal lobe, and previous studies have shown that it is closely related to higher cognitive functions such as attention, executive function, and emotion (20, 21). After stroke, the excitability of the brain hemisphere on the ipsilesional side decreases due to the death of neurons, so the neuronal activity of the MFG and preCG on the ipsilesional side decreases, resulting in a decrease in ALFF. The SPL is part of the parietal lobe and plays a key role in many cognitive, perceptual, and motor related processes (22). The SPL is a component of the default network, and changes in this network affect the motor recovery of patients with stroke (23). Given the variability in the onset of stroke in subjects in this study and the known association between brain activity of patients with stroke and their onset course, it is plausible that the elevated ALFF values observed in the bilateral SPL of patients with stroke may have been attributable to compensatory mechanisms. The MTG, being a constituent of the temporal lobe, is associated with default, motor, memory, and auditory networks. Following impairments in related functions in patients with stroke, a compensatory elevation in brain activity ensues, which may account for the augmented ALFF value observed in the affected hemisphere of the MTG.

Analysis of ALFF values and CRF values in patients with stroke showed that the injured STG, MFG, and preCG were positively correlated with CRF in patients with stroke, and it is possible that CRF is associated with local nerve activity in these related brain regions in patients with stroke. The reduction in CRF in patients with stroke across all stages of the condition has a major impact on their ability to recover motor and other functions, as well as to varying degrees on their morbidity and stroke recurrence rates. An investigation conducted by Wittfeld and his team on an elderly population in good health demonstrated that CRF was linked to the majority of cortical networks, with the most notable correlations observed in the default mode network’s prefrontal, middle temporal, and parahippocampal gyrus (24). Both the preCG and MFG are integral components of the frontal lobe and crucial constituents of the motor network. CRF and motor function are closely intertwined, which suggests there is an association. Despite the subjects in this study not being entirely congruent with those in Wittfeld et al.’ (24) study, both studies have preliminarily substantiated that there is an intimate relationship between the frontal lobe and CRF. Hence, our conjecture posits that the frontal lobe has significance in relation to CRF. The STG, as a crucial component of the default network, may assume a relatively prominent function in the CRF of individuals with stroke. Nevertheless, the current dearth of pertinent research necessitates further empirical medical evidence to elucidate the mechanism by which the STG influences CRF.

Functional connectivity is a widely used method for examining brain network activity, with the strength of FC serving as an indicator of the level of connectivity between different regions of the brain. Based on the findings from the ALFF analysis, the ipsilesional STG, MFG, and primary motor cortex (M1) were identified as seed points for conducting a comprehensive FC analysis of patients with stroke, with the aim of identifying brain regions associated with CRF and brain network activity. FC analysis using the seed point of the ipsilesional STG revealed no discernible distinction between the two groups. However, when the analysis was conducted using the ipsilesional MFG as the seed point, the functional connection between the bilateral MFG and the ipsilesional ANG was observed to be significantly weakened. Conversely, the functional connection with the ipsilesional MFG was found to be enhanced. Patients with stroke exhibited a significant reduction in functional connection strength between ipsilesional M1 and ipsilesional preCG as well as contralesional poCG, as determined by their functional connectivity. The functional connections associated with CRF in patients with stroke were identified as contralesional MFG, ANG, and SFG, with the former two displaying a positive correlation with CRF, and the latter exhibiting a negative correlation. Furthermore, functional connections between ipsilesional preCG and contralesional poCG were positively correlated with CRF, as determined by their functional connectivity with ipsilesional M1.

The MFG is part of the motor network and plays an important role in attention control (25). The ANG, within the Inferior Parietal Lobule (IPL), is an important component of the frontal parietal motor network (26). In the present study, we observed a reduction in the functional connection strength of the ipsilesional MFG, contralesional MFG, and ANG, indicating a potential association between CRF and the motor network in individuals with stroke. Additionally, the functional connection strength of the MFG and SFG in the ipsilesional hemisphere was found to be augmented in patients with stroke, and it exhibited a negative correlation with CRF. One possible explanation is that the injury resulted in a decrease in the excitability of the cerebral hemispheres, leading to compensatory mechanisms being activated to sustain brain function. This over-compensation may disrupt functional equilibrium and the coherence between the hemispheres, which are fundamental for maintaining functional stability (26), and therefore, lead to a decline in CRF. M1 is a prominent brain region implicated in the motor network. Research has demonstrated a noteworthy association between a reduction in the strength of interhemispheric motor network functional connectivity and motor function recovery outcomes. Conversely, no correlation has been found between intra-hemispheric functional connectivity and motor function recovery outcomes (27). In this study, the functional connectivity strength of the motor network in the hemispheres of patients with stroke was positively correlated with CRF, and clinical observations indicate that motor function in patients with stroke is closely correlated with CRF. This suggests that the brain regions related to CRF in patients with stroke are similar and different from the brain regions of the motor network, which indirectly indicates that motor function is not the only factor affecting CRF. The functional connectivity strength of ipsilesional M1 and contralesional poCG was positively correlated with CRF. M1 and poCG are core components of the sensorimotor network and play crucial roles in human movement. Previous studies on motor function recovery after stroke found that the functional connection strength of ipsilesional M1 and the sensorimotor network on the contralesional side decrease after patients with stroke (28), and motor function is closely related to CRF; therefore, this also may be why the functional connection strength of ipsilesional M1 and contralesional poCG is positively correlated with CRF.

In general, we observed lower CRF levels in stroke patients compared to healthy individuals. However, our cross-sectional study design limits our ability to determine if the reduced CRF is a direct consequence of stroke or predated the event. Physical inactivity is known to increase stroke risk, suggesting that differences in CRF levels may have existed before the stroke. Therefore, we cannot exclude the influence of pre-stroke physical activity on post-stroke CRF. These findings highlight the need for longitudinal studies to better understand the causal relationships between physical activity, stroke, and CRF. Furthermore, most of the brain regions that correlated with CRF in patients with stroke, such as the MFG, preCG, and poCG, are components of the sensorimotor network. An important reason for this may be that motor function is closely related to CRF, and sensory function affects the recovery of motor function. Various constituent brain regions of the default mode network (DMN) are also related to CRF, such as the ANG and STG. The basic function of the DMN is in maintaining the functions of other networks. Therefore, how it plays a role in brain networks related to CRF needs to be further dissected.


4.1 Conclusion

The CRF, peak work-rate, 10mWT and 6MWD of stroke subjects were lower than those of healthy controls, while the results for the FTSST were the opposite. Our rs-fMRI index ALFF analysis highlighted several brain regions and areas of local neural activity that appeared to be related to CRF in patients with stroke: the ipsilesional STG, MFG, and preCG. Additionally, FC showed several brain regions and networks were correlated with CRF in stroke patients, i.e., the ipsilesional M1 to ipsilesional preCG and contralesional postcentral gyrus, ipsilesional MFG to contralesional MFG, ANG and ipsilesional SFG.
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Background: Stroke is a significant health threat, and its complex interplay with fractures warrants further investigation. Depression, a critical psychological mediator in various health conditions, may also play a role. This study aims to clarify the intricate relationships among stroke, depressive symptoms, and fracture risk, potentially informing more holistic clinical strategies.
Methods: Utilizing the most recent data from the National Health and Nutrition Examination Survey (NHANES, 2017 to 2020), this study encompassed 4,979 valid samples. T-test and chi square test are conducted to compare the differences between fracture and non fracture subgroups. Subsequently, regression models were applied to assess the mediating impact of depression, with Sobel’s test and the bootstrap method deployed to substantiate the mediation pathways.
Results: In this study, we conducted subgroup and regression analyses to investigate factors influencing fractures in stroke patients using NHANES data. Subgroup analysis revealed significant associations with gender, race, osteoporosis, and depression. Female stroke patients had a higher fracture rate (73.86% vs. 47.78%, p < 0.001), and those with post-stroke depression (29.67% vs. 13.16%, p < 0.001) or osteoporosis (33.33% vs. 15.81%, p < 0.05) were at increased risk of fractures. Logistic regression models showed a positive association between stroke and fractures in the unadjusted (OR = 1.862, 95% CI: 1.348–2.573, p < 0.001) and adjusted I models (OR = 1.789, 95% CI: 1.240–2.581, p < 0.01), but not in the adjusted II model. Depression was significantly correlated with fractures in all models (unadjusted OR = 2.785, 95% CI: 1.271–6.101, p < 0.05; Model 1 OR = 3.737, 95% CI: 1.470–9.498, p < 0.01; Model 2 OR = 3.068, 95% CI: 1.026–9.175, p < 0.05). Mediation analysis using Sobel and bootstrap tests indicated that depression mediates 7.657% of the relationship between stroke and fractures (Z = 2.31, p < 0.05), with significant indirect (Z = 2.80, p < 0.01), direct (Z = 3.61, p < 0.001), and total effects (Z = 3.92, p < 0.01). The direct effect of stroke on fracture was 0.079 (95% CI: 0.036–0.121), the total effect was 0.085 (95% CI: 0.043–0.128), and the indirect effect mediated by depressive symptoms was 0.007 (95% CI: 0.002–0.011). These results suggest that depressive symptoms following stroke may contribute to an increased risk of fractures.
Conclusion: Depressive symptoms serve as a critical mediator in the link between stroke and fracture risk. Consequently, our study concludes that holistic prevention strategies for fractures in stroke patients must incorporate a focus on mental health to effectively address this complex clinical challenge.
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1 Introduction

Stroke is now the second leading cause of death and disability worldwide (1). Data indicates a concerning trend of stroke incidence shifting toward younger demographics (2). Moreover, a staggering 70% of stroke-related fatalities and 87% of resulting disabilities are concentrated in low- and middle-income nations (3). This alarming situation not only leads to a significant loss of labor force but also imposes a substantial financial and healthcare burden on these countries (4). Fracture represents a perilous complication arising from stroke (5). The occurrence of fractures in the stroke population can hinder functional recovery by leading to prolonged hospitalization, reduced independence and delays in rehabilitation (6). Therefore, prevention of fractures is important for the recovery of stroke patients.

Depression affects approximately 71% of stroke survivors within the critical three-month post-stroke period (7). This mental health condition is a significant contributor to the exacerbation of physical decline and the decline in cognitive-psychological performance among individuals who have experienced a stroke (8–10). Notably, a negative correlation exists between the depression severity and bone density, with severe depression contributing to osteoporosis, and increased fracture risk (11, 12). The mechanisms underlying these phenomena are likely closely related to the regulation of the “brain-neuro-musculoskeletal” axis, which involves the bidirectional interaction between the brain’s neural control over the musculoskeletal system and the feedback regulation of brain function by the musculoskeletal system (13). For instance, the hypothalamic–pituitary–adrenal (HPA) axis, a critical pathway through which the nervous and endocrine systems interact, leads to the secretion of cortisol and other hormones upon activation (14). Depression often activates the HPA axis, increasing cortisol levels. Elevated cortisol not only exacerbates mood disorders like depression but also impairs musculoskeletal health by inhibiting osteoblast activity, reducing calcium absorption, and weakening bone structure. Cortisol plays a key role in stress responses, including fear, anxiety, and depression, while also inhibiting osteoblast activity, bone calcium absorption, and vascularization (15, 16). These effects indirectly disrupt bone microstructure and impedes bone turnover and metabolism (17). Therefore, depression, as a prevalent mood disorder, may significantly influence the link between stroke and fracture.

However, current research on the association between neuropsychiatric disorders and musculoskeletal diseases primarily focuses on adolescent and elderly populations (18–20). The relationship between depression and fracture incidence in stroke patients has not been well-defined. While previous studies have reported significant associations between depression and fall risk in stroke patients, most have been limited by small sample sizes and insufficient analytical depth, leaving the precise role of depression in the relationship between stroke and fracture poorly understood (21). To address these limitations, this study employs robust statistical methods, such as Sobel’s test and bootstrap analysis, which enhance the reliability and validity of the mediation findings. This provides a solid foundation for future research and clinical practice, supporting the development of more effective strategies (22, 23).

In summary, to delve deeper into the association between stroke and fracture incidence risk, we used data from the National Health and Nutrition Examination Survey (NHANES) 2017–2020 to (1) identify the influencing factors affecting fracture incidence in stroke and non-stroke populations; (2) investigate the relationship between stroke and fracture incidence and analyze the mediating role and extent of the influence of depression between stroke and fracture; (3) analyze stroke and fracture incidence-related Potential Mechanisms.



2 Materials and methods


2.1 Study population

A cross-sectional study was conducted using data from the National Health and Nutrition Examination Survey (NHANES) official website: https://www.cdc.gov/nchs/nhanes/NHANES. First, we included the entire 2017–2020 NHANES population (n = 15,560). Samples younger than 50 (n = 104,573) and those with missing fracture information (n = 8) were then excluded. We finally analyzed the remaining sample of 4,979 cases. Due to the fact that Mexican American persons were oversampled and all Hispanic persons from 2007 onwards were oversampled, we adjusted all analyses for the complex sample design of NHANES using the sample weights from NHANES (24).



2.2 Outcome variable

The primary outcome variable is fracture. Participants were asked, “Has the doctor ever told you about a hip/wrist/spine fracture or fracture?” A fracture in any of these three areas is considered a separate issue; a ‘yes’ to any one of them is indicative of a fracture (25).



2.3 Evaluation of exposures

The exposure variable is stroke, which was diagnosed through self reporting by doctors and patients in face-to-face interviews. A person who answers “Yes” to the question “Ever told you had a stroke?” is defined as having a stroke. With the NHANES database’s limited details on stroke types and severity, it is reasonable to deduce that most stroke participants in this study likely suffer from ischemic stroke, aligning with the prevailing research within the NHANES database (26).

Depression is the main covariate. The Patient Health Questionnaire (PHQ-9) is used to diagnose depression, which is a self reporting assessment based on the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) version, used to describe the nine signs and symptoms of depression. The scores were summed to give each participant a total score ranging from 0 to 27. As in previous studies, the present study defined depression as a total PHQ-9 score of ≥10 (27).

In addition, covariates also include: osteoporosis, dizziness, fasting glucose, alcohol, diabetes, High blood pressure, BMI, age, gender, race, marital status, education level, family monthly poverty level category, et al. An individual who affirms the query “Have you ever been diagnosed with osteoporosis or brittle bones?” is classified as having osteoporosis. Similarly, an individual who responds affirmatively to the question “Have you experienced dizziness or lightheadedness?” is categorized as experiencing dizziness. Furthermore, an individual who answers “Yes” to the question “Have you ever consumed any form of alcohol?” is identified as an alcohol consumer. Additionally, serum cotinine levels are a reliable biomarker for assessing tobacco exposure. Cotinine, a primary metabolite of nicotine, serves as an effective indicator of an individual’s level of exposure to tobacco smoke (28). All variables were obtained through standardized clinical evaluation and laboratory testing, and were selected based on previous literature and clinical expert opinions to control for potential confounding factors.



2.4 Ethic statement

The study protocol was reviewed and approved by the Research Ethics Review Board of the National Center for Health Statistics.



2.5 Statistical analysis

We conducted all statistical analyses using SAS version 9.4. Firstly, this study conducted a statistical description of the demographic characteristics and key variables of society. Categorical variables are described by frequency (percentage), while continuous variables are described by mean (standard deviation, SD). The differences between fractured and non fractured subgroups were compared using t-test or chi square test. Secondly, a univariate analysis was conducted on the fracture and non fracture subgroups of stroke patients using the aforementioned method. All samples were weighted to account for potential biases and to ensure that the study’s findings are representative of the broader population. This approach is crucial for enhancing the accuracy and generalizability of the research results (29). Then, we employed weighted logistic regression models to estimate the adjusted odds ratios (aOR) for fracture occurrence, accounting for various covariates and adjusting for independent variables across different demographic groups. Model 1 focused on the influence of age, gender, and race, while Model 2 expanded the analysis to include education, marital status, family monthly poverty level category, cotinine levels, and history of alcohol consumption. These additional variables in Model 2 aimed to provide a more comprehensive understanding of the factors associated with fracture risk. Both models were designed to control for potential confounding effects, ensuring that the estimated odds ratios were adjusted for the influence of these independent variables (30). Next, Judd and Kenny’s recommendations and Baron and Kenny’s causal step approach were employed to investigate the relationship between stroke, depression, and fracture among the population aged 50 and above.Therefore, the three regression processes would estimate the follow ing effects: (1) the effect of stroke on fracture; (2) the effect of stroke on depressive symptoms; (3) the effect of depressive symptoms on fracture when stroke were controlled; and (4) the effect of stroke on fracture when depressive symptoms were controlled (31). In our analyses, covariates were adjusted to enhance model estimation precision. The Sobel test was applied to assess the significance of the indirect effect, with a Z-value surpassing 1.96 indicating significance. Effect sizes and 95% confidence intervals were determined using bootstrapping with 5,000 resamples, considering effects significant if their intervals did not span zero. Statistical tests were two-tailed, with p < 0.05 set as the threshold for significance (25) (Figure 1).

[image: Flowchart showing participant selection for a study. Total participants were 15,560. Exclusions: 10,591 in total; 10,573 for being under 50 years old, 8 for missing fracture data, and 10 for missing stroke data. Final analysis included 4,969 participants.]

FIGURE 1
 Flow chart.





3 Result


3.1 Univariate analysis

The results of univariate analysis are shown in Table 1. We found significant association between participants with and without fractures in terms of age, race, marital status, education level, tobacco smoke exposure, alcohol consumption, bone density level, depression status, and stroke. Compared with the non fracture group, the fracture group had a higher proportion of patients diagnosed with stroke (10.93% > 6.18%, p < 0.001), depression (11.13% > 6.21%, p < 0.05), and osteoporosis (21.63% > 11.51%, p < 0.001). However, there is no significant association between dizziness and fractures(44.35% > 39.91%, p > 0.05).



TABLE 1 Weighted univariate analysis of factors affecting fractures.
[image: Table comparing demographic and health variables between groups with and without fractures. Significant differences (p < 0.05) are noted in age, race, marital status, education level, serum cotinine, alcohol use, osteoporosis, depression, and stroke.]



3.2 Subgroup analysis

Subgroup analysis was conducted to confirm which factors affect fractures in the stroke population. The results of subgroup analysis are shown in Table 2. We found a significant association between gender, race, osteoporosis, depression, and fractures in stroke patients. Specifically, among stroke patients, the proportion of male fractures is lower (26.14% < 52.22%, p < 0.001), while the probability of female fractures is higher (73.86% > 47.78%, p < 0.001). In addition, stroke patients with depression(29.67% > 13.16%, p < 0.001) and osteoporosis(33.33% > 15.81%, p < 0.05) are more likely to experience fractures.



TABLE 2 Weighted univariate analysis of the impact on fractures in stroke patients.
[image: A table compares various variables between fracture and non-fracture stroke participants. Key details include age, gender, race, marital status, education level, poverty level, BMI, high blood pressure, glucose, diabetes, cotinine levels, alcohol use, osteoporosis, dizziness, and depression. Significant differences are highlighted in gender, race, osteoporosis, and depression with p-values under 0.05. Participants with fractures are 101, and non-fractures are 334. The table showcases the percentage distributions and mean values for each group.]



3.3 Logistic regressive analysis

The associations between stroke, depression, and fracture risk were evaluated using Unadjusted, Model I, and Model II approaches. The effect sizes, ORs, and 95% CIs are presented in Table 3. The results showed that stroke was positively associated with fracture risk in both Unadjusted model (OR = 1.862, 95% CI: 1.348–2.573, p < 0.001) and Model I (OR = 1.789, 95% CI: 1.240–2.581, p < 0.01). However, there is no significant association in Model II. In the stroke population, using non depressed individuals as a reference, there was a significant positive association between depression and fractures among Unadjusted (OR = 2.785, 95% CI: 1.271–6.101, p < 0.05), Model I (OR = 3.737, 95% CI:1.470–9.498, p < 0.01) and Model II (OR = 3.068, 95% CI: 1.026–9.175, p < 0.05).



TABLE 3 Multi-model regression analysis of fracture risk in stroke patients by depression status.
[image: Table comparing the adjusted odds ratios (aOR) with 95% confidence intervals (CI) and p-values for stroke incidence. Three models are shown: Unadjusted, Model I, and Model II. For stroke occurrence, "Yes" has an aOR of 1.862 in the Unadjusted model with a p-value of 0.0005, 1.789 in Model I with a p-value of 0.0031, and 1.624 in Model II with a p-value of 0.0845. For stroke with depression, the aOR is 2.785 with p-value 0.0125 in the Unadjusted model, 3.737 with p-value 0.0075 in Model I, and 3.068 with p-value 0.0453 in Model II. Bolded text indicates p < 0.05.]



3.4 Mediation analysis

Regression analysis was utilized to explore the mediating role of depressive symptoms on the relationship between stroke and fracture. Meanwhile, we adjusted the covariate osteoporosis, age, gender, race, marital status, education level, family monthly poverty level category, tobacco exposure and alcohol. The Sobel and bootstrap tests were conducted to check for indirect, direct, and total effects. Table 4 shows that the percentage of depression mediated stroke and fracture is 7.657% (Z = 2.31, p < 0.05). As shown in Figure 2, Sobel test indicates that indirect effects (Z = 2.80, p < 0.01), direct effects (Z = 3.61, p < 0.001), and total effective rate (Z = 3.92, p < 0.001) are significant. This indicates that stroke can cause depressive symptoms, thereby increasing the risk of fractures. The boot strap method indicated that the direct effect of stroke on fracture was 0.079 (95% CI: 0.036–0.121), while the total effect was 0.085 (95% CI: 0.043–0.128). The indirect effect of stroke on fracture mediated by depressive symptoms was 0.007 (95% CI: 0.002–0.011).



TABLE 4 Mediation analysis of depression on stroke and fracture.
[image: Table displaying statistical results for the pathway from stroke to depression to fracture. Estimate: 7.657, Standard Error: 3.314, 95% Confidence Interval: 2.21 to 11.83, Z-score: 2.31, with a p-value of 0.0209 highlighted in bold. Covariates considered include osteoporosis, age, gender, race, marital status, education level, family monthly poverty level, tobacco smoke exposure, and alcohol.]

[image: Flowchart illustrating the relationship between depression, stroke, and fracture. Depression leads to stroke and fracture, with a Natural Indirect Effect (NIE) of 0.006527. Stroke influences fracture with a Controlled Direct/ Natural Direct Effect (CDE/NDE) of 0.07872. The total effect of stroke on fracture is 0.08524.]

FIGURE 2
 The relationship between stroke, depression and fracture. (a) CDE: Controlled Direct Effect; NDE: Natural Direct Effect; NIE(a*b): Natural Indirect Effect. (b) Adjusted covariates osteoporosis/age/gender/race/marital status/education level/family monthly poverty level category/tobacco smoke exposure/alcohol.





4 Discussion

Using data from 2017 to 2020 in the National Health and Nutrition Examination Survey (NHANES), the study found a significant association between stroke and fractures, with depressive symptoms mediating the risk of fractures in stroke patients (32). Sobel and Bootstrap methods supported the results of fundamental analysis, demonstrating the robustness of the results (33).

The relationship between stroke and fracture is influenced by multiple factors. While stroke survivors are prone to dizziness, often leading to falls and fractures (34, 35). However, the present study found no significant association between dizziness and fracture risk in this population. This suggests that dizziness may not be a primary factor in stroke-related fractures (36). As is well known, osteoporosis is the primary factor leading to fractures (37). The study identified a significant association between osteoporosis and fractures in stroke patients, likely due to limited mobility, reduced mechanical load from paralysis (38), and oxidative stress from cerebral ischemia–reperfusion injury. This stress disrupts the dynamic balance of osteoblast differentiation, apoptosis, and metabolism, contributing to osteoporosis (39). At the same time, gender emerges as an important influencing factor (40). Table 2 shows that in the stroke population, women in the stroke population are more prone to fractures than men. Yao et al. (41) reveal that estrogen fluctuations during menopause disrupt neurotransmitter secretion, affecting osteoblast and osteoclast balance and leading to osteoporosis. Furthermore, estrogen may contribute to osteoporosis progression by inducing oxidative stress, triggering inflammatory responses, and modulating microRNA expression, further increasing fracture susceptibility (42).

Existing research confirms that depression plays a pivotal mediating role in stroke and its associated complications (43), with a significant association between stroke and depression (44). In addition, osteoporosis can be triggered by increased life stress and depression (45). Hence, we cautiously posit that depression could serve as a critical intermediary in the relationship between stroke and fractures. Table 3 shows that the stroke and unadjusted fracture models showed significant associations. Nonetheless, following the partial adjustment for confounding factors, the association observed between stroke and fracture models became non-significant. This indicates that the association between stroke and fractures is likely due to a complex interplay of various contributing elements (46). However, stratified regression analyses of the stroke population yielded a significant association between depressive status and the fracture model in the stroke population, whether or not confounders were excluded (47). Therefore, depression plays an important role in the relationship between stroke and fracture. Table 4 indicates that while the mediated association between depression and the occurrence of stroke-related fractures is modest (7.57%, p < 0.05) but statistically significant (48). The Sobel test results, as illustrated in Figure 2, confirm the statistical significance of the indirect effects (Z = 2.80, p < 0.01), direct effects (Z = 3.61, p < 0.001), and total effects (Z = 3.92, p < 0.001) of stroke on depressive symptoms and subsequent fracture risk. Bootstrap analysis provides a more nuanced view, pinpointing the direct effect of stroke on fractures at 0.079 (95% CI: 0.036–0.121) and the total effect at 0.085 (95% CI: 0.043–0.128). The indirect effect, mediated by depression, is a modest but significant 0.007 (95% CI: 0.002–0.011). These insights highlight the pivotal role of depression as a mediator in the relationship between stroke and fracture risk, underscoring the need for integrated approaches in managing these conditions (49).

In addition to exploring depression as a mediator between stroke and fracture risk, the underlying neurophysiological mechanisms warrant further investigation. Stroke induces structural and functional impairments in critical brain regions, which can precipitate negative emotional states such as depression (50). This emotional disturbance is associated with dysregulation of neurotransmitter secretions (51). Specifically, the HPA axis increases cortisol levels while decreasing serotonin levels (52). These imbalances impair osteoblast function, hinder calcium absorption in bones, and impede skeletal angiogenesis (53). Consequently, bone microarchitecture is compromised, and normal bone turnover and metabolism are disrupted, predisposing individuals to osteoporosis and an increased risk of fractures. Conversely, fractures also impact stroke recovery (47). Research indicates that fractures can enhance inflammation in the peri-infarct area, thereby exacerbating ischemic stroke (54). Furthermore, inadequate post-fracture care leading to lower extremity deep vein thrombosis also increases the risk of stroke (55). Thus, stroke and fractures may have a reciprocal causal relationship, with regulatory mechanisms based on the “brain-neuro-musculoskeletal” axis.

During the analysis, we searched for papers published on PubMed before September 2024 using the keywords “stroke,” “fracture,” and “depression.” A total of 199 papers were retrieved, of which three were relevant to our study. Yeh et al. (56) found that post-stroke depression significantly contributes to hip fractures among stroke survivors, exerting a disproportionately negative effect on younger individuals, irrespective of gender and the presence of comorbid conditions. Kelly et al. (57) consider that the brain-bone axis plays a crucial role in the regulation of skeletal metabolism, sensory innervation, and endocrine crosstalk among these organs. Furthermore, a previous study identified a notable association between stroke and fractures in elderly patients undergoing rehabilitation post-stroke (58). However, unlike our findings, no significant disparities in depressive symptoms and functional status were observed upon admission and discharge among the compared patient cohorts. This discrepancy may be related to the failure to exclude confounding factors (59). Additionally, the previous study did not quantify depression’s influence on the stroke-fracture relationship. Moreover, it lacked an analysis of the underlying mechanisms at play.

Our research has to some extent overcome these shortcomings and has the following advantages. Firstly, we established a distinct association between stroke and fractures, particularly noting a significant association between fracture incidence and depression in stroke patients. Secondly, we employed a weighted regression model to scrutinize the relationship between depression and fractures in this patient population, effectively addressing the challenge of a limited sample size. Thirdly, through an in-depth analysis with depression as a mediating variable, we discovered that while depression’s contribution is not substantial, its statistical significance is marked. Lastly, we propose an interactive relationship exists between brain neurotransmitters and bone cells, potentially regulated by the ‘brain-bone’ axis.

However, our study has some limitations. The sample size is relatively small and the data is restricted to the American demographic, primarily composed of Hispanic Americans, the elderly, and children, which may affect the generalizability of the findings. Additionally, the stroke situation is obtained through self-report, which could easily cause recall bias. Moreover, NHANES only records fracture data for individuals over 50 years old, preventing us from observing stroke and fracture incidence in younger populations.

The cross-sectional design of our study limits the ability to establish a temporal sequence among stroke, depression, and fracture occurrence. Future studies should incorporate multicenter and demographically diverse cohorts to further validate the intricate relationships among these variables. A prospective study design would be beneficial, as it would allow for a more accurate assessment of the temporal relationships between stroke, depression, and fracture risk (60). This approach would help in understanding the causal pathways and potential differences in outcomes across various stroke subtypes, such as ischemic and hemorrhagic strokes. Additionally, intervention studies could be recommended to evaluate the impact of targeted mental health interventions on reducing fracture risk in stroke patients. Such studies could include randomized controlled trials to assess the efficacy of depression management programs in improving bone health outcomes and reducing fall-related injuries. Moreover, animal experiments exploring the mechanisms of the brain-bone axis could provide valuable insights into the underlying physiological processes. Studies using animal models can help elucidate the bidirectional communication between the brain and bone, involving factors such as neuroendocrine signals and extracellular vesicles. Such research could advance our understanding of neuroendocrine signals and extracellular vesicles, ultimately contributing to the development of therapeutic strategies for treating both neurological and musculoskeletal disorders. By exploring these mechanisms, researchers may pave the way for developing novel therapeutic strategies that target both neurological and musculoskeletal disorders.



5 Conclusion

This study indicates a positive association between stroke and fractures, highlighting depression as a substantial mediating factor. It suggests that clinicians should consider both conditions concurrently in their assessments.
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Background: Our study aims to utilize unsupervised machine learning methods to perform inflammation clustering on stroke patients via novel CBC-derived inflammatory indicators (NLR, PLR, NPAR, SII, SIRI, and AISI), evaluate the mortality risk among these different clusters and construct prognostic models to provide reference for clinical management.
Methods: A cross-sectional analysis was conducted using data from stroke participants in the U.S. NHANES 1999–2018. Weighted multivariate logistic regression was used to construct different models; consensus clustering methods were employed to subtype stroke patients based on inflammatory marker levels; LASSO regression analysis was used to construct an inflammatory risk score model to analyze the survival risks of different inflammatory subtypes; WQS regression, Cox regression, as well as XGBoost, random forest, and SVMRFE machine learning methods were used to screen hub markers which affected stroke prognosis; finally, a prognostic nomogram model based on hub inflammatory markers was constructed and evaluated using calibration and DCA curves.
Results: A total of 918 stroke patients with a median follow-up of 79 months and 369 deaths. Weighted multivariate logistic regression analysis revealed that high SIRI and NPAR levels were significantly positively correlated with increased all-cause mortality risk in stroke patients (p < 0.001), independent of potential confounders; Consensus clustering divided patients into two inflammatory subgroups via SIRI and NPAR, with subgroup 2 having significantly higher markers and mortality risks than subgroup 1 (p < 0.001); LASSO regression analysis showed subgroup 2 had higher risk scores and shorter overall survival than subgroup 1 [HR, 1.99 (1.61–2.45), p < 0.001]; WQS regression, Cox regression, and machine learning methods identified NPAR and SIRI as hub prognostic inflammatory markers; The nomogram prognostic model with NPAR and SIRI demonstrated the best net benefit for predicting 1, 3, 5 and 10-year overall survival in stroke patients.
Conclusion: This study shows NPAR and SIRI were key prognostic inflammatory markers and positively correlated with mortality risk (p < 0.001) for stroke patients. Patients would been divided into 2 inflammatory subtypes via them, with subtype 2 having higher values and mortality risks (p < 0.001). It suggests that enhanced monitoring and management for patients with high SIRI and NPAR levels to improve survival outcomes.
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 stroke; machine learning; consensus cluster; inflammation subtype; neutrophil-percentage-to-albumin ratio; systemic inflammatory response index


1 Introduction

Stroke, also termed cerebrovascular accident (CVA), is characterized by rapidly developing neurological deficits due to sudden cerebral blood flow disruption, leading to long-term disability or mortality. As a leading global cause of disability and death (1), stroke affects approximately 15 million individuals annually, with a substantial proportion experiencing recurrent events or persistent functional impairments. The inflammatory cascade plays a dual role in post-stroke pathophysiology, mediating both secondary neuronal injury and repair processes (2). While inflammation has emerged as a promising therapeutic target, the clinical benefits of systemic anti-inflammatory interventions remain controversial. Consequently, stratifying acute ischemic stroke (AIS) patients based on inflammatory heterogeneity may enhance pathophysiological understanding and enable tailored therapeutic modulation of neuroinflammation, thereby optimizing cerebral protection and functional recovery.

Complete blood count (CBC)-derived inflammatory indices—including neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), neutrophil percentage-to-albumin ratio (NPAR), systemic inflammation response index (SIRI), systemic immune-inflammation index (SII), and aggregate index of systemic inflammation (AISI)—provide integrative prognostic insights by quantifying interactions among platelets, neutrophils, and lymphocytes. These indices have demonstrated diagnostic and prognostic utility across multiple diseases. In AIS, compelling evidence highlights their clinical relevance: NLR independently predicts 90-day functional outcomes (3), while NLR, PLR, lymphocyte-to-monocyte ratio (LMR), and SIRI correlate with in-hospital mortality, length of stay (4), and 3-month disability rates (5). Notably, these CBC-based biomarkers reflect real-time inflammatory dynamics through routine hematological testing, offering practical advantages over conventional cytokine assays. Their integration into AIS subtyping frameworks may thus facilitate precision medicine by identifying high-risk phenotypes amenable to targeted immunomodulation.

Unsupervised machine learning (ML), a statistical approach that identifies latent patterns by analyzing the underlying structures of unlabeled data, has demonstrated unique value in medical research for classification and risk stratification (6). As a pivotal branch of unsupervised ML, consensus clustering enables precise phenotypic classification by iteratively validating multidimensional feature heterogeneity across patient populations, independent of outcome variables. This methodology has been successfully applied to elucidate disease mechanisms and optimize therapeutic strategies across various conditions (7–10). Notably, its potential is emerging in stroke research. For instance, Yang et al. (11) classified AIS patients into three molecular subtypes based on peripheral blood monocyte transcriptomic profiles, revealing that the high-inflammatory-response subtype exhibited a significantly elevated risk of hemorrhagic transformation, providing critical insights for timing immunomodulatory therapies. Similarly, Cui et al. (12) integrated clinical and neuroimaging data using unsupervised ML to identify a subgroup showing superior therapeutic responses to a “statin combined with repetitive transcranial magnetic stimulation” regimen. However, existing studies have yet to systematically explore the role of CBC (complete blood count)-derived inflammatory indices (e.g., SIRI, NPAR) in AIS subtyping. These indices not only dynamically reflect key inflammatory pathways, such as neutrophil–platelet interactions, but also offer practical advantages for point-of-care testing.

This study applies consensus clustering to resolve inflammatory heterogeneity in AIS, aiming to achieve dual objectives: (1) identifying pathophysiologically meaningful stroke inflammatory subtypes based on CBC-derived inflammatory indices, and (2) constructing interpretable ML prognostic models to quantify mortality risk disparities across subtypes. Ultimately, this work seeks to provide evidence-based guidance for anti-inflammatory therapy optimization and monitoring frequency stratification (e.g., dynamic inflammation monitoring in high-risk subtypes), thereby facilitating the clinical translation of precision medicine in AIS management.



2 Methods


2.1 Data source

The National Health and Nutrition Examination Survey (NHANES) database is dedicated to the systematic collection of data pertaining to the health and nutritional status of households in the United States. It encompasses a wide array of information, including demographic characteristics, dietary assessments, results from physical examinations, responses to questionnaires, laboratory findings, and data with restricted access. The database utilizes a sophisticated stratified, multistage clustered sampling technique to ensure that the statistical sample accurately reflects the broader U.S. population. This research was sanctioned by the Ethics Review Committee of the National Center for Health Statistics, and informed consent was secured from all participants through signed consent forms. Comprehensive details regarding the publicly available NHANES research design and data can be found at https://www.cdc.gov/nchs/nhanes/.



2.2 Study population

This cohort study examined data from the continuous National Health and Nutrition Examination Survey (NHANES), which was conducted between 1999 and 2018. Participants under the age of 20, those with incomplete complete blood count (CBC) parameters, individuals lacking specific information regarding stroke, and those with missing critical covariate and follow-up data were excluded from the analysis. Consequently, the final sample comprised 918 patients diagnosed with stroke. Given the inclusion of hematological parameters in our study, we employed mobile examination center (MEC) weights for the data analysis. The weight calculation for the cohorts from 1999 to 2000 and 2001–2002 was determined using the formula 2/10 × wtmec4yr, whereas for the cohorts from 2003 to 2018, the formula applied was 1/10 × wtmec2yr.



2.3 Definition of inflammatory indices

The inflammatory markers evaluated in this research included the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), neutrophil percentage-albumin ratio (NPAR), systemic immune-inflammation index (SII), systemic inflammatory response index (SIRI), and aggregate index of systemic inflammation (AISI), all of which are derived from standard complete blood count (CBC) tests. The formulas utilized for the computation of these ratios are as follows: NLR = Neutrophil count (NC) / Lymphocyte count (LC); PLR = Platelet count (PC) / Lymphocyte count (LC); SII = (Platelet count (PC) × Neutrophil count (NC)) / Lymphocyte count (LC); NPAR = (Neutrophil percentage of total white blood cell count (%) × 100) / Albumin (g/dL); SIRI = (Neutrophil count (NC) × Monocyte count (MC)) / Lymphocyte count (LC); AISI = (Neutrophil count (NC) × Platelet count (PC) × Monocyte count (MC)) / Lymphocyte count (LC).



2.4 Covariates

The covariates utilized in this research included age, race, and ethnicity, which were categorized into the following groups: Mexican American, other Hispanic, non-Hispanic White, non-Hispanic Black, and other races. Educational attainment was classified into three distinct categories: individuals with less than a high school education, high school graduates, and those with education beyond high school. Family income was stratified into two categories: low income (less than 1.3 times the federal poverty level) and high income (greater than 3.5 times the federal poverty level). Smoking status was delineated between current smokers—defined as individuals who have smoked 100 or more cigarettes in their lifetime—and non-smokers, which included those who have smoked 100 cigarettes or fewer or who have never smoked. Alcohol consumption was operationally defined as the consumption of at least 12 alcoholic beverages within any year of the participant’s life. The diagnosis of diabetes was established based on one or more of the following criteria: confirmation by a physician or healthcare professional; a fasting blood glucose level of 126 mg/dL or higher; an HbA1c percentage of 6.5% or greater; or the use of diabetes medications, including insulin.



2.5 Statistical analysis

All statistical analyses were conducted with consideration of the intricate design of the National Health and Nutrition Examination Survey (NHANES). In the table detailing baseline characteristics, continuous variables were presented as weighted means accompanied by 95% confidence intervals (CIs), while categorical variables were expressed as weighted percentages with corresponding 95% CIs. To evaluate differences between groups, weighted linear regression and weighted chi-square tests were employed.

To investigate the relationships between six inflammatory markers and the risk of all-cause mortality in stroke patients, three logistic regression models were utilized. NPAR and SIRI were selected for consensus clustering subtype analysis, and LASSO regression was applied to develop a risk score model aimed at analyzing the mortality risk associated with different subtypes. Consensus clustering was implemented using K-means clustering with Euclidean distance through the ConsensusClusterPlus package (1.64.0). Subsequently, weighted quantile sum (WQS) regression models were employed to estimate the combined effects of the six inflammatory markers, allowing for the identification of primary markers through the calculated WQS index. Additionally, methods such as XGBoost, random forest (RF) and support vector machine recursive feature elimination (SVMRFE) were utilized to select key prognostic inflammatory markers. Ultimately, a prognostic nomogram model was developed based on the identified key inflammatory prognostic markers. The predictive accuracy of this nomogram was evaluated using calibration curves, while decision curve analysis (DCA) was conducted to assess the potential benefits to patients derived from the model.




3 Results


3.1 Study cohort selection

Following the exclusion of participants lacking comprehensive primary variable data and mortality status information during the follow-up period from the NHANES database, a total of 918 individuals aged 20 years and older who had experienced a stroke were identified. The flowchart illustrating the study’s inclusion and exclusion criteria is depicted in Figure 1.

[image: Flowchart of participant selection from NHANES 1999-2018. Initially, 83,466 participants. 57,959 excluded due to age under 20, missing data on demographics, health status, and follow-up information. Remaining 25,507 participants; 24,589 without stroke excluded. Final count is 918 stroke participants included in the study.]

FIGURE 1
 Study population screening flowchart.




3.2 Baseline characteristics of the study cohort

Table 1 presents the baseline characteristics of the study cohort. Over a median follow-up period of 79 months, a total of 369 deaths were recorded, with deceased individuals being a significantly older (p < 0.001). in addition to household income, smoking status, and diabetes status, there were marked differences in the distributions of sociodemographic, behavioral, and health-related characteristics between the two groups. Furthermore, among the six inflammatory indicators assessed, the death group presented significantly greater NLR, NPAR, SIRI, and AISI values than the survival group (p < 0.001).



TABLE 1 Baseline characteristics of study participants in stroke patients, weighted.
[image: Table presenting characteristics of stroke patients divided into "Alive" and "Dead" groups. Categories include age, gender, race, education, income, BMI, drinking, smoking, hypertension, diabetes, and various indices (NLR, PLR, NPAR, SII, SIRI, AISI). The p-values indicate statistical significance, with several characteristics showing significant differences, notably age, education, BMI, drinking, smoking, hypertension, and several indices.]



3.3 The associations between inflammatory markers and all-cause mortality in stroke patients

Table 2 presents the findings from the weighted multivariable logistic regression analysis. In Model 1, elevated levels of four inflammatory markers were found to be significantly correlated with an increased risk of all-cause mortality among stroke patients, particularly within the higher SIRI group, which exhibited an odds ratio (OR) of 1.49 (95% confidence interval [CI], 1.25–1.77). In Model 2, following adjustments for additional covariates including age, sex, race, education level, and alcohol consumption, the risk associated with three inflammatory markers remained significantly elevated, with SIRI demonstrating an OR of 1.29 (95% CI, 1.05–1.57). In Model 3, after controlling for all covariates, NPAR and SIRI, continued to exhibit a significant positive association with the risk of all-cause mortality in stroke patients (p < 0.05).



TABLE 2 Stepped logistic regression models showing the association between inflammation indicators and the odds of stroke patients.
[image: Table comparing models for indicators NLR, PLR, NPAR, SII, SIRI, and AISI with odds ratios, confidence intervals, and p-values. NLR: Model 1 (1.24, 0.008), Model 2 (1.16, 0.066), Model 3 (1.14, 0.077). PLR: Model 1 (1.00, 0.200), Model 2 (1.00, 0.700), Model 3 (1.00, 0.600). NPAR: Model 1 (1.01, 0.002), Model 2 (1.01, 0.006), Model 3 (1.01, 0.010). SII: Model 1 (1.00, 0.120), Model 2 (1.00, 0.200), Model 3 (1.00, 0.300). SIRI: Model 1 (1.49, <0.001), Model 2 (1.29, 0.015), Model 3 (1.24, 0.029). AISI: Model 1 (1.00, 0.003), Model 2 (1.00, 0.049), Model 3 (1.00, 0.090).]



3.4 KM survival curve analysis

Figure 2 shows the results of the Kaplan–Meier plotter curve analysis, which demonstrated that higher expression levels of SIRI (hazard ratio [HR], 1.94 [1.57–2.39], p < 0.001) and NPAR (HR, 1.58 [1.29–1.95], p < 0.001) are associated with a significant reduction in the survival probability of patients who have experienced a stroke.

[image: Two Kaplan-Meier survival curves compare overall survival probabilities over time. The left graph shows SIRI with a hazard ratio of 1.94 and a p-value of 6.59e-10. The right graph shows NPAR with a hazard ratio of 1.58 and a p-value of 1.32e-05. Both graphs compare low (blue) versus high (red) groups, with decreasing survival probabilities. Numbers at risk are displayed below each graph for both groups.]

FIGURE 2
 Kaplan–Meier plotter of SIRI and NPAR.




3.5 Construction of inflammation-related subtypes

The results of the consensus clustering analysis, which utilized the key inflammatory markers NPAR and SIRI, are illustrated in Figures 3A–C. The PAC metric identified the optimal number of clusters as k = 2, leading to the formation of two distinct clusters: C1 (n = 491) and C2 (n = 427). The principal component analysis (PCA) plot indicates a strong separation between cluster C2 and cluster C1, as depicted in Figure 3E. Furthermore, the Kaplan–Meier (KM) curve analysis assessing all-cause mortality risk for the two inflammatory subtypes revealed that the survival probability for subtype C2 was significantly lower than that for subtype C1 (Figure 3D). An examination of the baseline clinical characteristics for the two subtypes, presented in Table 3, indicated that both age and inflammatory markers were significantly elevated in subtype C2 compared to subtype C1 (p < 0.05).

[image: Panel A shows a consensus matrix heatmap with clusters one and two. Panel B presents a line graph of delta area changes in CDF curves for different k-values. Panel C displays a layered line graph of consensus CDF for values two to ten. Panel D is a 3D scatter plot distinguishing clusters one and two by color. Panel E is a Kaplan-Meier survival plot comparing overall survival for clusters one and two, showing a hazard ratio of 1.53 and a significant p-value of 4.17e-05.]

FIGURE 3
 Two inflammation-cluster based NPAR and SIRI. (A) Unsupervised cluster analysis of SIRI and NPAR developed two clusters (k = 2); (B) Consensus CDF curves when k = 2 to 10; (C) Relative alterations in CDF delta area curves; (D) Kaplan–Meier plotter of two clusters. *p < 0.05, ***p < 0.001; (E) 3D Principal Component Analysis delineating the segregation between Cluster C1 and Cluster C2.




TABLE 3 Characteristics of the study population in two inflammation cluster.
[image: A table comparing characteristics across two clusters of a total sample size of 918. It details mortality status, age, gender, race, education, income, BMI, smoker, drinker, hypertension, diabetes status, and several biochemical markers. P-values indicate statistical differences. Key metrics include mortality rates, age medians, gender distribution, race percentages, education levels, income status, BMI ranges, and markers like NLR, PLR, and MLR. Cluster 1 and Cluster 2 each have their specific data summarized and compared regarding these characteristics.]



3.6 Analysis of the subtype prognostic inflammation risk scoring model

A risk model was established utilizing LASSO-Cox regression analysis to evaluate the survival risk associated with various subtypes (Figures 4A,B). The risk score is computed using the following formula: Risk score = (0.1543 × NLR) + (0.0017 × PLR) + (0.0041 × NPAR) + (0.4874 × SIRI) − (0.0012 × SII). Subsequently, patients who experienced a stroke were categorized into high-risk and low-risk groups based on the median risk score. Figure 4C illustrates the distribution of risk scores alongside survival duration in stroke patients. The results of the KM analysis presented in Figure 4D indicate that the overall survival time for the high-risk group, characterized by elevated risk scores, is significantly shorter than that of the low-risk group (HR, 1.99 (1.61–2.45), p < 0.001), thereby suggesting a poorer prognosis for the high-risk cohort. Furthermore, Figure 4E displays the receiver operating characteristic (ROC) curve, revealing that the area under the curve (AUC) for the time-dependent ROC at 1, 3, and 5 years for the three cohorts is 0.706, 0.655, and 0.673, respectively, which indicates that the prognostic model exhibits commendable predictive performance. Additionally, Figure 4F indicates that Cluster 2 possesses a higher risk score, while Figure 4G presents a Sankey diagram that depicts the distribution of inflammation risk scores, encompassing both the risk scores and survival status across the two subtypes.

[image: Graphs display statistical analyses related to risk scores and survival data.   A) Plot showing partial likelihood deviance against log lambda values.   B) Coefficient paths versus log lambda.   C) Risk score and overall survival (OS) status over time, with patients ranked by risk.   D) Kaplan-Meier curve for overall survival by risk group.   E) ROC curves for 1, 3, and 5-year timeframes, with respective AUC values.   F) Violin plot illustrating risk scores across two clusters.   G) Sankey diagram linking clusters to risk categories and mortality status.]

FIGURE 4
 Construction and validation of the risk score model. (A,B) Constructed a prognostic model in the through LASSO COX regression analysis. (C) Risk scores distribution and survival status of each patient. (D) Kaplan–Meier curves for the survival probability of the two subtypes. (E) ROC curves illustrated the predictive efficacy of the risk score for 1-, 3-, and 5-year survival; (F) The difference in risk scores between two clusters; (G) Alluvial diagram of subtype distributions and prognosis of stroke patients.




3.7 Screening of hub prognostic inflammation indicators based on WQS regression analysis and machine learning

The weighted quantile sum (WQS) model (Figure 5A) used to evaluate the relationships between six inflammatory markers and the risk of all-cause mortality among stroke patients, revealing a positive association between these inflammatory indicators and mortality risk (slope 0.36, p < 0.001). An analysis of the primary contributions of the inflammatory markers within the WQS model indicated that the SIRI had the most substantial effect (73.82%), followed by NPAR (12.42%), NLR (8.61%), and PLR (3.28%). The XGBoost algorithm identified the SIRI, NPAR, AISI, and NLR as the four most significant inflammatory indicators (Figure 5B), while the RF algorithm corroborated these findings, also ranking the SIRI, NPAR, AISI, and NLR as the top four indicators (Figure 5C). Furthermore, the Support Vector Machine Recursive Feature Elimination (SVMRFE) algorithm demonstrated that reducing the number of indicators to five minimized classification errors and maximized accuracy, identifying SIRI, AISI, NLR, NPAR, and SII as key indicators (Figure 5D). In summary, the NPAR and SIRI were ultimately recognized as central prognostic inflammatory indicators.

[image: Panel A includes two plots: a bar chart of WQS model regression index weights highlighting SIRI as the highest, and a scatter plot illustrating the WQS model regression with a fitted line. Panel B presents the XGBoost model results, showing feature importance with SIRI as the most influential, SHAP value distribution, and mean SHAP values. Panel C features RF SHAP value distributions, while Panel D displays SVM SHAP values, both using color gradients to indicate feature values' impact.]

FIGURE 5
 Evaluating the importance of indicators based on WQS analysis, XGBoost, RF, SVMRFE, and COX analysis (A) WQS model regression index weights for inflammation indicators on stroke patients; (B) Screening of prognostic biomarkers based on XGBoost algorithm; (C) Important features selected by random forest algorithm; (D) Through SVF-RFE algorithm selects the best indicators.




3.8 Construction of a prognostic model for all-cause mortality risk in stroke patients

Based on the evaluation of key prognostic inflammatory markers, NPAR and SIRI were identified for the development of a prognostic nomogram model (Figure 6A). The concordance index (C-index) for this prognostic model was determined to be 0.637 (95%CI, 0.627–0.647). Analysis of the calibration curve demonstrated a strong alignment between the observed and predicted overall survival rates at 1, 3, 5, and 10 years (Figure 6B). Furthermore, decision curve analysis (DCA) revealed that the integrated model, which incorporates these two inflammatory indices, offers the most favorable net benefit for overall survival across the same time intervals (Figure 6C).

[image: Image A is a nomogram showing points for predicting survival probabilities over one, three, five, and ten years based on NPAR and SIRI. Image B is a calibration plot comparing observed versus predicted survival probabilities at one, three, and five-year intervals. Image C presents a decision curve analysis of net benefit across different risk thresholds for one, three, five, and ten-year survival models.]

FIGURE 6
 Construction of a prognostic model for all-cause mortality risk in stroke patients. (A) The Nomogram containing NPAR and SIRI; (B) The calibration plot of nomogram; (C) The DCA curves of nomogram.





4 Discussion

The present study investigated the relationship and prognostic significance of six novel inflammatory markers derived from CBC data in relation to all-cause mortality among patients who have experienced a stroke. Our findings revealed a statistically significant positive correlation between the inflammatory markers NPAR and SIRI and the risk of all-cause mortality in this patient population (p < 0.001). Consequently, we employed consensus clustering to categorize stroke patients into two distinct inflammatory subtypes. Notably, subtype 2 exhibited markedly elevated levels of inflammatory marker expression and a heightened risk of all-cause mortality when compared to subtype 1 (p < 0.001). These results offer valuable insights for the inflammatory risk stratification and management of clinical stroke patients, underscoring the necessity for intensified monitoring and intervention for individuals with elevated levels of SIRI and NPAR, which may ultimately contribute to improved survival outcomes.

This research initially utilized logistic regression and weighted multivariable Logit models to evaluate the associations between six novel inflammatory markers derived from complete blood counts (CBC) and the risk of all-cause mortality among patients who have experienced a stroke. These inflammatory markers, derived from routine CBC tests, reflect the body’s immune activation status and inflammatory burden. Our focus on NPAR, SIRI, and other CBC-based indices was motivated by their cost-effectiveness and universal availability in routine clinical practice and emerging evidence supporting their prognostic value in stroke patients. Our investigation, utilizing data from the NHANES database, assessed the cumulative effects of various novel combined inflammatory indicators, thereby enhancing our understanding of their influence on the prognostic outcomes for stroke patients. The findings indicated that inflammation is a significant factor in the prognosis of stroke patients, particularly highlighting a strong positive correlation between elevated levels of the SIRI and NPAR with an increased risk of all-cause mortality among this population (p < 0.001). These results imply that inflammation is a critical component in the pathophysiology of stroke and possesses substantial prognostic value in forecasting all-cause mortality in stroke patients, independent of potential confounding variables such as demographic factors, socioeconomic status, and lifestyle choices. This result aligns with prior studies (3–5). A study (13) involving 1,484 stroke patients indicated that an increased mitochondrial DNA copy number is correlated with a decrease in mortality rates, implying that inflammatory processes may influence the prognosis of individuals who have experienced a stroke. Collectively, these findings support the hypothesis that inflammatory markers can act as prognostic indicators of mortality among stroke patients. Nevertheless, the literature presents conflicting results. For example, a separate investigation involving 1,316 stroke patients found no significant association between the systemic immune-inflammation index and mortality, suggesting that the relationship may differ based on specific patient demographics or the methodologies employed in the studies (14). Additionally, another study suggested that while inflammation is a key factor in stroke, its role in predicting mortality may not be as direct due to the complex interactions of various biological processes involved in stroke recovery (15). These discrepancies may arise from variations in study design, sample size, and the particular inflammatory markers evaluated.

Utilizing the findings from model 3 of the weighted multivariable logistic regression, which accounted for all covariates, we identified the SIRI and NPAR as significant inflammatory indicators. We then employed consensus clustering to categorize stroke patients into distinct inflammatory subtypes. The results of the clustering analysis revealed two separate inflammatory subgroups, with subgroup 2 demonstrating markedly elevated levels of inflammatory markers and an increased risk of all-cause mortality in comparison to subgroup 1 (p < 0.001). Following this, we developed an inflammatory risk scoring model for stroke patients through LASSO regression analysis to evaluate survival risks across the identified subtypes. The findings indicated that the risk score for subgroup 2 was significantly greater than that for subgroup 1, with subgroup 2, classified as high-risk, exhibiting a notably reduced overall survival compared to the low-risk group (HR, 1.99 (1.61–2.45), p < 0.001). This suggests that the high-expression subtype 2 is associated with a poorer prognosis. These results provide a valuable reference for the inflammatory risk stratification management of clinical stroke patients, highlighting the necessity for enhanced monitoring and management of individuals with elevated levels of SIRI and NPAR, which may contribute to improved patient survival outcomes.

Finally, we employed a variety of statistical methods—including weighted quantile sum (WQS) regression and three machine learning techniques—to identify key inflammatory markers that influence stroke prognosis. The WQS model demonstrated a significant association between six inflammatory markers and the risk of all-cause mortality in stroke patients, revealing a positive correlation between these inflammatory indicators and mortality risk (slope = 0.36, p < 0.001). Integrating these various statistical results, NPAR and SIRI were ultimately identified as hub prognostic inflammatory indicators. A prognostic nomogram model was subsequently constructed based on these indicators. Evaluation of the model’s performance through calibration curves and decision curve analysis (DCA) revealed that the comprehensive model incorporating both NPAR and SIRI offered the best net benefit for predicting overall survival in stroke patients at 1, 3, 5, and 10 years. These statistical methods, from different analytical perspectives, enhanced the robustness of our conclusions and emphasized the importance of inflammatory markers as potential intervention targets in managing the mortality risk of stroke patients, providing a new perspective on the prognostic value of inflammatory markers in stroke patients. It reminds us to pay special attention to NPAR and SIRI, as both serve as reliable prognostic indicators, with their elevation often accompanying a high risk of mortality in stroke patients, consistent with previous studies. For example, Cui et al.’s (16) retrospective study found that NPAR was positively correlated with adverse functional outcomes (OR, 2.76 (1.52–5.03), p = 0.001); Yang et al.’s (17) study shown that NPAR was independently associated with the risk of recurrence within 3 months (OR 9.71 (3.05–31.62), p < 0.001); Chen et al.’s study (18) indicated that higher NPAR still had significant predictive ability for 30-day all-cause mortality (HR, 1.45 (1.05–2.00), p < 0.05); Huang et al.’s (19) research displayed that SIRI exhibited strong predictive ability in identifying adverse outcomes and stroke-associated pneumonia, with higher SIRI values typically associated with negative endpoints. However, two critical gaps are addressed in our work. Our study utilized the NHANES database to analyze not only the long-term prognostic outcomes of stroke patients but also to stratify patients based on inflammatory risk, providing a reference for healthcare professionals in identifying different inflammatory subtypes in stroke patients and offering personalized treatment.

Our inflammatory subtype prognostic model is positioned as a complementary decision-support tool to established stroke prognostic scores (e.g., ASTRAL, iScore), specifically designed to provide inflammation-enhanced risk stratification. We propose a stepped integration protocol in clinical practice—initial baseline risk assessment using conventional scores (e.g., THRIVE) followed by individualized adjustments based on inflammatory subtypes, including anti-inflammatory therapy intensification and monitoring frequency stratification (6-month intervals for low-risk vs. monthly for high-risk subgroups). Nonetheless, it is important to recognize the limitations of this study. Firstly, the dependence on the NHANES database may introduce biases typical of observational studies, as there may be unmeasured confounding variables despite our comprehensive statistical adjustments. Secondly, single-timepoint biomarkers cannot capture post-stroke inflammatory dynamics. Third, the lack of stroke subtyping data prevented us from exploring potential differences in inflammatory profiles between ischemic and hemorrhagic stroke, which warrants further investigation in cohorts with detailed phenotyping. To address these limitations, we have initiated a prospective validation study (Haiyan Stroke Cohort) featuring with dynamic multi-timepoint monitoring. This protocol has been approved by Haiyan People’s Hospital Ethics Committee (2024-52) and the preliminary results will be reported in 2026.



5 Conclusion

In conclusion, our study identified a significant positive correlation between the inflammatory markers NPAR and SIRI and all-cause mortality among stroke patients. Consequently, we developed various inflammatory subtypes and prognostic models based on these findings. This research not only underscores the relevance of these biomarkers as potential prognostic indicators but also establishes a comprehensive framework for clinical risk stratification and patient management. By integrating inflammation assessment into standard clinical practice, we can enhance patient outcomes and facilitate the development of targeted interventions, which are essential for addressing the morbidity and mortality challenges associated with stroke. Specifically, for patient populations at elevated risk of inflammation, personalized treatment strategies can markedly improve prognosis and mitigate the long-term burden related to stroke.
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Background: Upper limb spasticity is a common and disabling sequela of stroke, which significantly impairing motor function and the capacity to perform activities of daily living (ADL). The relative efficacy of different physical therapies and their combinations compared to monotherapies remains unclear.
Methods: A comprehensive database search was conducted to identify randomized controlled trials (RCTs) published from database inception to 2024 that evaluated physical therapies for post-stroke upper limb spasticity. Data were analyzed using RevMan and STATA/R software with a Bayesian framework for network meta-analysis. Evidence consistency was assessed via node-splitting approaches, and intervention efficacy was ranked using the surface under the cumulative ranking curve (SUCRA). Effect sizes were expressed as mean differences (MD) with 95% confidence intervals (CI), and study quality was evaluated using the Grading of Recommendations, Assessment, Development, and Evaluations (GRADE) system.
Results: Forty-nine RCTs involving 3,219 patients were included. The combination of physical rehabilitation (PR) with repetitive transcranial magnetic stimulation (rTMS) and electro-acupuncture (EA) demonstrated the highest improvement in Fugl-Meyer Assessment for Upper Extremity (FMA-UE) scores (91.1%), outperforming PR alone (13.2%) or EA monotherapy (30.3%). PR combined with rTMS and body acupuncture (BA) shows the most significant improvement in the Modified Barthel Index (MBI) (83.1%), superior to PR (20.8%) or BA (23.8%) alone. Adverse events (e.g., minor bruising from EA) were infrequent and self-resolving.
Conclusion: Current evidence indicates that synergistic application of PR with rTMS and acupuncture (EA/BA) significantly enhances upper limb motor function and ADL capacity. However, GRADE evaluations rated most evidence as moderate quality, limited by implementation bias, insufficient subgroup analyses, and lack of long-term follow-up data. Future studies should adopt standardized protocols and investigate efficacy variations across stroke subtypes.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/CRD42025633289, identifier [CRD42025633289].
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1 Introduction

Upper limb dysfunction following a stroke represents a significant cause of long-term disability in patients, frequently occurring in conjunction with a range of injuries, including upper limb weakness and spasticity. The principal manifestation of upper limb spastic paralysis is an increase in muscle tone on the affected side, which is characterized by symptoms such as shoulder adduction and internal rotation, elbow flexion and pronation, wrist flexion and ulnar deviation, and finger clenching (1). This can result in a number of adverse effects, including pain, muscle contraction, changes in soft tissue structure, weakness, associated reactions, loss of passive function, limited active function, and a decrease in quality of life. This has a significant impact on the patient’s activities of daily living (2). The pathological mechanism of upper limb spasticity is complex, involving damage to the corticospinal tract, peripheral mechanisms, extensor mechanisms, and potential spastic dystonia, among other factors (3). Furthermore, because the upper limb’s role in more refined and diverse functions, the recovery of its dysfunction is more complex and slow, posing significant challenges to the patient’s daily life and social participation.

Nevertheless, research has demonstrated that spasticity can be effectively managed in the chronic phase of stroke through appropriate intervention, thereby enhancing motor function and facilitating the restoration of limb function (4). It is therefore imperative to identify and investigate efficacious rehabilitation techniques to facilitate enhanced recovery of upper limb function in patients. At present, there is a general consensus on the rehabilitation treatment for this condition, both domestically and internationally. The aforementioned treatments are primarily comprised of physical exercise and occupational therapy. In recent years, the advancement of medical technology and the intensification of clinical research have given rise to a multitude of novel rehabilitation therapies, including acupuncture, massage, proprioceptive neuromuscular facilitation (PNF), repetitive transcranial magnetic stimulation (rTMS), and theta-burst stimulation (TBS). A number of studies (5–8) have demonstrated that these physical therapies can facilitate the improvement of post-stroke spastic paralysis to a certain extent. However, existing research has predominantly focused on monotherapies, with insufficient comparative investigations of multimodal therapeutic regimens, leaving the optimal therapeutic combinations poorly defined.

Network meta-analysis (NMA) overcomes the limitations of traditional pairwise meta-analyses, which are restricted to comparing two interventions at a time, by integrating direct and indirect evidence to systematically evaluate the synergistic effects of complex multimodal rehabilitation strategies within a unified framework (9). This study applied NMA to compare the efficacy of 21 intervention modalities for post-stroke upper limb spasticity, aiming to provide evidence-based insights for personalized, multimodal rehabilitation protocols. A total of 49 randomized controlled trials (RCTs) involving 3,219 participants, published between 2009 and 2024, were included. Outcomes were quantified using the Fugl-Meyer Assessment for Upper Extremity (FMA-UE) for motor function and the Modified Barthel Index (MBI) for activities of daily living (ADL). A Bayesian network meta-analysis (implemented in STATA/R) was conducted to comprehensively assess efficacy differences among rehabilitation therapies, neuromodulation techniques, and integrative traditional Chinese medicine (TCM) regimens. Interventions were ranked via the surface under the cumulative ranking curve (SUCRA). The results elucidated effectiveness hierarchies through probabilistic estimates and established indirect efficacy comparison pathways for interventions lacking direct comparative data. This framework provides clinicians and patients with a scientific foundation for optimizing combined strategies of rehabilitation, neuromodulation, and TCM therapies, while bridging critical evidence gaps in the current literature on post-stroke spasticity management.



2 Methods


2.1 Registration

The evaluation plan of this system has been registered with the International Prospective Register of Systematic Reviews (PROSPERO) under registration number CRD42024607022. This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Network Meta-Analyses (PRISMA-NMA), as detailed in the Supplementary Appendix S1.



2.2 Search strategy

A systematic search of the following databases was conducted in order to identify eligible randomized controlled trials (RCTs): The following databases were searched: PubMed, Embase, Cochrane Library, Web of Science, China National Knowledge Infrastructure (CNKI), China Biomedical Literature Database (CBM), China Science and Technology Journal (VIP) database, and Wanfang Database. The search was conducted from the inception of the databases to October 2024, with the search terms limited to Chinese or English language sources. Furthermore, the reference lists of the retrieved relevant review articles were examined to ascertain whether any additional literature had been overlooked. The search strategy employed the following keywords: (“stroke” OR “cerebrovascular accident” OR “cerebral infarction” OR “cerebral haemorrhage”) AND (“spastic paralysis” OR “rigid paralysis” OR “paralysis, spastic”) AND (“upper extremity”) AND (“acupuncture” OR “massage” OR “rTMS” OR “low-frequency electrical stimulation”). Additionally, the search was conducted in Chinese databases using Chinese characters with the same meanings (shown in Supplementary Appendix S2).



2.3 Literature selection criteria

The literature screening and adjustment were conducted in accordance with the inclusion and exclusion criteria set forth in Table 1.



TABLE 1 Eligibility criteria for relevant studies.
[image: Table detailing study criteria with inclusion and exclusion categories. Inclusion includes population, intervention, comparators, outcomes, languages, and study designs. Exclusion specifies conditions like spastic paralysis, age under eighteen, non-pharmacological treatments not covered, lack of valid outcome, other languages, and non-randomized trials.]



2.4 Data collection and extraction

Two researchers (JY-S and S-L) conducted the preliminary search and excluded titles and abstracts that were not pertinent to the subject matter of this review, while also cross-verifying the screening results. Furthermore, two additional researchers (MT-B and XW-S) conducted independent evaluations of the remaining titles and abstracts, obtained the full texts of these studies, and determined whether they met the inclusion criteria. They also cross-checked these results. Only after confirming that the full-text literature met the inclusion criteria was it included in the study, and the relevant Data were analyzed were then extracted. The extracted content comprised the following elements: basic study information (first author, publication year, diagnostic criteria, number of participants), study design (including sample size, specific description of interventions, type of control group, duration of treatment, treatment cycle, frequency), participant characteristics (age, gender, type of stroke and duration of stroke), outcomes, and data on the quality of the studies (randomization method, allocation concealment, implementation of blinding, loss to follow-up or withdrawal, etc.). Subsequently, an additional researcher (FY-C) undertook an independent review of the extracted data. Any discrepancies were resolved through discussion with FY-C.



2.5 Quality assessment

The methodological quality of each study was evaluated by two researchers (MT-B and XW-S) using the Cochrane Risk of Bias tool (ROB2). The Cochrane tool identifies seven potential areas of bias, including sequence generation, allocation concealment, blinding of participants and personnel, incomplete outcome data, selective outcome reporting, and other biases. The risk of bias and quality of evidence for each domain can be categorized as low risk, unclear risk (insufficient detail or not reported), or high risk of bias. In order to assess the quality of the included literature, the Consolidated Standards of Reporting Trials (CONSORT) guidelines (10) were adopted. Furthermore, the quality of evidence for each outcome measure was evaluated using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system (11), with ratings classified as high, moderate, low, or very low levels, respectively. Any discrepancies that arose during the assessment process were resolved by a third researcher (FY-C).



2.6 Statistical analysis

Pairwise meta-analyses were conducted utilizing RevMan 5.4 software (Cochrane Collaboration, Oxford, United Kingdom). In the case of continuous data, the mean difference (MD) and its 95% confidence interval (CI) were employed as a means of measuring the effect size. In the case of binary data, the effect size was evaluated using the odds ratio (OR) and its 95% confidence intervals (CIs). The extent of heterogeneity among the included studies was assessed using Cochran’s Q test (p-value) and Higgins’s I2 statistic. If p ≥ 0.05 and I2 ≤ 50%, heterogeneity was considered acceptable, and a fixed-effect model was used. Otherwise, a random-effects model was selected.

In conducting the network meta-analysis, the STATA 14.0 (Stata Corp, College Station, Texas, United States) and the R 4.3.3 (maintained by the R Core Team, Vienna, Austria) were employed to perform the requisite analysis within a Bayesian framework. In the event of a closed loop of evidence, an initial assessment of the inconsistency of the evidence was conducted. An inconsistency model was constructed to ascertain whether the p-value exceeded 0.05. If the p-value is greater than 0.05, this indicates that there is no significant inconsistency and that a consistency model should be selected for subsequent effect size estimation. Conversely, if the p-value was less than or equal to 0.05, this indicated significant inconsistency across the studies. In such cases, it was necessary to investigate the sources of inconsistency and consider the use of an inconsistency model or the implementation of sensitivity analyses to assess the potential impact of this inconsistency on the study results. In view of the potential heterogeneity of the included studies, a random-effects model was employed for the synthesis of the data. As the outcome variables of the studies were continuous, the effect size was measured using mean differences (MDs) and 95% confidence intervals (CIs). Markov Chain Monte Carlo (MCMC) methods were employed to estimate the model, with four chains configured, 20,000 iterations, and a burn-in period of 5,000, setting a thinning interval of 1. To confirm model convergence, Brooks-Gelman-Rubin diagnostics plots, chain trace plots, and probability density plots were examined. The node-splitting method was employed to assess the consistency of direct and indirect comparisons. If the resulting p-value was greater than 0.05, it was inferred that there was a higher degree of consistency. In instances where closed-loop comparisons were present, the inconsistency factor (IF) was utilized for evaluation purposes. If the 95% CI encompassed 0, this indicated that there was consistency between the direct and indirect evidence. Furthermore, the Surface Under the Cumulative Ranking (SUCRA) was calculated to probabilistically rank the various treatment interventions, with SUCRA scores ranging from 0 to 100%, where higher scores indicated superior treatment effectiveness. In analyzing the result data, consideration was given to the potential impact of baseline differences by employing a correlation coefficient R value of 0.5 in the following formula (Equations 1, 2) for estimation.

[image: Equation showing mean deviation change. It states that the mean deviation change (\( \overline{\text{MD}_{\text{Change}}} \)) equals the final mean deviation (\( \overline{\text{MD}_{\text{Final}}} \)) minus the baseline mean deviation (\( \overline{\text{MD}_{\text{Baseline}}} \)), followed by the number one in parentheses.]

[image: Formula for standard deviation change: \(SD_{\text{Change}} = \sqrt{(SD_{\text{Baseline}})^2 + (SD_{\text{Final}})^2 - (2 \times R \times SD_{\text{Baseline}} \times SD_{\text{Final}})}\).]




3 Results


3.1 Results of the search

In accordance with the established inclusion criteria, our preliminary search yielded a total of 1,466 published studies. Following the preliminary review, 581 studies were identified as duplicates and subsequently removed. The remaining 885 studies were then subjected to independent examination by two researchers, with their titles and abstracts analyzed. A total of 179 studies were excluded on the basis of their irrelevance to the research question. Subsequently, a comprehensive review was conducted on the 706 selected studies, with a detailed assessment of their study design, participant population, interventions, and outcome measurements. In conclusion, a total of 49 RCTs (12–60) were included in the final analysis. The process of study selection is outlined in detail in the PRISMA flow diagram (shown in Figure 1).

[image: Flowchart illustrating a systematic review process. Initial identification: 1,466 records from various databases, none from other sources. After duplicates removal, 885 records were screened. Exclusion: 179 records due to titles, animal studies, case reports, language, or unavailable full text. 706 full-text articles assessed; 657 excluded for non-randomized trials, irrelevant diagnoses or interventions, invalid comparisons, or results. Ultimately, 49 studies included in meta-analysis.]

FIGURE 1
 Flowchart of literature screening.


The studies included in the analysis spanned a period of approximately 15 years, from September 2009 to March 2024. The studies were distributed across a number of countries, including mainland China (n = 44), Taiwan, China (n = 2), Brazil (n = 1), Turkey (n = 1) and Iran (n = 1) Of the included trials, 42 RCTs (12, 13, 15–28, 30–35, 37, 38, 41, 42, 44–55, 57–60) were two-arm designs (85.71%), 6 RCTs (14, 29, 36, 39, 40, 56) were three-arm designs (12.24%), and 1 RCTs (43) was a four-arm experiment (2.04%). The studies exhibited considerable variation in terms of sample size, duration of treatment, and intervention measures. In total, the studies recruited 3,219 participants, with 1,697 allocated to the experimental group and 1,522 to the control group. The number of participants ranged from 12 (19) to 204 (45). The baseline characteristics of the participants in the two groups were generally similar, with the average age being 60.24 years (standard deviation 9.15). However, one study (16) did not provide data on the mean age. Seven studies (15, 22, 30, 36, 43, 44, 58) did not report the mean duration of disease. Among the remaining 42 studies, the mean duration of disease ranged from (8.2 ± 6.6) days (27) to (58.9 ± 27.2) months (18). Regarding disease phases, the majority of studies (12–14, 16, 17, 20, 21, 23–26, 28, 29, 31, 33–35, 37, 38, 40–42, 45, 46, 48–57, 59, 60) (75.5%, 37/49) involved patients in the subacute phase, whereas only 4 (18, 19, 32, 39) and 1 studies (27) focused on chronic and acute phases, respectively. With the exception of one study (19) that did not provide gender information, the proportion of male participants among those who had experienced a stroke was 59.34%. Four studies (23, 29, 38, 58) provided data on patient dropout and the specific reasons for this, with the number of dropouts ranging from one to five individuals.

The included RCTs employed seven physical rehabilitation treatment methods, including physical rehabilitation (PR, encompassing exercise training and functional activity training, among others). The remaining treatments were acupuncture therapy (including body acupuncture BA and electro-acupuncture, EA), massage (M), PNF, rTMS, extracorporeal shock wave therapy (ESWT), and TBS (including continuous theta burst stimulation cTBS and intermittent theta burst stimulation iTBS). These physical rehabilitation treatments may be applied either individually or in combination, forming a total of 21 distinct treatment strategies. The core operational parameters of the interventions exhibited limited overall heterogeneity (shown in Supplementary Table S1), with the following modality-specific patterns: In the 16 studies (18–20, 25, 28, 31, 37, 39, 40, 44, 48, 52, 54, 57, 58, 60) that employed rTMS, a low-frequency stimulation pattern of 1 Hz was frequently utilized. However, there was some variation in stimulation intensity thresholds, ranging from 60 to 120% of resting motor threshold (RMT) or active motor threshold (AMT). Furthermore, the target of stimulation in all studies focused on the primary motor cortex (contralesional M1) contralateral to the lesion. Among the 6 studies (43, 46, 47, 55, 56, 59) employing ESWT, five (46, 47, 55, 56, 59) opted for a frequency of 8 Hz, while one (43) selected 5 Hz. The energy intensity was modulated based on anatomical location, with the majority of upper limb treatment parameters ranging from 1.0 to 3.0 bar. For instance, Ai et al. (56) utilized a gradient strategy (1.0–2.0 bar for the upper limb and 2.0–3.0 bar for the elbow-shoulder complex) depending on the site, whereas Chen et al. (59) employed a uniform intensity program (3.0 bar). Of the 4 studies (20, 30, 38, 40) employing TBS, all utilized 80% AMT. In acupuncture treatments, the duration of a single stimulation of BA ranged from 15–30 min, and all studies (13, 16, 21, 23, 24, 27, 29, 32–35, 41–43, 46, 47, 50, 51, 53, 55, 56, 58, 60) using BA focused on upper limb acupoints. The frequency parameters of EA exhibited a bimodal distribution, with a low-frequency group (2–5 Hz) (14, 52) and a high-frequency group (50–100 Hz) (12). Among the 8 studies (15, 22, 26, 35, 36, 41, 45, 49) employing M therapy, the single-session intervention duration ranged from 10 to 40 min, with all protocols exclusively applied to the spastic upper limb.

In terms of outcomes, a total of 41 studies (14, 15, 18, 24, 26, 27, 30, 37, 39, 49, 52, 53, 56, 59–61) employed the Fugl-Meyer Assessment-Upper Extremity (FMA-UE) scale, a tool with a maximum score of 66 points, designed to assess patients’ motor function, balance, joint pain, and range of motion. Furthermore, 34 studies (14, 19, 21–23, 25–28, 31, 32, 34–38, 40–44, 46–49, 51–53, 56–61) employed the Modified Barthel Index (MBI) scale to assess patients’ abilities in activities of daily living. The MBI has a total score of 100 points and encompasses aspects such as self-care ability, mobility, and degree of dependence. In both assessment tools, a higher score indicates superior functional performance of the patient. Additional details regarding the characteristics of the studies are presented in Table 2.



TABLE 2 Characteristics of the included studies.
[image: A comprehensive table displaying various research studies. Columns include Author, Year, Sample (Total/Control/Intervention; Male/Female), Age, Stroke Type (Ischemic/Hemorrhagic), Course of Disease, Treatment, Intervention Period, Outcome, and Drop-out Situation (Total/Control/Intervention). These studies analyze different treatment methods and outcomes for stroke rehabilitation, featuring various sample sizes, treatment durations, and outcomes like FMA-UE and MBI. Dropped-out participants are noted in some entries, while others report none.]

Follow-up outcomes were reported in 7 studies (18, 20, 25, 39, 46, 48, 54), revealing time-dependent therapeutic effects: A study (48) conducted post-intervention revealed that patients in the low-frequency rTMS group exhibited a significantly higher MBI scores at the 2-week follow-up when compared to the conventional group (p < 0.05), thereby suggesting an early effect of enhanced ability in performing ADL. Three studies found that at 4-week follow-up, myotonia modified Ashworth scale (MAS) scores were reduced by ≥1 in the rTMS group by up to 55.5% (18) and that combined cTBS maintained upper limb motor function and improved carpal flexor spasticity (39), but did not significantly enhance ADL independence (25). Three-month follow-up data suggest that combined rTMS with an iTBS regimen resulted in sustained improvements in motor function (20), with a significantly lower relapse rate in the observation group than in the control group (54). Furthermore, Zhang et al. (46) reported a significant improvement in self-assessed outcome (PRO) scores from baseline in both groups (p < 0.05).



3.2 Risk-of-bias assessment

The results of the bias risk assessment for the included studies are presented in Supplementary Figure S1. Three studies (23, 29, 56, 58) were classified as exhibiting a high risk of bias, six (18, 25, 30, 34, 39, 43) were deemed to have a low risk of bias, and the remaining studies were situated between these two categories, indicating a certain level of bias risk. While the majority of studies adhered to the fundamental tenets of the CONSORT statement, the absence of certain essential information is a notable shortcoming. For example, deficiencies were identified in the description of intervention similarity, discussion of trial limitations, and assessment of external validity. The reporting of blindness and allocation concealment, two fundamental methods for controlling bias, was inadequate, thereby further undermining the reliability of the trial results. Furthermore, the majority of studies did not indicate whether they had been registered, which restricts the capacity to evaluate the transparency and reliability of the trials. Further detailed assessment information can be found in Supplementary Appendix S3.



3.3 Pairwise meta-analysis

In order to evaluate the impact of different interventions on the improvement of patients’ upper limb function, a comprehensive analysis was conducted on studies utilizing the same treatment and observing the same outcome indicators. This analysis was employed to facilitate direct paired meta-analyses for the FMA-UE and MBI, with 25 and 22 studies, respectively. For the FMA-UE scores, the following interventions were compared to PR: BA (two RCTs; MD = 5.6, 95% CI: 0.90, 10, [image: It seems there was an error displaying the image. Please try uploading the image again, and I will assist you in generating alt text.] = 0.39), PR+rTMS (ten RCTs; MD = 7.2, 95% CI: 4.4, 9.9, [image: It seems you're trying to upload or reference an image, but it wasn't successfully attached. Please try uploading the image again or provide a URL. If you have any additional context or caption, feel free to include it.] < 0.00001), PR+ESWT (two RCTs; MD = 7.2, 95% CI: 2.4, 12, [image: Mathematical symbol "p" with a tilde accent above it, commonly used to denote conjugate momenta or similar concepts in advanced mathematics and physics.] < 0.00001), PR+EA (two RCTs; MD = 12, 95% CI: 5.6, 18, [image: It seems there was an issue with image uploads or a typo in your request. Please try uploading the image again or provide a URL. If you have any additional context or a caption, feel free to add it!] < 0.00001), PR+BA (eleven RCTs; MD = 6.1, 95% CI: 4.0, 8.2, [image: It seems there was an issue with the image. Please try uploading it again or provide a description so I can help create the alternate text.] = 0.68), PR+M (five RCTs; MD = 7.2, 95% CI: 3.9, 11, [image: It looks like there was an error displaying the image. Please try uploading the image again or provide a URL or additional context for the image.] < 0.00001), PR+ESWT+BA (five RCTs; MD = 7.5, 95% CI: 2.8, 12, [image: It seems like there was an issue with displaying the image. Please try uploading the image file directly or provide a correct URL, and I will help generate the alternate text.] = 0.15), all showing superior effects to PR. BA+ESWT (one RCT; MD = 11, 95% CI: 3.1, 19, [image: It seems there was an issue with the image upload. Please try uploading the image again or provide a URL, and I will help you generate the alternate text.] < 0.00001) was more effective than BA alone, EA+rTMS (one RCT; MD = 8.3, 95% CI: 1.0, 16, [image: Italic lowercase letter "p" with a diacritic symbol above it, resembling a breve accent.] < 0.00001) was more effective than EA alone, PR+M (one RCT; MD = 16, 95% CI: 5.1, 27, [image: The image contains a lowercase italic letter "p" with an acute accent above it.] < 0.00001) had a better effect than M alone. In addition, PR+ESWT+BA (one RCT; MD = 4.4, 95% CI: 1.6, 7.2, [image: To provide alt text, please upload the image or provide a URL. Optionally, you can add a caption for more context.] = 0.51) was more effective than PR+ESWT, and PR+ESWT+BA (four RCTs; MD = 4.6, 95% CI: 1.1, 8.1, [image: Mathematical notation showing the letter "p" with a small tilde above it, indicating a specific notation or concept related to the variable "p".] < 0.00001) was superior to PR+BA. With regard to the MBI scores, the following interventions were observed to yield enhanced outcomes in comparison to PR: PR+rTMS (eight RCTs; MD = 6.6, 95% CI: 0.074, 13, [image: It seems like there's an issue with the image. Could you please upload the file again or provide more context for assistance?] < 0.00001), PR+BA (eight RCTs; MD = 9.0, 95% CI: 2.9, 15, [image: It seems like there was an issue with uploading the image. Please try uploading the image again or provide a URL or context for further assistance.] < 0.00001), PR+M (four RCTs; MD = 18, 95% CI: 9.5, 27, [image: A stylized letter "p" with a tilde symbol on top, represented in a mathematical or typographic font.] < 0.00001), PR+ESWT+BA (two RCTs; MD = 16, 95% CI: 2.9, 30, [image: It seems like there is an issue with displaying the image. Please try uploading the image again, and I will be happy to help generate alt text for it.] = 0.80) all demonstrated statistically significant superiority over PR. Furthermore, no statistically significant differences were identified in the comparisons between the remaining treatment measures. For further details, please refer to Table 3.



TABLE 3 The results of the paired meta-analysis.
[image: A table displaying results of two assessments: FMA-UE and MBI, with columns for comparison groups, mean difference with confidence interval, number of studies, number of patients, I-squared value, and p-value. Significant results are in bold. Various comparisons involve physical rehabilitation and acupuncture methods.]



3.4 Network meta-analysis

The transferability hypothesis was evaluated by means of a comparison of the FMA-UE baseline data. The results demonstrated MD = −0.0609, with 95% CI [−0.2749; 0.1531], and [image: A mathematical symbol "p" with a tilde above it, indicating that it is likely referring to an approximation or an estimate of a probability.] = 0.5772 > 0.05. This indicates that there was no statistically significant difference in the baseline FMA-UE scores among the included studies, and thus no heterogeneity. Similarly, a comparison of the MBI baseline data revealed MD = −0.1220, with 95% CI [−0.5859; 0.3419], and [image: If you can upload the image or provide a URL, I can help generate appropriate alt text for it.] = 0.6063 > 0.05. This indicates that no significant heterogeneity was detected between the MBI baseline data. In light of these findings, it can be concluded that the transferability hypothesis is supported, indicating that the baseline characteristics across different studies are comparable. This provides support for the reliability of the study outcomes.

The inconsistency tests for the FMA-UE and MBI scores yielded [image: It appears there was an issue with providing the image. Please try uploading the image again or ensure the URL is correct. If you need help, let me know!]-values of 0.7784 and 0.6056, respectively, both greater than 0.05. Consequently, a consistency model was selected for subsequent analysis. To further investigate the potential for internal distribution inconsistency, a node-splitting method was employed for additional testing. The forest plots demonstrate that there are no statistically significant differences between the direct and indirect comparisons at each split node ([image: A mathematical symbol representing the letter "p" in italic font commonly used to denote a variable or parameter in equations and scientific notations.] > 0.05), indicating that there is no evidence of inconsistency (shown in Supplementary Figure S2). In the closed-loop inconsistency test, all 95% CIs were found to include 0, indicating a high degree of consistency in the closed-loop comparisons (shown in Supplementary Table S2). Furthermore, the Brooks-Gelman-Rubin diagnostic plots indicated that the median and 97.5th percentile of the shrinkage factor exhibited a tendency toward 1 and reached a stable state after 5,000 iterations. Subsequently, the Bayesian model computations were completed with 20,000 iterations, as illustrated in Supplementary Figure S3. Furthermore, the trajectory and density plots of the model were analyzed (shown in Supplementary Figure S4). These results consistently indicate that the model exhibited excellent convergence.

Figures 2A,B present the NMA diagrams for the impact of different treatments on FMA-UE and MBI scores, respectively. The size of the nodes in the diagrams is proportional to the number of participants in each intervention, while the thickness of the lines between nodes is proportional to the number of studies that have been conducted to make the corresponding comparisons. The largest sample sizes were observed for the PR, PR+BA, and PR+M interventions. The most frequently compared pairs were PR vs. PR+rTMS and PR vs. PR+BA.

[image: Network diagrams showing connections between different treatments in two panels. Panel A uses red nodes, and Panel B uses blue nodes. The size of the nodes and thickness of the lines vary, indicating the strength or weight of the connections. Various treatment combinations are labeled, with larger circles representing more significant nodes.]

FIGURE 2
 Network evidence diagram. PR, Physical rehabilitation; BA, Body acupuncture; EA, Electro-acupuncture; M, Massage; PNF, Proprioceptive Neuromuscular Facilitation; BA+ESWT, Body acupuncture plus extracorporeal shock wave treatment; BA+PNF, Body acupuncture plus proprioceptive neuromuscular facilitation; BA+M, Body acupuncture plus massage; EA+rTMS, Electro-acupuncture plus repetitive transcranial magnetic stimulation; PT+cTBS, Physical rehabilitation plus continuous theta burst stimulation; PT+iTBS, Physical rehabilitation plus intermittent theta burst stimulation; PT+rTMS, Physical rehabilitation plus repetitive transcranial magnetic stimulation; PT+ESWT, Physical rehabilitation plus extracorporeal shock wave treatment; PT+EA, Physical rehabilitation plus electro-acupuncture; PT+BA, Physical rehabilitation plus body acupuncture; PT+M, Physical rehabilitation plus massage; PT+rTMS+cTBS, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus continuous theta burst stimulation; PT+rTMS+iTBS, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus intermittent theta burst stimulation; PT+rTMS+BA, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus body acupuncture; PT+ESWT+BA, Physical rehabilitation plus extracorporeal shock wave treatment plus body acupuncture; PT+rTMS+EA, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus electro-acupuncture; FMA-UE, The Fugl-Meyer Assessment-Upper Extremity scale; MBI, The Modified Barthel Index scale. (A) The Fugl-Meyer Assessment-Upper Extremity scale (FMA-UE). (B) The Modified Barthel Index scale (MBI).


A league table (Supplementary Table S7) provides a summary of the comparative results of different treatment methods. The table presents the treatment effects based on FMA-UE scores in the lower triangular area and the results related to MBI scores in the upper triangular area. In order to evaluate the efficacy of treatments in improving upper limb motor function, this study compared the effects of standalone PR with various combined treatment. The findings demonstrate that the combined treatments, when compared to the standalone PR, yielded significantly enhanced outcomes in terms of FMA-UE scores. The combined treatments BA+ESWT (MD = −15.15, 95% CI: −23.75, −6.48), EA+rTMS (MD = −12.11, 95% CI: −23.18, −1.07), PR+EA (MD = −11.66, 95% CI: −17.69, −5.56), and PR+rTMS+EA (MD = −17.57, 95% CI: −27.15, −7.97) were able to increase the scores by more than 10 points. Further analysis indicates that, in comparison to the BA treatment alone, the treatments of BA+ESWT (MD = −10.76, 95% CI: −18.7, −3.09) and PR+rTMS+EA (MD = −13.12, 95% CI: −23.51, −2.78) demonstrated more pronounced improvements in FMA-UE scores. Similarly, the combination of PR+ rTMS+EA (MD = −13.68, 95% CI: −24.84, −2.75) also demonstrated superior therapeutic efficacy in comparison to EA treatment alone. Furthermore, the treatments of BA+ESWT (MD = −23.16, 95% CI: −35.43, −10.96), BA+PNF (MD = −21.79, 95% CI: −40.12, −2.79), EA+rTMS (MD = −20.04, 95% CI: −33.92, −6.17), PR+rTMS (MD = −15.11, 95% CI: −24.11, −5.86), PR+rTMS (MD = −14.97, 95% CI: −24.64, −5.16), PR+EA (MD = −19.58, 95% CI: −30.17, −8.97), PR+BA (MD = −14.15, 95% CI: −22.88, −5.13), PR+M (MD = −15.21, 95% CI: −23.7, −6.52), PR+rTMS+BA (MD = −16.69, 95% CI: −27.91, −5.3), PR+ESWT+BA (MD = −17.86, 95% CI: −27.17, −8.45), and PR+rTMS+EA (MD = −25.48, 95% CI: −38.2, −12.58) all showed significant improvements in FMA-UE scores compared to M. Similarly, the combination of PR+rTMS+EA (MD = −10.41, 95% CI: −20.38, −0.45) demonstrated superior efficacy compared to PR+rTMS. The combination of PR+rTMS+EA (MD = −11.36, 95% CI: −21.23, −1.57) demonstrated a superior therapeutic effect compared to PR+BA. The combination of PR+rTMS+EA (MD = −10.3, 95% CI: −20.29, −0.1) demonstrated superior efficacy compared to PR+M, while the combination of PR+rTMS+EA (MD = −20.21, 95% CI: −39.79, −0.81) exhibited enhanced effectiveness compared to PR+rTMS+ITBS. However, when compared to BA, M was observed to have a slightly lesser impact on the total FMA score (MD = 12.33, 95% CI: 2.72 to 21.78). Similarly, PR+BA was less effective in increasing the FMA-UE score than BA+ESWT (MD = 9.01, 95% CI: 0.32 to 17.66).

In terms of enhancing patients’ capacity to perform activities of daily living, combined treatment exhibited greater efficacy than did the use of PR alone. Specifically, PR+M (MD = 18.12, 95% CI: 9.33, 26.7), PR+rTMS+BA (MD = 19.7, 95% CI: 5.77, 33.59), and PR+ESWT+BA (MD = 17.32, 95% CI: 7.32, 27.63) were all significantly more efficacious than PR alone. Further comparison revealed that the PR+M (MD = 27.19, 95% CI: 5.68, 48.22), PR+rTMS+cTBS (MD = 28.88, 95% CI: 0.29, 57.68), PR+rTMS+BA (MD = 28.75, 95% CI: 4.79, 53.01), and PR+ESWT+BA (MD = 26.42, 95% CI: 4.16, 48.75) all demonstrated superiority over the PR+iTBS. Furthermore, the PR+M (MD = 11.51, 95% CI: 0.3, 22.18) exhibited superior outcomes in comparison to the PR+rTMS.

The SUCRA values for each intervention method were calculated in order to facilitate a probabilistic ranking. The specific data can be found in Supplementary Table S3 and Supplementary Figure S5. A probability rank histogram was constructed for the purpose of visually presenting these rankings. As illustrated in Figure 3A, the three most efficacious treatment modalities for enhancing FMA-UE scores were PR+rTMS+EA (91.1%), BA+ESWT (84%), and BA+PNF (74.8%). Figure 3B illustrates that the most efficacious three treatment protocols for enhancing patients’ activities of daily living and increasing MBI scores were PR+rTMS+BA (83.1%), PR+M (80.6%), and PR+rTMS+cTBS (79.0%). Furthermore, probability rank graphs and tables were constructed, and their outcomes corroborated those of the probability rank histograms, thus providing additional validation of the analytical findings.

[image: Two bar graphs labeled A and B display probability distributions across treatments A to U. Each bar is color-coded to represent ranks 1 through 19. Graph A shows a prominent peak at treatment D, while graph B has a noticeable peak at treatment K.]

FIGURE 3
 Probability ranking diagram. A, Physical rehabilitation; B, Body acupuncture; C, Electro-acupuncture; D, Massage; E, Proprioceptive Neuromuscular Facilitation; F, Body acupuncture plus extracorporeal shock wave treatment; G, Body acupuncture plus proprioceptive neuromuscular facilitation; H, Body acupuncture plus massage; I, Electro-acupuncture plus repetitive transcranial magnetic stimulation; J, Physical rehabilitation plus continuous theta burst stimulation; K, Physical rehabilitation plus intermittent theta burst stimulation; L, Physical rehabilitation plus repetitive transcranial magnetic stimulation; M, Physical rehabilitation plus extracorporeal shock wave treatment; N, Physical rehabilitation plus electro-acupuncture; O, Physical rehabilitation plus body acupuncture; P, Physical rehabilitation plus massage; Q, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus continuous theta burst stimulation; R, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus intermittent theta burst stimulation; S, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus body acupuncture; T, Physical rehabilitation plus extracorporeal shock wave treatment plus body acupuncture; U, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus electro-acupuncture; FMA-UE, The Fugl-Meyer Assessment-Upper Extremity scale; MBI, The Modified Barthel Index scale. (A) The Fugl-Meyer Assessment-Upper Extremity scale (FMA-UE). (B) The Modified Barthel Index scale (MBI).




3.5 Adverse effect

A total of 16 studies (32.65%) reported adverse reactions among the 49 included studies. Twelve of the studies indicated that no adverse reactions were observed during the course of treatment. One study reported that a very small number of patients developed mild subcutaneous bruising following electroacupuncture therapy. However, these cases resolved spontaneously without the need for specialized treatment. Additionally, three studies indicated that patients experienced discomfort at the site of treatment during extracorporeal stimulation physical therapy. However, no further adverse reactions of a serious nature were reported (shown in Supplementary Table S5). Overall, extracorporeal stimulation physical therapy appears to have a favorable safety profile. Nevertheless, given the paucity of current research data, a cautious evaluation of its long-term safety and efficacy is still warranted.



3.6 Publication bias

To further investigate the potential publication bias and the impact of small sample sizes on the FMA-UE and MBI scores, corresponding funnel plots were constructed for analysis. As can be observed in Figures 4A,B, the adjusted funnel plots for the comparison of the FMA-UE and MBI scales both demonstrate a symmetrical distribution, with the majority of study points situated equidistant from the central guiding line on either side. This suggests that the included studies have moderate sample sizes and a low risk of publication bias.

[image: Funnel plots labeled A and B visualize the standard error of log odds ratios against effect size centered at comparison-specific pooled effect. Each plot contains multiple colored dots representing different pairwise comparisons as indicated by the legends. Diagonal dashed lines represent a triangular region in each plot.]

FIGURE 4
 Comparative adjustment funnel plots. A, Physical rehabilitation; B, Body acupuncture; C, Electro-acupuncture; D, Massage; E, Proprioceptive Neuromuscular Facilitation; F, Body acupuncture plus extracorporeal shock wave treatment; G, Body acupuncture plus proprioceptive neuromuscular facilitation; H, Body acupuncture plus massage; I, Electro-acupuncture plus repetitive transcranial magnetic stimulation; J, Physical rehabilitation plus continuous theta burst stimulation; K, Physical rehabilitation plus intermittent theta burst stimulation; L, Physical rehabilitation plus repetitive transcranial magnetic stimulation; M, Physical rehabilitation plus extracorporeal shock wave treatment; N, Physical rehabilitation plus electro-acupuncture; O, Physical rehabilitation plus body acupuncture; P, Physical rehabilitation plus massage; Q, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus continuous theta burst stimulation; R, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus intermittent theta burst stimulation; S, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus body acupuncture; T, Physical rehabilitation plus extracorporeal shock wave treatment plus body acupuncture; U, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus electro-acupuncture; FMA-UE, The Fugl-Meyer Assessment-Upper Extremity scale; MBI, The Modified Barthel Index scale. (A) The Fugl-Meyer Assessment-Upper Extremity scale (FMA-UE). (B) The Modified Barthel Index scale (MBI).




3.7 Evidence assessment of outcome measures

Following an assessment of the pertinent outcomes using the GRADE scoring system, it was determined that the strength of evidence for the two scales under discussion ranges from very low to moderate. The principal factors responsible for the reduction in the quality of the evidence are the limitations of the study design and the considerable statistical heterogeneity. The detailed information can be found in the Supplementary Table S6.




4 Discussion

This study used systematic review and meta-analysis methods to thoroughly investigate the impact of different interventions on improving upper limb function in stroke patients. The results showed that a variety of combined treatment regimens significantly outperformed PR alone in improving FMA-UE scores and MBI scores.

In terms of improving upper limb motor function, the efficacy of combined treatments such as PR in conjunction with rTMS, ESWT, and EA, among others, is superior to that of standalone PR. This indicates that combined treatment strategies have significant advantages in enhancing upper limb motor function in stroke patients. Among these, the PR+rTMS+EA (MD = −17.57, 95% CI: −27.15, −7.97, SUCRA = 91.1%) regimen has demonstrated the most outstanding performance in increasing the FMA-UE score. This regimen incorporates three distinct treatment modalities: PR, rTMS, EA. These three approaches may act on the central and peripheral nervous systems through different mechanisms, resulting in additive or synergistic effects that promote the recovery of upper limb motor function. rTMS can modulate the release and expression of neurotransmitters, regulate the excitability of the cerebral cortex, and improve neural inflammation by modulating the activation and polarization of astrocytes and microglia (61). This may facilitate the reorganization of damaged neural networks and enhance motor control abilities. Electroacupuncture has been demonstrated to enhance the area of cerebral infarction and downregulate the expression of various inflammatory factors by stimulating specific acupoints, thereby further promoting neural repair and regeneration (62). Furthermore, a meta-analysis (63) has demonstrated that the combination of EA and rehabilitation training represents an efficacious approach to the reduction of post-stroke limb spasticity.

The NMA also demonstrated that the combination of PR with rTMS and BA yielded the most favorable outcomes for improving activities of daily living (MD = 19.7, 95% CI: 5.77, 33.59, SUCRA = 83.1%). Concurrently, combined treatment regimens, including PR+M (MD = 18.12, 95% CI: 9.33, 26.7, SUCRA = 80.6%) and PR+rTMS+cTBS (MD = 28.88, 95% CI: 0.29, 57.68, SUCRA = 79.0%), demonstrated remarkable efficacy, exhibiting superior outcomes compared to standalone physical therapy. This may be due to the fact that these combined treatment strategies can facilitate functional recovery through a number of different mechanisms. To illustrate, rTMS has been demonstrated to stimulate the cerebral cortex (61), thereby promoting neural remodeling. Meanwhile, BA has been shown to alleviate muscle spasticity and improve joint mobility (64). M has been demonstrated to enhance blood circulation and relieve muscle tension (65). Furthermore, the combination of rTMS+cTBS has the capacity to stimulate multiple brain regions simultaneously, thereby producing a broader neural effect (66, 67). It can therefore be concluded that these combined treatment strategies can complement each other, generating a synergistic effect and thus more effectively improving activities of daily living.

The results clearly demonstrate that combined treatments have a significant impact on patients’ motor function and also markedly enhance their activities of daily living. The combined treatment strategies have a positive impact on patients through multifaceted functional improvements, including but not limited to increasing muscle strength, improving joint mobility, enhancing coordination and balance, as well as promoting neuroplasticity and functional recovery. In contrast, a standalone physical therapy program may not address all the issues that patients face in a comprehensive manner. It can therefore be concluded that combined treatment regimens, which adopt a more comprehensive approach, represent a superior choice for enhancing patients’ activities of daily living.

It is notable that this study did not identify any significant heterogeneity during the analysis phase. This suggests that the baseline characteristics across the various studies were comparable, thereby reinforcing the reliability of the research findings. Furthermore, inconsistency tests and closed-loop inconsistency tests revealed that the model demonstrated a high degree of consistency, thereby providing additional validation for the stability of the analysis results.

Adverse events were infrequent and generally mild. Only one study reported subcutaneous bruising associated with EA, while three studies utilizing ESWT or rTMS noted transient discomfort at the stimulation site. No serious or persistent adverse events were documented, underscoring the safety of these interventions.

Follow-up outcomes demonstrated short-term rTMS efficacy (improved MBI/MAS at 2–4 weeks) and sustained motor benefits at 3 months with lower relapse rates, though ADL gains were inconsistent; PRO scores improved significantly across groups. The inconsistent ADL improvements may reflect differences in rehabilitation intensity or patient-specific functional goals.

Nevertheless, given the limited nature of the current research data, further investigation is required to evaluate the long-term safety and effectiveness of this approach.


4.1 Limitations and future directions

This study has several limitations that warrant consideration. First, the generalizability of findings may be constrained by geographic bias, as over 85% of included trials were conducted in China. Regional variations in rehabilitation paradigms—such as the prevalent integration of acupuncture in Chinese practice (68, 69) versus Western preferences for botulinum toxin or robotic-assisted training (70)—may introduce cultural specificity. Future multinational studies are needed to validate the cross-cultural applicability of these interventions.

Methodological shortcomings in primary studies further limit evidence quality, including inadequate allocation concealment, insufficient blinding of assessors, and incomplete reporting of prospective protocols. To address this, future studies should prioritize rigorous methodologies, including robust allocation concealment, blinded outcome assessment, and adherence to CONSORT guidelines.

Heterogeneity in intervention parameters (e.g., rTMS intensity thresholds, acupuncture session duration) complicates direct comparisons. Standardization of intervention protocols—particularly for multimodal combinations—is critical to enhance reproducibility and cross-study comparability. Additionally, the predominance of short-term interventions (≤4 weeks in 85.7% of trials) and paucity of longitudinal follow-up data (≥6 months) constrain assessment of sustained treatment effects. Prolonged observation periods are essential to evaluate durability of therapeutic benefits and monitor potential late-onset complications.

The rehabilitation process following stroke is categorized into three distinct phases—acute, subacute, and chronic—each necessitating tailored therapeutic strategies. However, this study was unable to conduct stratified analyses across these phases or specific patient subgroups due to insufficient raw data, which may partially explain the observed heterogeneity in outcomes. This limitation likely stems from a paucity of clinical trials investigating personalized, advanced rehabilitation techniques optimized for distinct recovery stages. Future research should address this gap by conducting granular analyses stratified by stroke phase, etiology (ischemic vs. hemorrhagic), and spasticity severity to identify phase-specific optimal interventions. Such stratified investigations are critical for advancing precision rehabilitation protocols in stroke care.

Mechanistically, the neuroplastic effects of combined therapies remain incompletely understood. Multicenter trials integrating advanced neuroimaging techniques (e.g., fMRI, DTI) and biomarker profiling are warranted to map neural reorganization pathways and optimize synergistic mechanisms.

Consequently, a cautious approach should be employed when interpreting the results of this NMA.




5 Conclusion

The findings of this study suggest that, in comparison to single treatment modalities, combined therapies are more efficacious in improving motor dysfunction and markedly enhancing the daily living abilities of patients with upper limb spasticity following a stroke. The combined physical rehabilitation and rTMS and EA appear to offer a notable advantage in terms of increasing FMA-UE scores and alleviating upper limb spasticity. The combination of physical rehabilitation with rTMS and BA may represent the optimal treatment approach for enhancing functional outcomes as measured by the MBI and improving patients’ daily living abilities. Nonetheless, it is imperative to exercise caution when interpreting these findings, given the limited number and questionable quality of the extant studies. A future imperative is to undertake additional high-quality studies that will facilitate the validation of the findings and the further exploration of the long-term efficacy and safety of combination therapies.
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Introduction: In this study, we investigated the differences in clinical outcomes following endovascular thrombectomy among ischemic stroke subtypes caused by large artery atherosclerosis (LAA) versus cardioembolism (CE) and the time-dependent nature of these clinical outcomes based on the stroke subtypes. Methods: Study participants were selected from the Endovascular Treatment Key Technique and Emergency Workflow Improvement of Acute Ischemic Stroke Registry to conduct a post-hoc analysis of a prospective, observational study. We included 1,046 patients, who had either LAA or CE stroke subtypes based on the Trial of Org 10172 in Acute Stroke Treatment criteria, drawn from the thrombectomy cohort. The association between clinical outcomes and time from stroke onset-to-recanalization time (ORT) was analyzed using a logistic regression model.
Results: Overall, 545 (52.6%) and 491 (47.4%) patients were included in the LAA and CE groups, respectively. No significant difference was found in the 90-day clinical functional outcome between the LAA and CE patients when ORT was achieved within 240 min. Beyond 240 min, the rate of achieving a modified Rankin Scale score of 0–2 in patients with LAA was higher than that of patients with CE [48.17% versus 38.66%; odds ratio (OR) = 0.678, 95% confidence interval (CI) = 0.521–0.884, p = 0.0040], and after adjustment, the OR was 0.732 (95% CI: 0.537–0.998, p = 0.0486).
Conclusion: In cases where the ORT exceeded 240 min, the clinical outcomes of patients with LAA were better than those of patients with CE, demonstrating a stronger time-dependency for achieving a favorable prognosis in patients with cardioembolic stroke.
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 thrombectomy; time dependency; large artery atherosclerosis; cardioembolism; stroke subtypes


1 Introduction

Mechanical thrombectomy (MT) has become the gold standard treatment for patients with acute large-vessel occlusion stroke, as demonstrated by multiple clinical studies (1–7). Guidelines recommend that patients with circulation occlusion undergo endovascular treatment (EVT) within 24 h of symptom onset, provided rigorous imaging screening is performed (8–10). Numerous studies have identified that surgical complications and clinical outcomes vary among patients with different stroke subtypes, suggesting that thrombectomy strategies should be tailored to the specific stroke subtype to optimize patient outcomes. Among patients with acute large vessel occlusion, cardioembolism (CE) is associated with an increased risk of hemorrhagic transformation within 24 h following EVT compared to large artery atherosclerosis (LAA) (11). For patients with vertebrobasilar occlusion stroke undergoing EVT, those with embolic stroke of undetermined origin have poorer outcomes and higher mortality rates compared to those with LAA or cardioembolic stroke (12). Additionally, in the cardioembolic group, the proportion of patients achieving a modified Rankin Scale (mRS) score of 0–2, indicative of good functional recovery, decreased as the onset-to-puncture time increased, a trend not observed in the LAA group (13).

Additionally, most current research focuses on the time window for patient selection but neglects the timing of surgical recanalization, including onset-to-door time, door-to-puncture time, puncture-to-recanalization time, and onset-to-recanalization time (ORT). Research on these times would be more beneficial for establishing better quality control metrics for thrombectomy. In this study, we aimed to explore the relationship between thrombectomy effectiveness and the ORT in patients with LAA and CE stroke.



2 Materials and methods


2.1 Study population

Data used in this study were obtained from the Endovascular Treatment Key Technique and Emergency Workflow Improvement of Acute Ischemic Stroke (ANGEL-ACT), a prospective nationwide registry comprising 2004 consecutive adult patients diagnosed with acute ischemic stroke (AIS) who underwent EVT across 111 hospitals in China between November 2017 and March 2019. Detailed methods of the registry, including inclusion and exclusion criteria as well as data collection standards, have been previously documented (14). The study protocol was approved by the ethics committee of each center, and all participants (or legal representatives) provided written informed consent. The study was conducted in accordance with the 1964 Declaration of Helsinki and its subsequent amendments.

This study included patients aged ≥18 years diagnosed with AIS who underwent initiation of EVT. Of the 2004 patients registered in the ANGEL-ACT database, 211 were excluded for the following reasons: 83 had isolated extracranial large-vessel occlusion, 98 had no evidence of large-vessel occlusion on digital subtraction angiography, and 30 had missing baseline data. Among the remaining 1793 patients, we further excluded those who did not undergo thrombectomy (n = 186), those with tandem lesions (n = 318), those with Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria for stroke of other determined etiology (n = 40), those with stroke of undetermined etiology (n = 203), and those whose 90-day mRS scores were missing (n = 10). Ultimately, 1,036 patients met the inclusion criteria for this analysis, comprising 545 with LAA and 491 with CE (Figure 1).

[image: Flowchart illustrating patient inclusion and exclusion for the ANGEL-ACT registry. Initially, 2004 patients met criteria: age over 18, acute ischemic stroke, and endovascular treatment. Exclusions were due to extracranial artery occlusion (83), no large vessel occlusion (98), and missing baseline data (30), leaving 1793 patients. Further exclusions were no thrombectomy (186), tandem lesions (318), determined etiology (40), undetermined etiology (203), and missing 90-day mRS score (10), resulting in 1036 patients. Final groups were LAA with 545 patients and CE with 491 patients.]

FIGURE 1
 Patient selection flowchart. ANGEL-ACT, endovascular treatment key technique and emergency work flow improvement of acute ischemic stroke; LAA, large artery atherosclerosis; CE, cardioembolism.




2.2 Data collection

Information regarding baseline demographic characteristics (age and sex), medical history (presence of hypertension, hyperlipidemia, or diabetes mellitus; prior stroke; mRS score ≥ 1 before stroke; use of GP IIb/IIIa receptor inhibitors; pretreatment with anti-platelets, intravenous thrombolysis, and anticoagulants), clinical features [systolic blood pressure (SBP), Alberta Stroke Program Early Computed Tomography Score (ASPECTS), National Institutes of Health Stroke Scale (NIHSS) score, onset-to-door time, door-to-puncture time, puncture-to-recanalization time, and ORT], location of the intracranial occlusion [anterior circulation included internal carotid artery, anterior cerebral artery (A1/A2), and middle cerebral artery (M1/M2); posterior circulation included vertebral, basilar, and posterior cerebral arteries (P1)], anesthesia type, and successful recanalization after the final attempt was documented.



2.3 EVT and stroke subtype

Prior to MT, intravenous thrombolysis was administered to eligible patients without contraindications. The choice between local and general anesthesia depended on the patient’s cooperation and condition. Following digital subtraction angiography, the neurointerventionist determined the optimal strategy and materials for the EVT. The surgical approach was determined based on the surgical situation and the personal experience of the neurointerventionist. To address in situ stenosis, several strategies were employed, including balloon expansion angioplasty alone (using Kalamazoo, MI, USA, Gateway, Stryker; or Neuro-RX SINOMED, Tianjin, China), balloon-mounted stents alone (such as Apollo, MicroPort, Shanghai, China), or a combination of balloon-mounted and self-expanding stents (Enterprise, Codman & Shurtleff Inc., Miami, FL, USA; Wingspan or EZ, Stryker, Kalamazoo, MI, USA; or Solitaire AB, Medtronic, Minneapolis, Minnesota, USA), following balloon expansion.

Stroke subtype classification was performed by two separate neurologists or onsite investigators using the 1993 version of the TOAST criteria (15). Prior to patient enrollment, all evaluators underwent training by committee-assigned stroke specialists and were provided with a manual containing detailed descriptions of the TOAST subtyping system and operational guidelines for determining the etiological subtype. Diagnosis of CE stroke typically requires identification of at least one cardiac source of embolism (via electrocardiogram or echocardiogram), characterized by clinical symptoms and brain imaging findings demonstrating occlusion of a major cerebral or branch cortical artery. Using a standardized diagnostic process, trained evaluators reviewed the patients’ clinical history, imaging findings, and laboratory features and categorized them into LAA or CE stroke subtypes according to the TOAST system.



2.4 Outcome measurement

Experienced investigators meticulously recorded all data. We considered a favorable functional recovery outcome at 90 days post-procedure (defined as a 90-day mRS score of 0–2) as the efficacy endpoint. We also recorded the onset-to-door time, door-to-puncture time, puncture-to-recanalization time, and ORT.



2.5 Statistical analysis

Data are presented as the median (interquartile range) or frequency (percentage). A comparison of baseline characteristics between patients with LAA and those with CE was performed using the Kruskal–Wallis test or chi-square test, as appropriate. A multivariate logistic regression model was used to examine the association between the stroke subtypes (LAA vs. CE) and ORT. Variables including age; sex; presence of hypertension, diabetes mellitus, or hyperlipidemia; SBP; baseline NIHSS score; ASPECTS; and pretreatment with antiplatelet agents (aspirin and clopidogrel) were adjusted for in the analysis. The adjusted odds ratio (OR) with 95% confidence intervals (CIs) was calculated to measure the strength of the association.

The cumulative percentage of good prognoses was used to determine the point at which the prognosis in the LAA group surpassed that in the CE group (Figure 2).

[image: Line graph showing cumulative incidence over ORT for LAA and CE, with LAA in red and CE in blue. Shaded areas indicate confidence intervals. A log-rank test result of p = 0.016 is noted. Below the graph, the number at risk for each group is displayed over time points.]

FIGURE 2
 Cumulative percentage of good prognoses. LAA, large artery atherosclerosis; CE, cardioembolism.


According to the statistical data, we analyzed the proportion of mRS scores of 0–2 across various time segments and identified 240 min as the optimal cutoff. The correlation between good functional outcomes and ORT in the two groups was analyzed separately for cases occurring before and after 240 min.

Mediation models were used to examine whether the relationship between stroke subtype and ORT was mediated by the following factors: NIHSS score, site of occlusion, prior use of anticoagulants, type of thrombectomy (stent retriever alone or stent retriever plus aspiration), number of thrombectomy passes, and emergency angioplasty/stenting. The detailed methods of mediation analysis can be found in Supplementary Material. All statistical analyses were conducted using SAS software (version 9.4; SAS Institute, Inc., Cary, NC, USA). A two-sided p-value <0.05 was considered statistically significant.




3 Results


3.1 Baseline characteristics of patients with LAA versus CE

Of the 1,036 patients included in this study, 545 with LAA and 491 with CE were compared for baseline characteristics. As shown in Table 1, several baseline variables differed significantly between the two groups. Compared with the LAA group, the CE group exhibited the following characteristics: (1) a higher mean age (69 vs. 63 years); (2) a higher median NIHSS score (17 vs. 16); (3) a higher median ASPECTS (10 vs. 8); (4) a significantly larger proportion of women (52.55% vs. 23.12%); (5) a greater percentage of anterior circulation strokes (87.78% vs. 70.28%); and (6) a greater percentage of pretreatment with anticoagulants (8.35% vs. 1.47%). Meanwhile, the CE group had a smaller proportion of patients with hypertension (54.38% vs. 60.92%), diabetes mellitus (14.66% vs. 20.18%), and those who received antiplatelet agents before the procedure (12.83% vs. 17.25%). The CE group used GP IIb/IIIa receptor inhibitors less frequently during the procedure (35.23% vs. 72.11%). However, the CE group experienced shorter onset-to-door times (135 vs. 170 min), shorter door-to-puncture times (114 vs. 127 min), and shorter ORTs (367 vs. 432 min) than the LAA group. No significant difference was found between the two groups regarding the presence of hyperlipidemia, prior stroke, mRS scores ≥ 1 before stroke, initiation of intravenous thrombolysis pretreatment, type of anesthesia, puncture-to-recanalization time, or complete recanalization after the final attempt (Table 1).



TABLE 1 Baseline characteristics of the patients with LAA and CE stroke.
[image: Table compares baseline characteristics and treatment details between patients with large artery atherosclerosis (LAA, n = 545) and cardioembolism (CE, n = 491). Variables include age, hypertension, gender, prior stroke, and various medical treatments. Differences in parameters like median age, hypertension prevalence, and treatments show statistical significance indicated by p-values, with specific clinical metrics such as ASPECTS and anesthesia type detailed.]



3.2 Distribution of mRS scores across ORT categories and stroke subtypes

Among all enrolled participants, patients with LAA stroke had a higher percentage of favorable functional outcomes (mRS score of 0–2) than those with CE stroke. In the subgroup with an ORT < 240 min, 54.72% of patients with LAA stroke and 59.72% of patients with CE stroke achieved mRS scores of 0–2. In the subgroup with an ORT ≥ 240 min, 48.17% of patients with LAA stroke and 38.66% of patients with CE stroke achieved mRS scores of 0–2 (Table 2).



TABLE 2 mRS scores of 0–2 for different ORT categories in patients with LAA and CE stroke.
[image: Table comparing the modified Rankin Scale (mRS) scores for Large Artery Atherosclerosis (LAA) and Cardioembolism (CE) across different Onset to Reperfusion Time (ORT) intervals. LAA mRS score 0–2 has percentages ranging from 39.17% to 54.72%, while CE mRS score 0–2 percentages range from 35.71% to 59.72%. Total scores and intervals are detailed.]



3.3 Logistic regression analysis of ORTs and mRS scores of 0–2 in patients with LAA and CE

Table 3 presents the results of the single and multifactor analyses examining the association between the ORTs and favorable functional outcomes (as indicated by mRS scores of 0–2). For cases with an ORT < 240 min, there was no statistically significant difference in the rate of favorable functional outcomes between the LAA and CE groups (OR: 1.227; 95% CI: 0.599–2.514; p = 0.5759). Similar results were observed in the adjusted models, with p > 0.05. After adjusting for age, sex, high blood pressure, presence of diabetes mellitus, presence of hyperlipidemia, SBP, baseline NIHSS score, ASPECTS score, pretreatment with anti-platelets, and pretreatment with anticoagulants in the adjusted model, the OR was 1.633 (95% CI: 0.700–3.810, p = 0.2564).



TABLE 3 Odds ratio of mRS scores distribution in LAA versus CE stroke.
[image: Table comparing mRS scores of 0–2 for LAA versus CE with ORT less and greater than two hundred forty minutes. It shows OR, P-value, and adjusted OR. Statistically significant values are marked with an asterisk. Adjustments include factors like age, gender, blood pressure, diabetes, and pretreatment.]

For cases with an ORT ≥ 240 min, there was a statistically significant difference in favorable functional outcomes between the LAA and CE groups. The unadjusted OR was 0.678 (95% CI: 0.521–0.884; p = 0.0040), indicating that CE stroke is a risk factor compared to LAA stroke. Similar results are obtained for the adjusted model. After adjustment, the OR was 0.732 (95% CI: 0.537–0.998, p = 0.0486).




4 Discussion

To the best of our knowledge, this is the first study to investigate the association between the ORT and favorable clinical functional recovery (defined as mRS scores of 0–2) in patients with CE and LAA stroke subtypes. The study indicated no significant difference in clinical outcomes between patients with LAA and CE stroke within 240 min of stroke onset. However, beyond 240 min, the clinical outcomes of patients with LAA stroke were better than those of patients with CE stroke, demonstrating a stronger time dependency for favorable prognosis in patients with CE stroke. A possible reason for this is that patients with LAA stroke tend to have better collateral recruitment due to the chronic process of ischemic preconditioning (16). Researchers have found that patients with stroke due to cervical carotid atherosclerosis had better cerebral collateral circulation and slightly better median mRS scores at 90 days compared to those with CE stroke (17).

The findings suggest that CE stroke patients have a stronger time-dependent aspect. While early recanalization remains critical for both subtypes, CE strokes exhibit a stronger decline in favorable outcomes with delayed reperfusion, likely due to shortage of collateral circulation. Therefore, we recommend shortening the time from symptom onset to recanalization in patients with CE. Understanding the implications of these findings can significantly impact various aspects of stroke management.

Firstly, CE stroke was associated with a higher risk of any hemorrhagic transformation compared to LAA stroke (11). One possible explanation is that the difference in thrombus composition between stroke subtypes may account for the higher number of thrombectomy passes associated with CE stroke. These findings underscore the importance of accurately identifying the stroke subtype.

Secondly, given the time-sensitive nature of CE stroke outcomes, the choice of devices that can facilitate quicker and more efficient reperfusion is crucial to optimize the chances of favorable outcomes within the critical time window. Moreover, We found that the CE group experienced shorter onset-to-door times, shorter door-to-puncture times, and shorter ORTs than the LAA group. We hypothesize that CE patients presented with more severe symptoms (e.g., higher NIHSS due to abrupt vessel occlusion), prompting faster triage (18).

Finally, establishing stringent quality control standards for CE patients is essential for ensuring optimal clinical outcomes. Stringent medical quality control is crucial for a country like China with an uneven healthcare distribution.

This study has some limitations. Firstly, this was not a randomized study, and thus can only partly illustrate the issue. This study is a real-world investigation with a large sample size. However, due to the relatively early timeframe, the efficiency of thrombectomy was not very high, possibly because of insufficient thrombectomy experience and equipment. During the study period, researchers found that a subset of the population underwent direct aspiration as the primary thrombectomy approach, which was linked to lower rates of successful recanalization with the initial device, indicating the need for employing additional rescue treatments, and a higher risk of intracranial hemorrhage compared to using a stent retriever as the primary thrombectomy approach (19). Secondly, there is a high portion of patients with intracranial athero-occlusive disease in China, which decreases the external validity or generalizability of the findings.

In conclusion, this study suggests that patients with LAA stroke had better clinical outcomes compared to those with CE stroke when the ORT ≥ 240 min, demonstrating a stronger time-dependency for favorable prognoses in CE stroke. Further research is necessary to elucidate the factors mediating the relationship between stroke subtypes and the ORT and to inform the development of clinical management strategies.
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Objective: Stroke is a leading cause of disability worldwide, imposing a significant burden on patients, families, and society. To create and verify a prediction model for activities of daily living (ADL) dysfunction in stroke survivors, pinpoint key predictors, and analyze the traits of those at risk.
Methods: Data from the China Health and Retirement Longitudinal Study wave 5 was used in this cross-sectional study. 1,131 stroke survivors were included and split into training and testing sets. The least absolute shrinkage and selection operator regression and multivariate logistic regression were applied for model development. Model performance was evaluated using the area under the receiver operating characteristic curve(AUC), calibration plots, and decision curve analysis. SHapley Additive exPlanations values were calculated to understand predictor importance.
Results: Six variables (age, the 10-item Center for Epidemiologic Studies Depression Scale score, memory disorder, self-rated health, pain count, and heavy physical activity) were identified as significant predictors. The model showed good discriminatory power (training set AUC = 0.804, testing set AUC = 0.779), accurate calibration, and clinical utility.
Conclusion: A prediction model for ADL dysfunction in stroke survivors was successfully developed and validated. It can help in formulating personalized medical plans, potentially enhancing stroke survivors' ADL ability and quality of life.
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1 Introduction

Stroke is a leading cause of disability worldwide, imposing a significant burden on patients, families, and society (1). Despite advancements in acute phase stroke treatment, a large number of stroke survivors experience limitations in activities of daily living (ADL) (2), which severely impacts their quality of life. Understanding the factors associated with ADL dysfunction in stroke survivors and predicting its occurrence at an early stage is crucial for developing targeted interventions.

Previous studies have investigated various factors related to post-stroke ADL dysfunction (3, 4), but there is still a lack of a comprehensive and accurate prediction model. Identifying individuals at high risk of ADL dysfunction early can enable timely implementation of rehabilitation strategies and management plans, potentially improving their functional outcomes and quality of life (5, 6).

In this study, we aimed to develop and validate a prediction model for ADL dysfunction in stroke survivors. By analyzing data from a large scale dataset, we aimed to identify key predictors, understand the characteristics of stroke survivors at risk of ADL dysfunction, and provide a basis for personalized medical care and improved management of this patient population.



2 Methods


2.1 Study design

This study adopted a cross-sectional design, which is suited for exploring associations between risk factors and functional outcomes in stroke survivors. Cross-sectional studies are advantageous for identifying potential predictors of post-stroke disability, providing a basis for future longitudinal investigations. Data were obtained from wave 5 of the China Health and Retirement Longitudinal Study (CHARLS). The dataset is publicly accessible via the official CHARLS website (http://CHARLS.pku.edu.cn). The study adhered to ethical norms and received approval from the Biomedical Ethics Committee of Peking University, China (IRB00001052-11,015) (7). All procedures followed the principles outlined in the Declaration of Helsinki, and informed consent was obtained from all participants. In this study, patients and the public were not involved in the design, conduct, reporting, or dissemination plans of the research. This study adhered to the Transparent Reporting of a multivariable prediction model for Individual Prognosis or Diagnosis (TRIPOD) (8).



2.2 Study population

In the CHARLS database, stroke status was determined through self-reported responses to the question: “Have you ever been diagnosed with a stroke by a doctor?” This self-reported approach may lead to potential misclassification, which was considered in the study's limitations. ADL in two main categories: Basic ADL (BADL), which includes six essential tasks: dressing, bathing, eating, transferring (getting in and out of bed), toileting, and controlling urination and defecation. Instrumental ADL (IADL), which involves more complex activities, such as managing housework, cooking, shopping, financial management, and medication adherence. We used a questionnaire-based survey method to assess ADL dysfunction. If a stroke survivor was unable to independently complete any of the tasks listed under BADL or IADL, they were classified as having ADL dysfunction. Inclusion criteria: History of stroke; Ability to cooperate in completing the ADL screening. Exclusion criteria: No history of stroke or uncertain stroke diagnosis; Missing key variables; Pre-existing ADL dysfunction before stroke. Initially, 1,381 individuals with a self-reported history of stroke were identified. After excluding individuals with more than 30% missing data, the final analysis included 1,131 stroke survivors.



2.3 Candidate predictor variables

Predictor selection was based on prior literature and clinical expertise (9–11). Although stroke characteristics (e.g., lesion location, infarct size) influence prognosis, these variables were not recorded in CHARLS. Instead, we examined demographic, behavioral, health, and socioeconomic factors available in the dataset. Basic factors: age, gender, residence (urban/rural), education level, marital status, and life satisfaction (five-point Likert scale). Behavioral factors: sleep duration, smoking, alcohol consumption, social activity participation (eight categories), and physical activity levels (light, moderate, heavy). Total energy expenditure from physical activity was calculated using metabolic equivalent (MET) scores. Health status and medical conditions: self-rated health (five levels), hypertension, diabetes, cancer, cardiac disease, mental disorders, and the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10). Family and economic factors: household size, financial support from children/parents, and number of surviving children.



2.4 Statistical analysis

All statistical analyses were conducted using R software. Continuous variables were reported as medians and interquartile ranges, while categorical variables were presented as proportions. Between-group comparisons were performed using the Wilcoxon rank-sum test for continuous data and the Chi-square test or Fisher's exact test for categorical data. To develop the ADL dysfunction prediction model, the dataset was randomly split (6:4) into a training set (n = 678) and a testing set (n = 453). We applied the least absolute shrinkage and selection operator (LASSO) regression to identify key predictors while addressing multicollinearity. Optimal tuning parameters (λ) were selected via ten-fold cross-validation. Selected variables were incorporated into a multivariate logistic regression model, with predictors retained at P < 0.05. Model performance was assessed using the area under the receiver operating characteristic (ROC) curve (AUC) for discrimination, calibration plots for agreement between predicted and observed outcomes, and decision curve analysis (DCA) for clinical utility. SHapley Additive exPlanations (SHAP) values were computed to interpret predictor importance.




3 Results


3.1 Flow chart

The study flow chart is presented in Figure 1.


[image: Flowchart showing the study process. It begins with data processing from 19,395 participants of the China Health and Retirement Longitudinal Survey. After excluding non-stroke and missing key variable cases, 1,131 participants were included. They were divided into training (678 participants) and testing sets (453 participants) based on ADL dysfunction and normal function. The prediction model phase includes LASSO regression, multivariable logistic regression, and nomogram creation. Model evaluation tools used are ROC, calibration plots, and DCA. Predictors identified are age, self-rated health, count of painful areas, heavy physical activity, CESD-10, and memory disorder. Results include a nomogram.]
FIGURE 1
 Flow chart of the study.




3.2 Baseline characteristics

A total of 1,131 stroke survivors were included in this study. The demographic and clinical characteristics of the participants are summarized in Table 1. The cohort consisted of 473 male participants (41.8%) and 658 female participants (58.2%), with an average age of 67 years. Among these stroke survivors, 57.3% experienced difficulties with ADL. Several factors showed significant differences (p < 0.05) between stroke survivors with normal and impaired ADL function, including age, gender, education level, life satisfaction, CESD-10 score, and health status factors (e.g., hypertension, lung disease, arthritis). Additionally, factors such as social activity, sleep duration, pain count, and physical activity levels were also significantly associated with ADL dysfunction.


TABLE 1 Participant characteristics.

[image: A table compares variables between two groups: "ADL function normal" and "ADL dysfunction," along with p-values. It covers demographics, lifestyle factors, and medical conditions. Significant differences (p < 0.05) are observed in factors like CESD-10, life satisfaction, sleep duration, age, education, and several health conditions including lung and cardiac disease.]



3.3 Prediction model development

LASSO regression was applied to identify the best predictors for ADL dysfunction, with predictors selected based on 10-fold cross-validation. The 11 significant variables identified included gender, age, hip fracture, CESD-10 score, memory disorder, pain areas, and levels of physical activity (Figure 2). These variables were then used in a multivariate logistic regression model, which selected the following significant predictors (P < 0.05): age, CESD-10 score, memory disorder, self-rated health, pain count, and heavy physical activity. The resulting predictive model was visualized through a nomogram, which allows for the quantitative assessment of ADL dysfunction risk in stroke survivors (Figure 3).


[image: A two-panel image displays graphs related to model selection. Panel A shows a line graph of coefficients versus log lambda values, with multiple colored lines representing different coefficients. Panel B depicts binomial deviance against log lambda, with a curve of red dots indicating deviance values. Both graphs are used to assess model accuracy and regularization.]
FIGURE 2
 The LASSO plot.



[image: Color scales representing various factors influencing predicted risk, including heavy physical activity, memory disorder, CESD-10, count of painful areas, age, and self-rated health. Color legend ranges from blue to red, indicating score and predicted risk levels from 0.04 to 0.98.]
FIGURE 3
 Nomogram to predict the probability of ADL dysfunction in stroke survivors.




3.4 Prediction model validation

The predictive model's performance was assessed using the AUC. In the training set, the AUC value was 0.804 (95% CI: 0.772–0.837), and in the testing set, it was 0.779 (95% CI: 0.736–0.821), indicating good discriminatory power (Figures 4A, B). The nomogram's calibration curves (Figures 4C, D) showed alignment between predicted and observed probabilities of ADL dysfunction, confirming the model's accuracy and reliability. Clinical validity was assessed using DCA, shown in Figures 4E, F. The DCA demonstrated that the prediction model provided net benefits compared to the two extreme scenarios, suggesting its clinical utility in predicting ADL dysfunction.


[image: Panel A shows a receiver operating characteristic (ROC) curve with an AUC of 0.804 and highlighted cutoff value. Panel B presents another ROC curve with an AUC of 0.779. Panels C and D depict calibration plots comparing predicted versus actual probabilities. Panels E and F show decision curve analysis graphs with threshold probabilities for different strategies.]
FIGURE 4
 Assessment of the predictive accuracy of the nomogram: (A) ROC for the training set; (B) ROC for the testing set. Assessment of the predictive accuracy of the nomogram: (C) Calibration plot for the training set; (D) Calibration plot for the testing set. DCA curves of the nomogram: (E) The training set; (F) The testing set.




3.5 Explanation of model characteristic variables

SHAP values were calculated for six key variables in the model. The global importance plot and swarm plot (Figures 5A, B) demonstrated the predictive importance of these variables across the dataset. To further understand their impact at the individual level, waterfall and force plots (Figures 5C, D) were used to visualize the contribution of each variable to the model's predictions in selected samples, highlighting the practical significance of these variables in specific cases.


[image: Panel A shows a horizontal bar chart of mean SHAP values for different features, with "cens5-15" having the highest value. Panel B displays a violin plot of SHAP values colored by feature value, with gradient from low to high. Panel C is a horizontal bar chart with predictions showing positive and negative contributions for different features. Panel D illustrates another bar chart of predictions divided into positive and negative contributions, highlighting specific features.]
FIGURE 5
 (A) Global importance plot; (B) Swarm plot; (C) Waterfall plots; (D) Force plots.





4 Discussion

The medical community has made significant progress in ensuring timely and effective stroke treatment during the acute phase. However, the high disability rate following a stroke remains a critical concern (12). Despite initial treatment, many stroke survivors continue to face challenges with ADL once the acute phase has passed (13). In our analysis of stroke survivors in CHARLS Wave 5, we found that 57.3% of participants exhibited ADL dysfunction. Compared to those with normal ADL function, stroke survivors with ADL dysfunction were generally older, reported shorter sleep durations, experienced higher levels of depressive symptoms, and suffered from poorer physical health. They were also more likely to have multiple chronic conditions, experience bodily pain, and engage in unhealthy habits such as smoking and alcohol consumption. Furthermore, these survivors had lower participation in social activities and physical exercise.

Older stroke survivors are particularly vulnerable to ADL dysfunction (14). Age-related declines in physical, cognitive, and sensory functions can impair one's ability to perform daily tasks independently (15). Research has shown that SRH is closely associated with ADL functioning, with those reporting poorer SRH (e.g., “fair” or “poor”) more likely to experience ADL impairments (16–19). Chronic pain, whether acute or long-term, also plays a significant role in ADL dysfunction, as it can severely hinder daily activities (20, 21). Additionally, chronic pain may exacerbate psychological distress, including depression and anxiety, which can further impair ADL (22). Depression itself, a common mental health issue, contributes to reduced functional capacity and increases the risk of ADL dysfunction (23). Moreover, memory disorders, such as Alzheimer's disease or Parkinson's disease, typically cause gradual cognitive decline, further impairing ADL (24, 25). Conversely, engaging in heavy physical activity has been shown to reduce the likelihood of chronic conditions and can enhance cognitive functioning, which may help prevent age-related cognitive decline (26–29). Therefore, regular physical exercise appears to be a beneficial strategy to improve ADL in stroke survivors. This indicates that heavy physical activities have potential benefits for ADL.

Based on our analysis, we identified six characteristic variables that are commonly observed in stroke survivors. These include age, SRH, heavy physical activity, depression, pain, and memory disorders. Among these variables, age, memory disorders, pain, and depression are known to exacerbate ADL dysfunction, making them significant risk factors for its development. Conversely, ADL dysfunction itself can also contribute to the onset or worsening of limb joint pain and depressive mood in stroke patients, thereby creating a cycle of increasing ADL dysfunction (30). While most stroke survivors experience some degree of ADL dysfunction after the stroke, the severity and progression of this dysfunction can vary (31). For some individuals, improper self-management or the lack of targeted rehabilitation can trigger or intensify ADL dysfunction (32). To address this, the model we developed is designed to identify, at an early stage, the factors closely associated with the onset of ADL dysfunction in this group. Early intervention in these factors is crucial. For example, while direct intervention on age and self-rated health may be challenging, strengthening physical training and improving the management of pain and depression could help prevent or delay the progression of ADL dysfunction. These interventions may also lead to improvements in ADL function, ultimately enhancing the prognosis and quality of life for stroke survivors.

However, our study has several limitations. The CHARLS dataset lacks detailed information on important predictors such as walking pace, grip strength, waist circumference, body mass index (BMI), and certain biochemical markers, which were not captured in Wave 5. Additionally, data on stroke-specific factors such as lesion type, location, size, onset time, and treatment methods are not available in the CHARLS database. Moreover, as the data is specific to our country, the external validity of our findings may be limited, and the models may not be fully applicable to populations in other countries. Internal validation methods were used in this study, but further validation in diverse populations is needed to enhance the generalizability of our predictive models.



5 Conclusions

In summary, we developed and validated a prediction model for ADL dysfunction in stroke survivors. The model includes crucial factors like age, SRH, heavy physical activity, depression, pain, and memory disorders. It provides insights into the group's characteristics. Although the study has limitations, the model can guide personalized medical strategies. By implementing these, we can potentially enhance stroke survivors' ADL ability and, consequently, improve their quality of life.
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POMA Total T1, POMA Balance T1 and POMA Gait T1 refer t0 the total score of POMA,
the balance and the gait subscale, respectively, measured on the first day of administration to
inpatient treatment (N=76).
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Mean (SD) Range

Age 6204£9.76 29-82
Stroke duration 4914265 1-12 (months)
Inpatient duration 1874093 1-5 (months)
POMATI 16994545 427
POMA T2 17.05£5.49 427
POMA T3 21214572 428
POMA T4 20124571 4-28

POMA T1 and POMA T2 refer to the POMA measured on the first and second day of
administration to the inpatient, respectively, ated by the same physiatrist; POMA T3 and

POMA T4 refer to the POMA measured on the first and second day of discharge from the
inpatient by two independent physiatrsts. Please contact the corresponding author for the
detailed raw data of individual items.
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Chronbach’s ¢ Day 1 on inpatient Day 2 on inpatient Day 1 post-inpatient

Balance 0930 0842 0871

Gait 0.688 0.668 0717

Overall 0879 0875 0901 0901
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Test-retest reliability was conducted betsween the POMA ratings on the first and second days of patients’ administration to inpatient treatment by the same physiatrist (N=76).
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Inter-rater intraclass correlation

coefficient [95% Cl]
Balance 099

[0994] [0.998]
Gait 0999 (0.998) [0.999]
Overall 0988 (0981) [0.993]

The inter-rater reliability test was conducted on the frst and second days of patients”
discharge from inpatient treatment by two independent physiatrists (N =76).





OPS/images/fneur-16-1574948/fneur-16-1574948-t001.jpg
A (n = 545) CE (n = 49; p value

Age, y, median [IQR] 63 (54-71] 69 62-77] <0.0001
Hypertension, 1 (%) 332(60.92) 267 (54.38) 00333
Male, 7 (%) 419 (76.88) 233 (47.45) <0.0001
Hyperlipidemia, n (%) 62(11.38) 41(835) 0.1041
Diabetes Mellitus, 1 (%) 110(20.18) 72 (14.66) 00197
Prior stroke, n (%) 103 (18.90) 100 (2037) 05524
MRS > 1 before stroke, 7 (%) 65(11.93) 64(1303) 0.5988
SBP, mmHg, median [IQR] 149 [133-165] 145 [130-160] 0.0040
Baseline NIHSS, median [IQR] 16 [11-21] 17[13-21] 00013
ASPECTS, median (IQR]* 8(7-10] 10(7-10) <0.0001
Occlusion site, n (%) <0.0001
Anterior circulation 383 (70.28) 431 (87.78)

Posterior circulation 162(29.72) 60 (12.22)

Anesthesia type, n (%) 06215
General anesthesia 208 (38.17) 176 (35.85)

Local anesthesia only 238 (43.67) 229 (46.64)

Local anesthesia plus sedation 99 (18.17) 86(1752)

Pretreatment with anti-platelets, 1 (%) 94(17.25) 63 (12.83) 0.0477
Pretreatment with IV, 1 (%) 145 (26.61) 144 (29.33) 03293
Pretreatment with anticoagulants, 1 (%) 8(1.47) 41(835) <0.0001
Complete recanalization after the final attemptt 376 (68.99) 364 (74.13) 0.0673
GP Ib/Illa receptor inhibitor, 7 (%) 393 (72.11) 173 (35.23) <0.0001
Onset-to-Door time, min, median IQR] 170 [78-330] 135 [61-260] 0.0058
Door to Puncture time, min, median [IQR] 127 [90-191] 114 [74-159] <0.0001
Puncture-to -recanalization time, min, median 83(50-127] 80(50-117] 0.5803
[1QR]

Onset-to-recanalization time (ORT), min, 432[315-628] 367 (277.5-492.5) <0.0001

median [IQR]

LAA, large artery atherosclerosis; CE, cardioembolism; IQR, interquartile range; mRS, modified rankin scale; SBE, systolic blood pressure; mTICI, modified thrombolysis in cerebral infarction;
NIHSS, national nstitutes of health stroke scale; ASPECTS, alberta stroke program early CT score; pe-ASPECTS, posterior circulation alberta stroke program early CT score; IV, intravenous
thrombolysis.

*ASPECTS for anterior circulation stroke and pe-ASPECTS for posterior circulation stroke.

Defined as an mTICI score of 3.
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Variable (WY CE

mRS score 0-2 mRS score 0-6 mRS score 0-2 mRS score 0-6
Total 266 (48.81%) 545 205 (41.75%) 491
ORT = 0-240 min 29 (54.72%) 53 43(59.72%) 72
ORT> = 240 min 237 (48.17%) 492 162 (38.66%) 419
ORT = 241480 min 138 (50.18%) 275 106 (37.19%) 285
ORT = 481-720 min 47 (39.17%) 120 30 (35.71%) 8

ORT> =721 min 52(53.61%) 97 26/(52.00%) 50
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First day patients administrated to
inpatient treatment
Patients initial screening (N = 80)
Patients included (N = 76)

e~ Screened out by exclusion criteria (N = 4)

First day patients administrated o
inpatient treatment
Physiatrist A assessed POMA (POMA T1)
Physiatrist B assessed BBS
Physiatrist C assessed TUG
(N =76)

Second day patients administrated to
inpatient treatment
Physiatrist A assessed POMA (POMA T2)
(N =76)

Patients receiving inpatient treatment
(mean: 1.87 months + .93; range 1to 5
months )

First day patients discharged from
inpatient treatment
Physiatrist A assessed POMA (POMA T3)
N=76)

Second day patients discharged from
inpatient treatment
Physiatrist D assessed POMA (POMA T4)
(N=76)

Internal consistency;
Test-retest reliability;
Content validity;

Inter-rater reliability
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mRS scores of 0-2 OR P-value OR (Adjusted MODEL) P-value

LAAvs. CE ORT<240 min 1.227 (0.599-2.514) 0.5759 1.633 (0.700-3.810) 0.2564
ORT2240 min 0678 (0521-0.884) 0.0040* 0732 (0.537-0.998) 0.0486*

Adjusted Model: Logistic regression adjusted for age, gender, high blood pressure, presence of diabetes melltus, resence of hyperlipidemia, systolic blood pressure, baseline NIHSS score,
ASPECTS score, pretreatment with anti-platelets, and pretreatment with anticoagulants.
“Statistically significant.
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Comparisol MD (95% CI) Number of studies Number of patients (%)

FMA-UE

B-A 5.6(0.90, 10) 2 124 43.7% 039
CA 2(-80,12) 1 8 - -
D-A ~73(=19,5.1) 1 0 : -
A 23(-19,24) 1 14 : -
KA 7.7(-10,25) 1 2 : -
LA 7.2(4.4,99) 10 362 61.7% -
MA 72(24,12) 2 100 40.0% -
N-A 12(5.6,18) 2 148 62.4% -
0-A 6.1(4.0,82) n 851 90.9% 0.68
PA 72(39,11) 5 472 389% -
RA -3.2(-20,14) 1 £ - -
TA 75(28,12) 2 100 88.6% 015
BB 11(3.1,19) 1 60 - -
GB 9.7 (~6.1,26) 1 40 - -
0B 34(-15,82) 2 120 728% 030
IC 83(1.0,16) 1 100 : )
N-C 60(~36,15) 1 87 - -
PD 16(5.1,27) 1 0 - -
GE 53(-24,13) 1 62 - -
L -25 (=19, 14) 1 14 . .
oM ~092(-8,6.1) 1 40 - 097
™ 44(16,7.2) 1 40 - 051
UN 59(-13,13) 1 50 - -
50 25(~45,93) 1 40 - -
T0 46(11,8.1) 4 230 0.0% -
MBI

DA -28(-21,16) 1 40 - -
KA -9.2(-29,10) 1 32 - 070
LA 6.6(0.074,13) 8 329 78.4% -
MA 11(-27,24) 2 100 44.6% -
N-A 0.70(~16,18) 1 60 -
0-A 9.0(29,15) 8 557 86.4% -
PA 18(9.5,27) 4 260 99.9% -
TA 16 (2.9, 30) 2 100 91.4% 0.80
BB 12(-59,30) 1 6 - -
GB 10(=11,31) 1 40 - -
HB 83(-37,20) 2 130 0.0% -
0B 87(~83,26) 1 60 - -
PD 8.4(-9.,26) 1 40 - -
GE 83(~89,26) 1 62 - -
L -28(-25,19) 1 60 - -
Q] 10(-11,32) 1 60 - -
QL 13(-85,34) 1 60 - .
oM -6.7(~30,16) 1 40 - 059
™ 89(-17,34) 1 40 - 081
UN 10(~7.4,28) 1 50 - -
50 11(-18,23) 2 76 0.0% -
T-0 93(~15,20) 3 170 145% -

A, Physical rehabilitation; B, Body acupuncture; C, Electro-acupuncture; D, Massage; E, Proprioceptive Neuromuscular Facilitation; F, Body acupuncture plus extracorporeal shock wave
treatment; G, Body acupuncture plus proprioceptive neuromuscular facilitation; H, Body acupuncture plus massage; I, Electro-acupuncture plus repetitive transcranial magnetic stimulation
Physical rehabilitation plus continuous theta burst stimulation: K, Physical rehabilitation plus intermittent theta burst stimulation; L, Physical rehabilitation plus repetitive transcranial
magnetic stimulation; M, Physical rehabilitation plus extracorporeal shock wave treatment; N, Physical rehabilitation plus electro-acupuncture; O, Physical rehabiltation plus body
acupuncture; P, Physical rehabilitation plus massage; Q. Physical rehabilitation plus rep magnetic stimulation plus continuous theta burst stimulation; R, Physical
rehabilitation plus repetitive transcranial magnetic stimulation plus intermittent theta burst stimulation; S, Physical rehabilitation plus repetitive transcranial magnetic stimulation plus body
acupuncture; T, Physical rehabilitation plus extracorporeal shock wave treatment plus body acupuncture; Uy Physical rehabilitation plus repetitive transcranial magnetic stimulation plus
electro-acupuncture; FMA-UE, The Fugl-Meyer Assessment-Upper Extremity scales MBI, The Modified Barthel Index scale. Bold values indicate satistically significant results (95% CI
excluding zero).
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1.Age> 18 years
2. Diagnosed with acute ischemic stroke|

3. Initiation ofendovascular treatment
(n=2004)

Excluded:

Only extracranial artery occlusion, n = 83
No evidence oflarge vessel occlusion. n = 98|
Missing baseline data, n= 30

Included in the ANGEL-ACT registry
(0=1793)

Excluded:

No thrombectomy was performed. n= 186
Tandem lesions, n=318

Other determined etiology. n = 40
Undetermined etiology. n= 203

\I:Aissixlg 90-day mRS score. n=10

CE
(n=491)
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Intervention

Comparators

Outcomes

Languages

Study designs

Inclusion

+ Patients diagnosed with a stroke through head CT or MRI scans,

exhibiting increased muscle tone, brisk tendon reflexes, and the
presence of pathological reflexes on the affected side of the upper limb,
are classified as having negative or positive pathological reflexes.

+ Bligible study participants were adults over 18 years of age, with no.
limitations regarding gender or disease duration.

‘The physical therapy programme encompasses individual and combined

treatments, including acupuncture (electroacupuncture and body

acupuncture), massage, PNF techniques, ESWT, rTMS, cTBS, iTBS, and

physical rehabilitation.

Physical rehabilitation (Traditional rehabili

ion therapy without the
use of mechanical aids, such as manual physical therapy and traditional
exercise therapy)

+ Fugl-Meyer Assessment-Upper Extremity (FMA-UE)

« Modified Barthel Index (MBI)

« Adverse events (AEs)

Chinese and English

Randomized controlled trials (RCTs)

Exclusion

+ Spastic paralysis due to such as head trauma.

+ Under the age of 18 years

Other non-pharmacological treatments not covered by the study

Other non-pharmacological treatments not covered by the study

Lack of valid outcome

Other languages

Non-randomized controlled trials (RCT) and conference papers
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Author Sample (T/C) Age (year) Stroke type Course of Treatment Intervention ~ Outcome Drop-out

(M/F) (I/H) disease period situation (T/C)
AIYX 2023 1911 5544 - (456£089)w | PREESWT+BA 4w EMA-UE None
1713 5615 - (4234093)w  PR+BA MBI
1416 5744 - (416£078)w | PR
Bao YH 202 23123 67394975 3412 (63£142)m | PReEA 4w EMA-UE None
19/22 66564965 3219 @s8+140)m | EA
2120 6485+890 3 @59t14)m | PR
Barros G 2014 o/ 5744120 91 (78+432)m | PRerTMS 4w EMA-UE None
7n 6164638 82 (89+27.)m | PR
Chen DY 204 1713 68744523 18012 (2641£429)d | PReESWT 4w FMA-UE None
18/12 69.1146.14 2010 (2731£564)d | PR MBI
Chen QF 2021 20110 641313.20 26/ (00£13)m | PRerTMS 4w FMA-UE None
20110 61371190 2317 @171L)m | PR b
ChenY 2021 1373 57384804 106 (8013£35.19)d  PR+TBS 2w MBI 2
12/4 51444919 88 (10150£5415)d | PR 0
Chen Y] 2019 714 529111 29 - PR4TBS 2w FMA-UE None
714 526483 38 - PR
Chu GX 2009 1812 6037+ 10.81 2505 (4233£1672)d | PR4EA 4w MBI None
1614 6077 £ 10,65 24/6 (4020 1406)d | PR
Dang ¥$ 2020 20115 55234848 18/17 (5028+1632)d  PR+BA 4w MBI None
19/16 55264851 20115 (5024£1627)d | PR
GuYL 2018 26/14 58011014 - (4850%1212)d | PReM 3w FMA-UE None
25/15 56,12+ 11.06 - (5092£1203)d PR b
Hao JB 2016 26/14 61304933 2812 - PR+M 4w MBI None
2416 6096+ 876 26114 - PR
Jiang YY 2023 1312 5672 10.50 - (62 118)m | PRATMSEA 4w EMA-UE None
17/8 54.56+12.68 - (266+112)m | PR+EA MBI
Kum O 2021 s 563115 710 (164225)m  PRerTMS 10w FMA-UE None
61 6134938 700 (145£16)m | PR+cTBS
an 650246 60 (145:20)m PR
Lei JE 204 1872 5890 +9.49 16/4 (182£125)m | PRerTMS+BA 4w FMA-UE None
e 5910 11.92 12/8 (L1I8£0.63)m | PRBA B
Lei M 202 27119 6491£8385 3115 - PR+M 12w EMA-UE None
27114 63664902 26/15 - PR
LiB 2021 213 6253£275 - (4586£150d | BAWM 8w MBI None
1916 62464287 - (4593£165d | BA
LiBy 2017 3228 557448 - (152437)d  PR+BA 8w FMA-UE None
3525 519452 - (5633)d PR
LiD 2021 20110 5677+ 858 2406 (63 185m | PReTMS+cTBS 4w MBI None
1911 57.60+7.40 217 (380£17)m | PRerTMS
1812 55.1347.90 24/6 (367+184)m | PRecTBS
Lizw 2022 1812 60.27+6.14 16014 B97+414)w | PReM 4w FMA-UE None
16/14 599347.15 19/11 (930 £455)w | PR MBI
Lin FY 2018 173 59+5 2505 82166)d PR+BA 4w FMA-UE None
1614 597 26/4 93£63)d PR MBI
Liu HJ 2023 18112 5523+7.86 2505 (3834103 m | PRBA 4w EMA-UE 0
172 54831392 2009 (399£096m | PR MBI 1
LiuQQ 2021 1912 55514320 - (4578+545)d  BA+PNE 4w FMA-UE None
18/13 55424319 - (4521£523)d | PNF MBI
LiuSD 2023 28122 7305+ 631 - (Qua1£561)d | EA+TMS 4w FMA-UE None
30120 72374563 - (0215540)d | EA
LiuSH 2019 713 61352943 - @81£127)m | PRerTMS 4w EMA-UE None
19 5500+ 11.86 - (GUEL3)m PR MBI
LiuY 2018 B 56.90+9.02 - (450£190)m | PRerTMS 8w FMA-UE None
94 5538 £ 8.40 - (485£208m | PR MEL
Ma AF 2022 30112 6146 32110 (278438)d | PRe+BA 4w FMA-UE None
3210 6046 3 @73:36d | PR
Ma ]y 2020 1713 6047398 - (9135448)d | BASM 8w MBI None
1911 60.43£373 - (1860+289)d | BA
Motamed V 2014 6 55174542 - (2400£829)m | PR+TMS 3w FMA-UE None
6 57.00+8.67 - (2300£899)m | PR MBI
NiHH 202 3614 - 34116 (35.02£682)d | PR+BA 4w FMA-UE None
3416 - 3317 (352046400d | PR
QinY 2023 96 5587 10.50 - (3204199 m | PRerTMS 8w FMA-UE None
/3 59.43£9.12 - (285+174)m | PR MBI
ShiJ 2019 1278 585495 - (673£459)d  BA+PNF 4w FMA-UE None
13/7 552139 - (723:486)d | BA MBI
SunX 2023 1614 558341105 - (29604648)d | PReESWT+BA 4w EMA-UE None
1713 5830 10.95 - (2913£550)d  PR+BA
Sun YZ 2013 1713 62824793 - (55.44£830)d  PR+EA 4w FMA-UE None
15/15 63504651 ) (5967+68)d | PR
Tong JY 2022 32126 6062563 - (5835£620)d  PR+BA 4w FMA-UE None
3127 60.45+5.59 - (5827£617)d | PR s
Wang CP 2014 143 622412 - (16+39)m PRerTMS+HTBS 4w EMA-UE None
nss 6254134 - @a+3)m PR
Wang 2018 1515 53754797 1812 (50431693)d  PR+BA 4w FMA-UE 1
1713 55174846 19/11 (50264 1634)d | BA 1
1615 51914876 174 (54914876)d | PR 1
Wei CB 2021 1010 567105 2000 - PRAESWT+BA 4w FMA-UE None
/9 575494 20/0 - PRESWT MBI
1377 563114 200 - PRBA
1278 553104 200 - PR
Wen DG 2020 1218 5715 1104 ) - PR+M 3w EMA-UE None
14/6 6260899 - : M MBI
1474 62154897 - - PR
Xie WX 2023 13/6 584221276 14/5 - PRHTMS+BA 2w MBI 1
1077 54479152 107 - PRBA 3
XuSF 2016 288 6010 - (5039£2252)d  PR+BA 4w FMA-UE 2
20111 6546 - (775£2263)d | PR b 3
XuYL 2010 1715 57473 1715 (873£1952)d | BA 12w EMA-UE None
1417 s8147 1615 (5249£2165)d | PR
Yang NY 2017 1278 607122 16/4 (375260 d PR+TMS 2w FMA-UE None
17/3 5874127 13/7 (425£30.6)d PR MBI
Yang X 2021 86 60.86 12,39 - - PR1TMS 8w FMA-UE None
47 66.09+7.436 - - PR MBI
Zhang L 2015 2118 5164104 319 @7+12)m PR+BA sw EMA-UE None
2416 521486 337 (25£13)m PR MBI
Zhang QF 2021 48/54 5347381 - (234£075m | PReM 4w FMA-UE None
58/44 53844329 - (15£06)m | PR
Zhang X 2021 18117 5066+ 8.77 2906 (43£132)m | PReESWT+BA 4w EMA-UE None
1916 5263+ 8.64 2976 (31£156)m | PRBA MBI
Zhao ] 2021 36/14 5632+7.83 - (87408 m | PRerTMS aw EMA-UE None
35015 5629+ 7.88 - (281£079)m | PR MBI
Zhao JY 2021 1812 661416 - (298+15)d | BA+ESWT 3w FMA-UE None
16/14 678+18 - (302£20)d BA MBI
Zhou P 2019 1713 6049 1218 (542211 d | PRBA 4w EMA-UE None
1614 6148 14716 (44.1£202)d | BA MBI

“Treatment group; C, Control group; M, Man; F, Female; 1, Ichemic Stroke; H, Hemorrhagic stroke; PR, Physical rehabilitation; BA, Body acupuncture; EA, Electro-acupuncture; M, Massage; PNT, Proprioceptive Neuromuscular Facilitation; ESWT, Extracorporeal
shock wave treatment; FTMS, Repetitive transcranial magnetic stimulation; {TBS, Intermittent theta burst stimulation; ¢TBS, Continuous theta burst stimulation; FMA-UE, The Fugl-Meyer Assessment-Upper Extremity scale; MBI, The Modified Barthel Index scale.
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Stroke

Characteristic Overall, N = 918" Alive, N = 549" Dead, N = 369"
Age 67.0(56.0,77.0) 62.0(51.0,69.0) 77.0 (68.0,80.0) <0001
Gender 04
Female 465 (56%) 305 (57%) 160 (54%)
Male 453 (44%) 244 (43%) 209 (46%)
Race <0.001
Mexican American 85 (4.4%) 60 (5.1%) 25 (3.1%)
Non-Hispanic Black 234(13%) 160 (15%) 74 (9.8%)
Non-Hispanic White 494(73%) 248 (67%) 246 (82%)
Other Hispanic 56 (2.8%) 43 (3.6%) 13 (1.4%)
Other Race 49 (69%) 38 (8.8%) 11 (3.4%)
Education 0002
Above high school 355 (45%) 234 (50%) 121 (37%)
Below high school 141 (9.9%) 77 (8.0%) 64 (14%)
High school 422 (45%) 238 (42%) 184 (50%)
Income 02
Poverty 227 (20%) 151 (22%) 76 (17%)
Richer 691 (80%) 398 (78%) 293 (83%)
BMI 29(25,34) 30(25,34) 28(24,32) 0.001
Drinker 608 (69%) 372(73%) 236 (60%) 0,005
Smoker 259 (28%) 176 (31%) 83 (22%) 0,050
Hypertension 704 (75%) 404 (71%) 300 (81%) 0.003
Diabetes 08
Diabetes 343(33%) 197 (32%) 146 (35%)
Normal 275 (33%) 168 (34%) 107 (32%)
Prediabetes 300 (34%) 184 (34%) 116 (33%)
NLR 2.19(1.69, 3.06) 2.08(1.65, 2.74) 242(1.81,3.45) 0,004
PLR 123 (94,155) 122 (95,151) 125 (92, 168) 05
NPAR 145 (128, 160) 141(125,157) 151(132,171) 0.001
sit 525 (361, 730) 501 (353, 711) 558 (384, 781) 012
SIRI 126 (0.86, 1.95) 120 (0.82,1.82) 153(1.00,2.17) <0.001
AIST 299 (187, 450) 279 (183, 427) 348 (200, 514) 0004

‘Median (Q1, Q3); 1 (unweighted) (%). “Design-based Kruskal- Wallis test; Pearsons X’: Rao-Scott adjustment.
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Indicators Model 1 Model 2 Model 3

95% CI'  p-value OR! 95% CI'  p-value OR! 95%CI'  p-value

NLR 124 106,145 0.008 116 099,135 0.066 114 099, 1.31 0077
PLR 1.00 1.00, 1.00 0.200 100 1.00,1.00 0.700 100 1.00,1.00 0.600
NPAR 101 100,102 0.002 101 100,102 0.006 101 100,102 0010
sit 1.00 1.00,1.00 0.120 100 1.00,1.00 0200 1.00 1.00,1.00 0300
SIRI 149 125,177 <0.001 129 105,157 0015 124 102,151 0029

AISL 1.00 1.00, 1.00 0.003 100 1.00,1.00 0.049 100 1.00,1.00 0.090
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Cluster

Characteristic Overall, N = 918! Clusterl, N = 491! Cluster2, N = 427" p value?
MORTSTAT 0004
0 549 (64%) 321 (70%) 228 (57%)
1 369 (36%) 170 (30%) 199 (43%)
Age 67.0(56.0,77.0) 650 (54.0,75.0) 68.0(58.0,78.0) 0.034
Gender 03
Female 465 (56%) 247 (54%) 218 (58%)
Male 453 (44%) 244 (46%) 209 (42%)
Race 0042
Mesican American 85 (4.4%) 45 (4.8%) 40 (3.9%)
Non-Hispanic Black 234(13%) 147 (16%) 87 (11%)
Non-Hispanic White 494 (73%) 238 (68%) 256 (78%)
Other Hispanic 56 (2:8%) 34 (3.0%) 22(2.6%)
Other Race 49(6.9%) 27 (8.7%) 22(4.8%)
Education 07
Above high school 355 (45%) 190 (47%) 165 (44%)
Below high school 141 (9.9%) 76 (10%) 65 (9.8%)
High school 422 (45%) 225 (43%) 197 (46%)
Income 03
Poverty 227 (20%) 125 (19%) 102 (22%)
Richer 691 (80%) 366 (81%) 325 (78%)
BMI 29(25,34) 29(25,33) 29(25,35) 05
Drinker 608 (69%) 313 (67%) 295 (71%) 04
Smoker 259 (28%) 135 (26%) 124 (30%) 02
Hypertension 704 (75%) 368 (72%) 336 (78%) 02
Diabetes 08
Diabetes 343 (33%) 172(32%) 171 (34%)
Normal 275 (33%) 153 (34%) 122 (32%)
Prediabetes 300 (34%) 166 (34%) 134 (34%)
NLR 219 (1,69, 3.06) 175 (138, 2.06) 3.13(240,3.93) <0001
PLR 123 (94,155) 106 (84, 131) 140 (114, 188) <0.001
MLR 0.29(0.22,040) 0.26(021,033) 0.36(0.27,047) <0001
NPAR 145 (128, 160) 129119, 138) 162 (154,175) <0.001
sit 525 (361, 730) 390 (286, 510) 711 (564, 957) <0001
SIRI 126 (0.86,195) 0.96 (067, 1.30) 1.82(1.28,2.48) <0.001
AIST 299 (187, 450) 220 (141,322) 419 (288, 606) <0.001

' (unweighted) (%); Median (Q1, Q3). *Pearsonis X’: Rao-Scott adjustment; Design-based Kruskal-Wallis test.





OPS/images/fstro-04-1682445/crossmark.jpg
©

|





OPS/images/fneur-16-1554583/fneur-16-1554583-e015.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e011.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e012.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e013.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e014.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e007.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e008.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e009.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e010.jpg





OPS/images/fneur-16-1554583/fneur-16-1554583-e006.jpg





OPS/images/fneur-16-1465467/fneur-16-1465467-t002.jpg
S(n=22)

HC (n = 15)
M (Q1-Q3)

Test statistics

M (Q1-Q3)
Sex (M/F) 1309
Age 57 (52,68)
BMI (kg/m?) 240 (22.8,26.0)
Weight (kg) 63.5(56.5,72.5)
FTSST (5) 13.0(114,15.0)
VO, (ml/min) 8957 (662.1,1276.2)
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Number Ischemia (1)/ Lesion Days after Side of Hemiplegic side

lemorrhage (H) stroke lesion, left/
onset right
st M 45 H BG 365 R L
$2 M 58 1 BG % R L
s F 53 1 BG 360 R L
s M 68 1 R 361 L R
s5 M 38 1 BG 150 R L
$6 M 53 1 Pon 120 L R
57 M 51 H BG 120 R L
S8 P 7 1 BG 30 L R
$9 M 65 1 BG 60 R L
s10 F 2 1 BG,IC 30 R L
si1 P 65 1 R 362 R L
s12 M 52 1 R 2 L R
s13 P 57 H BG 400 R L
sia P 7 1 Pon 60 L R
s15 F 58 1 BG 181 L R
s16 P 66 1 BG,IC 1 L R
s17 M 52 H Tha 35 L R
s18 M 55 1 Pon 397 L R
s19 M 72 1 BG 99 L R
$20 P 7 1 BG 2 R L
21 M 70 1 BG 210 L R
522 M 49 1 BG 389 L R

S, stroke; F, female; M, male; I, ischemia; H, hemorrhage; L, lef; R, right; BG, basal ganglia; CO, centrum ovale; CR, corona radiate; Tha, thalamus; IC, internal capsule.
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Variable

No. of participants
Age, years
Gender, %
Male
Female
Race, %
Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Other Race - Including Multi-Racial

Marital status, %

Married/Living with Partner
Widowed/Divorced/Separated
Never married

Education level

Less than 9th grade

9-11th grade (Includes 12th grade with no diploma)

igh school graduate/GED or equivalent
Some college or AA degree
College graduate or above

Family monthly poverty level category
Monthly poverty level index =130
1.30 < Monthly poverty level index = 1.85
Monthly poverty level index >1.85

BMI (kg/m**2)

High blood pressure

Fasting Glucose (mg/dL)

Diabetes

Cotinine, Serum (ng/mL)

Alcohol

Osteoporosis

Depression

Dizziness

Stroke

Bolded text reads: p < 0.05

726

6532 (0.58)

366 (46.91)
360 (53.09)

38(2.30)
73(492)
403 (80.71)
134 (5.42)
35(1.97)

43 (4.66)

376 (58.64)
291(36.24)

59(5.12)

55 (2.69)
74/(5.95)
199 (31.01)
249 (34.55)

148 (25.7880)

177 (17.6039)
100 (12.4898)
363 (69.9063)
30.02 (0.4)
446 (54.09)
114.926560 (2.09)
183 (2027)
53.651996 (4.43)
592(95.75)
160 (21.63)
88 (11.13)
133 (44.35)

101 (10.93)

4253

63.87(0.29)

2094 (46.19)

2,159 (53.81)

419 (5.37)
432(6.45)
1,558 (67.33)
1,198 (11.40)
494 (5.83)
152 (3.62)

2,444 (64.94)
1,435 (28.76)

366 (6.30)

448 (5.24)
508 (7.77)
1,060 (28.73)
1,234 (28.17)

992 (30.08)

1,086 (18.85)
597 (12.61)
2009 (68.54)
29.87(0.16)
2,345 (49.41)
117.135401 (1.55)
1,019 (19.19)
40.818935 (2.63)
3,263 (91.28)
450 (11.51)
317 (6.21)
567 (39.91)
334 (6.18)

0.0085

07979

<0.0001

0.0053

0.0441

08509

07253
01472
03133
06496
0.0068
0.0028

<0.0001
0.0013
02357

<0.0001
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Variable

Fracture

Stroke
Non-fracture

No. of participants
Age, years
Gender, %
Male
Female
Race, %
Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black

Non-Hispanic Asian
Other Race

Marital status, %
Married/Living with Partner
Widowed/Divorced/Separated
Never married

Education level
Less than 9th grade
9-11th grade (Includes 12th grade with no diploma)
High school graduate/GED or equivalent
Some college or AA degree
College graduate or above

Family monthly poverty level category
Monthly poverty level index =130
1.30 < Monthly poverty level index = 1.85
Monthly poverty level index >1.85

BMI (kg/m**2)

High blood pressure
Yes
No

Fasting Glucose (mg/dL)

Diabetes
Yes
No

Borderline

Cot

ne, Serum (ng/mL)
Alcohol

Yes

No
Osteoporosis

Yes

No
Dizziness

Yes

No
Depression

Yes

No

Bolded text reads: p < 0.05

101
68.65 (1.53)

47 (26.14)
54(73.86)

4(163)
8(259)
54(77.69)
21(7.94)
4(1.64)
10 (8.48)

47 (55.34)
44(35.17)
10(9.49)

10 (4.76)
11(651)
35 (37.87)
27 (24.61)
18(26.25)

34(31.55)

15 (13.30)

40(55.15)
3072 (0.72)

76 (71.83)
25(28.17)
12071 (8.55)

43 (43.64)
55(54.43)
3(1.92)
5237 (1387)

78 (87.44)
8(1255)

34(33.33)
67 (66.67)

34(56.58)
15 (43.42)

25(29.67)
76 (70.33)

334
68.01 (0.83)

180 (52.22)
154 (47.78)

19.(433)
24(5.68)
131 (6451)
130 (18.16)
15(2.75)
15(4.57)

158 (56.42)
148 (39.26)
26(432)

30 (6.63)
61 (13.46)
107 (40.62)
88 (24.43)
48 (14.86)

111 (2551)
45 (13.92)

138 (60.57)

29.85 (0.55)

261 (71.64)
73 (2836)
127.59 (6.56)

106 (32.23)
216 (66.46)
11(1.31)
65.19(1371)

253(93.2069)
25 (6.7931)

46 (15.81)
286 (84.19)

88(54.98)
75 (45.02)

48 (13.16)
286 (86.84)

0.734

<0.0001

0.0122

0.4007

0.2507

0.7839

0316

0.9881

05116

0.3055

0.5708

0.2654

0.0167

0.8836

0.0028
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Variable

Unadjusted

aOR (95%Cl)

Model |
aOR (95%Cl)

Model Il
aOR (95%Cl)

Stroke
Yes
No
Stroke
With depression
‘Without depression

Bolded text reads: p < 0.05.

1862 (1.348,2.573) 0.0005
Referent

2.785 (1.271,6.101) 0.0125
Referent

1789 (1.240,2.581)

Referent

3737 (1.4709.498)

Referent

0.0031

0.0075

1624 (0.931,2.832)

Referent

3,068 (1.026,9.175)

Referent

0.0845

00453
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Subject

ADL
nction normal

dysfunction

p value

N 483 648

Family size 2.00 (2.00-3.00) 2.00 (2.00-3.00) 0.487
Health child 2.00 (2.00-3.00) 3.00 (2.00-4.00) 0.028
Children’s 2500.00 (500.00— 2515.00 0.229
economic 6500.00) (687.50-7000.00)

support

Parent’s 100.00 (0.00-2000.00) 100.00 0.667
economic (0.00-1200.00)

support

CESD-10 7.00 (3.50-12.00) 14.00 (9.00-19.00) <0.001
Life 3.00 (3.00-4.00) 3.00 (3.00-4.00) <0.001
satisfaction

Count of 1.00 (0.00-4.00) 3.00 (1.00-7.25) <0.001
painful areas

Sleep duration 6.00 (5.00-7.50) 5.00 (4.00-7.00) <0.001
Total 1.00 (0.00-1.00) 0.00 (0.00-1.00) <0.001
categories of

social activities

Age 67.00 (60.00-71.00) 69.00 (62.75-74.00) <0.001
Education 2.00 (1.00-3.00) 1.00 (1.00-3.00) <0.001
level

Total 3814.00 (1485.00~ 1732.50 <0.001
metabolic 7068.00) (462.00-4764.00)

output from

physical

activity

Episodic 4.00 (3.00-5.50) 3.50 (2.00-5.00) <0.001
memory

(0-10)

Self-rated 3.00 (2.00-3.00) 2.00 (1.00-3.00) <0.001
health

Gender

0 195 (40.37%) 363 (56.02%) <0.001
1 288 (59.63%) 285 (43.98%)

Marry

0 91 (18.84%) 142 (21.91%) 0.206
1 392 (81.16%) 506 (78.09%)

Residence

0 200 (41.41%) 240 (37.04%) 0.136
1 283 (58.59%) 408 (62.96%)

Hip fracture

0 483 (100.00%) 630 (97.22%) <0.001
1 0(0.00%) 18 (2.78%)
Hypertension

0 166 (34.37%) 169 (26.08%) 0.003
1 317 (65.63%) 479 (73.92%)

Diabetes

0 360 (74.53%) 456 (70.37%) 0.122
1 123 (25.47%) 192 (29.63%)

Cancer

0 471 (97.52%) 629 (97.07%) 0.648
1 12/ (2.48%) 19 (2.93%)

Lung disease

0 410 (84.89%) 491 (75.77%) <0.001
1 73 (15.11%) 157 (24.23%)

Cardiac disease

0 318 (65.84%) 335 (51.70%) <0.001
1 165 (34.16%) 313 (48.30%)

Mental disorder

0 461 (95.45%) 590 (91.05%) 0.004
1 22 (4.55%) 58 (8.95%)

Arthritis

0 251 (51.97%) 260 (40.12%) <0.001
1 232 (48.03%) 388 (59.88%)
Dyslipidemia

0 261 (54.04%) 308 (47.53%) 0.030
1 222 (45.96%) 340 (52.47%)

Liver disease

0 434 (89.86%) 551 (85.03%) 0.017
i 49 (10.14%) 97 (14.97%)

Kidney disease

0 406 (84.06%) 485 (74.85%) <0.001
1 77 (15.94%) 163 (25.15%)

Digestive disease

0 309 (63.98%) 382 (58.95%) 0.086
i 174 (36.02%) 266 (41.05%)

Asthma

0 452 (93.58%) 569 (87.81%) 0.001
1 31(6.42%) 79 (12.19%)

Memory disorder

0 432 (89.44%) 506 (78.09%) <0.001
1 51(10.56%) 142 (21.91%)

Intense exercise

0 319 (66.05%) 506 (78.09%) <0.001
1 164 (33.95%) 142 (21.91%)

Moderate exercise

0 233 (48.24%) 402 (62.04%) <0.001
1 250 (51.76%) 246 (37.96%)

Light exercise

0 114 (23.60%) 156 (24.07%) 0.854
1 369 (76.40%) 492 (75.93%)

Alcohol consumption

0 318 (65.84%) 505 (77.93%) <0.001
1 165 (34.16%) 143 (22.07%)

Smoking

0 239 (49.48%) 365 (56.33%) 0.022
1 244 (50.52%) 283 (43.67%)
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Patients with severe
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Variable Non sarcopenia  Sarcopenia
N=176 N=33

Gender 1.000

Male 73 (41.5%) 14 (42.4%)

Female 103 (58.5%) 19 (57.6%)

Age 48.7 (9.54) 514 (7.69) 0.074

Race 0.003

Mexican American 18 (10.2%) 5(15.2%)

Other Hispanic 9(5.11%) 6(18.2%)

Non-Hispanic White 62 (35.2%) 16 (48.5%)

Non-Hispanic Black 69 (39.2%) 4(12.1%)

Other race 18 (10.2%) 2 (6.06%)

BMI 30.1 (7.07) 37.7 (9.44) <0.001

Weight 85.6 (22.8) 97.3(27.1) 0.025

Height 168 (8.59) 161 (9.54) <0.001

WAIST 103 (17.2) 116 (16.7) <0.001
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Variables Total Q1 (<37.4) Q2 (37.4- Q3 (40.21- Q4 (>42.8)

40.21) 42.80)
No. 2393 597 599 590 607
Sex, n (%) <0001
Male 1,538 (64.3) 347 (58.1) 365 (60.9) 388 (65.8) 438(722)
Female 855 (35.7) 250 (41.9) 234(39.1) 202(34.2) 169 (27.8)
Age, Mean £ 5D 696116 746110 7154101 680108 6434118 <0001
BMI, Mean + SD 245434 237436 244235 248433 25032 <0001
Barthel Index Score, Mean + SD 621269 4922278 6124260 6324236 6994251 <0001
NIHSS, Mean £ SD 39547 55457 37541 32435 34450 <0001
Hypertension, 1 (%) 0028
No 472(202) 139.(24.3) 119(202) 109 (18.8) 105 (17.6)
Yes 1867 (79.8) 434(75.7) 470 (79.8) 471(81.2) 492 (824)
Diabetes, 1 (%) 0.27
No 1,257 (537) 328(57.2) 309 (52.5) 302 (52.1) 318(53.3)
Yes 1,082 (463) 245 (428) 280 (47.5) 278 (47.9) 279 (46.7)
Coronary heart disease, 1 (%) <0001
No 1952 (83.5) 448 (782) 486 (82.5) 501 (86.4) 517(86.6)
Yes. 387 (16.5) 125(21.8) 103 (17.5) 79 (13.6) 80 (13.4)
Atrial fibrillation, n (%) <0001
No 2053 (87.8) 444 (77.5) 509 (86.4) 539 (92.9) 561(94)
Yes 286(122) 129(225) 80(13.6) 417.1) 36(6)
Cancer, n (%) 0374
No 2048 (87.6) 498 (86.9) 507 (86.1) 518(89.3) 525 (87.9)
Yes. 291 (124) 75 (13.1) 82(13.9) 62(10.7) 72(12.1)
History of stroke, 1 (%) 0951
No 1934 (827) 471(82.2) 490 (83.2) 477 (82.2) 496 (83.1)
Yes 405(17.3) 102(17.8) 99 (16.8) 103 (17.8) 101(16.9)
Smoking status, 1 (%) 0.002
No 1,289 (58.7) 362 (64.9) 320(59.1) 307 (57.1) 300 (53.8)
Yes 906 (41.3) 196 (35.1) 221(40.9) 231 (42.9) 258 (46.2)
Drinking status, 7 (%) 0562
No 1887 (82.7) 469 (83.3) 471 (82.8) 478 (83.9) 469 (80.9)
Yes 395(17.3) 94(16.7) 98(17.2) 92(16.1) 11(19.1)
TOAST dlassification, n (%) <0001
Large-artery atherosclerosis 865 (42.4) 209 (43.7) 211 (40.1) 212(41.7) 233 (44)
‘Small-vessel occlusion 802(39.3) 133(27.8) 212(403) 231 (45.4) 226 (42.7)
Cardioembolism 204 (10.0) 76 (15.9) 66(12.5) 33(6.5) 29(55)

Stroke of another determined
55(27) 20(42) 12(23) 9(1.8) 14(26)
etiology

Stroke of unknown etiology 116(57) 40(3.4) 25(48) 2(47) 27(5.1)
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Variable n. Crude model Model 1 Model 2 Model 3

event_%
OR OR p- OR p- OR
(95%Cls) (95%Cls)  value = (95%Cls) value  (95%Cls)
Albumin 085 09 09 093
2393 446 (18.6) <0001 <0.001 <0.001 0.004
®) (0.83~0387) (0.87~093) (0.87~094) (0.88~098)
Albumin
Group (g/L)
Q1 (<37.4) 597 212(355) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
04 049 05 068
599 108 (18) <0001 <0.001 <0.001 0.148
031~052) 0.34~071) (0.34~073) 04~1.15)
Q3 (4021~ 02 043 045 055
590 58(9.8) <0001 <0.001 <0.001 0.04
4280) 0.14~027) 0.29~064) (0.3~068) 032~097)
023 044 048 065
Q4(>428) 607 68(11.2) <0.001 <0.001 0.001 0139
(017 ~031) (0.29~0.66) (031~073) (037~ 115)
“Trend test <0.001 <0.001 <0.001 0116

Q. quartles; OR, odds ratio; Cl, confidence interval; Ref: reference. Model 1 was adjusted for Sex, Age, BMI, Smoking Status, and Drinking Status. Model 2 was adjusted for Sex, Age, BMI,
Smoking Status, Drinking Status, Hypertension, Diabetes, Coronary heart disease, Atrial fibrillation, Cancer, and History of stroke. Model 3 was adjusted for Sex, Age, BMI, Smoking Status,
Drinking Status, Hypertension, Diabetes, Coronary heart disease, Atrial fibrillation, Cancer, and History of stroke, NIHSS, TOAST classification.
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Serum albumin (g/L) Adjusted Model

OR (95%CI) p-value
<380 0.680 (0.568 ~ 0.814) <0.001
2380 0.961 (0.875 ~ 1.057) 04125
Likelihood Ratio test 0001

OR, odds ratio; CI, confidence interval. Adjusted for Sex, Age, BMI, Smoking Status, and Drinking Status, Hypertension, Diabetes, Coronary heart disease, Atrial fibrilation, Cancer, and
istory of stroke, NIHSS, TOAST classification. Only 99% of the data is displayed.
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