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Editorial on the Research Topic
 Enhancing geriatric care: international collaboration and best practices for aging populations





Introduction

Aging is not considered a passive course of decline but an active, multifaceted process influenced by biology, evolution, environment, technology, policy, and culture. In this Research Topic, we present studies from diverse regions—China, Singapore, Italy, Bangladesh, the Philippines, Saudi Arabia, and others. These studies offer important insights into how we can redefine and support healthy aging and highlight common challenges and regional nuances in a wide variety of age-related health topics.

Loneliness in older people has emerged as a critical yet often overlooked determinant of cognitive decline. A study entitled “Latent profile analysis of loneliness among elderly people in the community and its relationship with cognitive function” (Yang L. et al.) demonstrated that older individuals experiencing high levels of emotional and social loneliness were more likely to suffer cognitive impairment. This suggests a strong psychosocial-biological link that cannot be ignored in health policy. The implications are twofold: first, social interventions such as community engagement and digital inclusion are necessary; second, cognitive assessments should incorporate loneliness screening as a preventative measure.

Intrinsic capacity—a WHO-endorsed composite measure of physical and mental reserves—has emerged as a crucial metric in healthy aging. A longitudinal study from China, “The association between sleep duration trajectories and intrinsic capacity in middle-aged and older adults in China: a longitudinal Chinese study assessing healthy aging” (Yang C. et al.) revealed that irregular or short sleep duration over time was significantly associated with a decline in intrinsic capacity. Notably, the interaction of poor sleep and impairments in activities of daily living (ADLs) have also predicted increased depressive symptoms, underscoring the need to view sleep, functionality, and mental health as interconnected. These findings emphasize the importance of monitoring sleep patterns and ADLs collectively within national health screening programs.

The policy brief “Brief geriatric assessments for older adults in the community in Singapore: a policy brief ” (Tan et al.) supports the integration of simple, multidomain screening tools into primary care to identify high-risk older adults early. The streamlined nature of these tools makes them scalable and cost-effective, particularly useful for countries facing resource constraints. This model reflects a strategic policy shift: from reactive hospital care to proactive community engagement. Other nations with similar aging demographics can adopt or adapt this framework to fit local requirements.

Frailty represents a critical tipping point in aging. The paper “Investigation of the association between the triglyceride-glucose index and the incidence of frailty among middle-aged and older adults: evidence from the China health and retirement longitudinal study” (Long et al.) used longitudinal data from the China Health and Retirement Longitudinal Study (CHARLS) to find that metabolic dysfunction—particularly elevated triglyceride-glucose index (TyG)—predicted a higher risk of frailty. This suggests that metabolic health in midlife is a powerful modifiable factor in later-life outcomes. Public health interventions targeting blood sugar and lipid profiles may therefore delay or prevent frailty.

The comprehensive study “Gender disparities in healthy ageing in China: current status and future prospects” (Deng et al.) found that older women face more severe health limitations than men, despite having a longer life expectancy. This paradox—longer life but poorer health—points to systemic biases in access to healthcare, education, and financial independence. The findings advocate for gender-sensitive health policies that target women's lifelong disadvantages. Strategies could include improving education among younger women, ensuring gender equity in pension systems, and enhancing accessibility to preventive care for older women.

The observational study “Exploring supply and demand imbalance of community-based older adult care: an observational study in Chongqing, China” (Zhou et al.) revealed a significant mismatch between the availability of elder care services and the actual needs of older adults. In this study, it was found that many community centers were underused due to a lack of awareness, cultural reluctance, or insufficient staffing. This disconnection calls for a reassessment of care models, emphasizing not just infrastructure but also education, communication, and cultural sensitivity.

Advance care planning (ACP) is an important part of geriatric medicine, although it is often delayed until it is too late in the disease trajectory. A systematic review titled “Implementation and effectiveness of advance care planning in hospitalized older adults with chronic heart failure: a mixed-methods systematic review and meta-analysis” (Chen et al.) found that ACP led to improved patient satisfaction, more consistent end-of-life care, and fewer unnecessary hospitalizations. Despite the benefits, implementation barriers persist—including time constraints, provider discomfort, and lack of training. To address these issues, the authors recommend embedding ACP conversations into routine care early on, with structured tools and multidisciplinary collaboration.

The study “The current status of trauma care for older adults in Saudi Arabia” (Harthi et al.) highlighted systemic gaps in trauma response for the elderly, such as inadequate geriatric triage protocols and post-discharge planning. Similarly, the Taiwanese study “Developing a novel transitional care model for older emergency department patients and exploring the target population in Taiwan” (Hsu et al.) aimed to improve outcomes by identifying which patients would benefit most from targeted transitional care services. Both studies reinforce the need for specialized geriatric pathways within emergency and trauma wards, particularly in rapidly modernizing societies where older adults represent a growing patient cohort.

An important work, “Clinical characteristics and outcome of very old (≥90 years) critically ill patients with need for intensive care after surgical intervention” (Lücke et al.) challenges common biases of ageism in surgery. Despite their advanced age, a significant proportion of these patients survived and returned to baseline function post-operatively, especially when preoperative cognition and functionality were preserved. This situation lends credence to the argument against the tendency of blanket exclusions based on chronological age and supports a more nuanced approach based on biological age and individual prognosis.

The paper “Factors affecting the active aging situation in Bangladesh” (Afrin et al.) pointed to education, physical activity, social engagement, and economic independence as key contributors to active aging. Meanwhile, “Prospects for the diagnosis and treatment of sarcopenia in the Philippines” (Sun et al.) flagged a severe lack of diagnostic infrastructure and clinical awareness of sarcopenia—a key geriatric syndrome—despite its high prevalence. Both studies call for an urgent investment in primary care training, public health literacy, and culturally appropriate guidelines tailored to low- and middle-income countries.

Italy's long-term care reform, as analyzed in “Reforming Italy's long-term care system: the role of barriers to and drivers of the use of services at the local level” (Santini et al.), offers an important perspective. Despite a high-income status and aging demographic, Italy struggles with regional disparities and bureaucratic obstacles. The study identifies fragmentation of services, workforce shortages, and low public awareness as critical barriers. Solutions include decentralization of care with strong national oversight, incentives for local innovations, and clearer pathways for accessing services.

An interesting report “Factors influencing mutual support among older people in China: a cross-sectional study” (Xu et al.) underscores the value of community-driven care models. Older people who participate in regular activities, express willingness to give and receive help, and avoid social isolation are far more likely to engage in mutual support networks. This finding reinforces the principle that healthy aging is not solely a biomedical issue but also a social one. Community organizations, supported by policy, can act as catalysts for sustaining these networks, which, in turn, foster resilience and independence.

A diabetes and chronic pain analysis with the title “The impact of diabetes on chronic pain in different body regions among adults aged 50 and older: a cross-sectional analysis” (Ding et al.) adds another dimension: chronic illness not only threatens physical health but also undermines quality of life through persistent pain, even when metabolic control appears optimal. The gender- and age-specific differences—especially the higher vulnerability in women, hypertensive individuals, and those under 65—suggest that precision public health strategies are essential. Effective aging policies must therefore integrate targeted pain prevention and management into broader chronic disease care frameworks.

At life's final stage, the quality of dying and death (QODD) study “Gender differences in quality of dying and death among older adults: a cross-sectional study in China” (Feng et al.) reveals a gender disparity that cannot be ignored: older women report better QODD than men. Differences are partly explained by measurable variables such as place of death, number of chronic conditions, and home environment, but more than half stem from unmeasured, possibly cultural or psychosocial factors. This points to the need for gender-sensitive end-of-life care planning, which ensures equitable dignity and comfort for both men and women.

Mental health remains a thread linking physical capacity to emotional wellbeing, as demonstrated in the “Interaction effects of sleep duration and activities of daily living on depressive symptoms among Chinese middle-aged and older adult individuals: evidence from the CHARLS” study (Wang et al.). Both short duration of sleep and functional impairments are independently associated with depression, but their combination exerts a synergistic negative effect. Conversely, longer hours of sleep appears to buffer against the emotional impact of functional decline.

Finally, the evaluation of long-term care insurance with the title “Evaluation of long-term care insurance pilot city policies in China: a cross-sectional study” (Du et al.) (LTCI) in pilot cities highlights systemic factors influencing aging outcomes. While the pilots have pioneered innovative approaches, they face persistent weaknesses: narrow financing channels, mismatched supply and demand, inconsistent care quality, and insufficient oversight. Strengthening LTCI requires structural reforms—diversified funding, standardized service quality, effective monitoring—and could be further bolstered by integrating community-based models.



Conclusions

This body of research across various continents reveals common patterns: loneliness affects cognition, sleep, and metabolic dysfunction predict frailty, and older adults—particularly women—remain underserved. In every part of the world, the fundamental needs of older people remain the same: dignity, autonomy, connection, and access to competent care.

There is no one-size-fits-all model for healthy and successful aging, but the principles of integration, early detection, cultural sensitivity, and personalization are universally applicable. Governments must move beyond reactive policy and embrace a forward-thinking, evidence-based approach grounded in these principles. We now have the tools, data, and models to build a more inclusive and compassionate future for aging. What remains is the will to act.
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The aging population in Saudi Arabia presents unique challenges to the trauma care system, especially in prehospital settings. This narrative review aims to assess the current status of trauma care for older adults in Saudi Arabia, focusing on the implications of aging, gaps in the trauma system, and the role of emergency medical services. The global rise in life expectancy has increased the incidence of injuries among older adults, leading to a greater burden on healthcare systems. The review highlights the complexity of assessing and managing trauma cases in older adults, including the impact of physiological changes on injury outcomes, challenges faced by ambulance workers, and the lack of a robust trauma care infrastructure in Saudi Arabia. Moreover, it identifies gaps in geriatric-specific training and prehospital care pathways that limit effective management. To address these issues, recommendations include enhancing geriatric-specific education for ambulance workers, improving trauma system infrastructure, and conducting further research to explore the impacts of aging on trauma outcomes. These efforts are critical for reducing the healthcare burden and improving trauma care quality for older adults in Saudi Arabia.
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1 Introduction

In recent years, the growing aging population has led to a significant rise in the demand for prehospital services globally, including in Saudi Arabia. This shift has resulted in increased resource allocation to meet the specific needs of older adults (1, 2). In Saudi Arabia, as in other nations, the provision of trauma care for older patients is becoming an increasingly critical aspect of emergency medical services. Despite the efforts of ambulance workers to effectively assess and manage trauma cases involving older patients, providing comprehensive and specialized care for these individuals presents numerous challenges (3–5). The unique characteristics of trauma incidents among older adults, such as falls from lower heights and road traffic collisions, complicate emergency response efforts and contribute to high rates of disability and mortality (6, 7).

The Saudi healthcare system faces distinct challenges in providing trauma care for older adults due to factors such as rapid population growth, an insufficiently developed trauma care infrastructure, and limited geriatric-specific prehospital training. This highlights the importance of understanding the current state of trauma care for older people in Saudi Arabia. Developing a comprehensive understanding of the characteristics of older trauma patients, the existing protocols for managing their care, and the outcomes associated with prehospital interventions is critical for improving patient outcomes and reducing the burden on healthcare services (8). The aim of this review is to highlight the current status of trauma care for older adults in Saudi Arabia, focusing on the unique challenges faced by emergency medical personnel. By shedding light on the consequences of aging for healthcare services, outlining the implications for clinicians, and examining the gaps within the trauma system, this review seeks to enhance the understanding and preparedness of emergency clinicians, ultimately paving the way for future improvements in the quality of prehospital trauma care for older adults.



2 Methods

This narrative review synthesized current literature to evaluate the status of trauma care for older adults in Saudi Arabia. The methodology is described across the following subsections.


2.1 Sources of information

The review utilized PubMed and Google Scholar, selected for their extensive coverage of biomedical and health sciences research and their multidisciplinary approach.



2.2 Keywords and search strategy

The literature search was guided by keywords and phrases such as “trauma care,” “older adults,” “prehospital care” and “Saudi Arabia.” Articles were selected based on their relevance to prehospital trauma care and the challenges specific to older adults in Saudi Arabia. Boolean operators (e.g., AND, OR) were employed to combine search terms with synonyms and refine the results.



2.3 Time frame and language restrictions

Papers published between 2004 and 2024 were included in the search to ensure the selection of the most relevant and recent studies. Only English-language pieces were included to ensure consistency and clarity in the reviewed literature and align with the authors’ language proficiency.



2.4 Types of literature

The review included relevant peer-reviewed journal articles, systematic reviews, and government reports.



2.5 Screening process

Initially, papers were screened based on titles and abstracts to exclude irrelevant pieces. Subsequently, full-text reviews were conducted to assess eligibility based on relevance to the review objectives.



2.6 Integration and analysis

Relevant pieces were thematically analyzed to identify gaps in the trauma care system, focusing on geriatric-specific challenges, prehospital services, and infrastructure issues. Key themes were developed iteratively, guided by the overarching aim of improving trauma care outcomes for older adults.



2.7 Synthesis of findings

Data were synthesized into a narrative format, aligning with the review’s goals to highlight unique challenges, draw comparisons with international systems, and propose evidence-based recommendations for improving Saudi Arabia’s trauma care and infrastructure.



2.8 Peer review

The data were reviewed internally by the co-authors and both internally and externally by academics with interests and expertise in emergency care. This peer-review process ensured the accuracy, clarity, and relevance of the findings, which were refined to align with current evidence and best practices.



2.9 Data and reference management

We used Mendeley literature management software to systematically document and organize detailed records of our search results, screening processes, and references.




3 The global aging population

The global population is experiencing rapid aging due to advancements in chronic disease management, healthier lifestyles, and improvements in living conditions such as housing and nutrition. While these factors have led to longer life expectancy, they have also resulted in a rise in injuries among older adults (4, 9–11). Bala et al. (12) estimated that the global population of older adults will reach 2 billion by 2050, based on statistics from the World Health Organization. Studies on population demographics show that by 2030, 20% of the United States’ population will be over the age of 65. Similarly, 23% of the United Kingdom’s population will be over 65 by 2035, with Europe and Australia projecting that 30 and 21% of their populations will be over 65 by 2050 and 2054, respectively (4, 13–15).

Aging has been identified as a key factor contributing to the increased incidence of injuries among older adults (16, 17). This trend has led to growing demand for ambulance services and emergency department care (18), placing additional challenges on ambulance personnel when attending to injured older adults (19). In the United States, older patients represent 25% of all injury-related hospital admissions (20), reflecting a significant and increasing burden on healthcare systems. As a result, healthcare costs, both in prehospital and in-hospital settings, are expected to rise due to increased complication rates and extended hospital stays (20–22).



4 The implications of aging changes for older people, healthcare services, and clinicians

This section outlines three categories of implications resulting from injuries sustained by older patients.


4.1 The implications of aging changes for injured older patients

Assessing and managing older patients with injuries presents more complexity compared to younger patients (23). Research indicates that older victims of low-velocity vehicle accidents have significantly higher fatality rates than younger victims (24, 25). Similarly, Hashmi et al. (26) noted that older adults are more susceptible to injury despite experiencing similar injury mechanisms as younger people. For examples, older patients often deteriorate rapidly after injuries due to factors such as reduced cardiac reserve, increased comorbidities, and impaired compensatory mechanisms, ultimately leading to poor outcomes (16, 27).

One of the major areas of concern is traumatic brain injury (TBI) in older adults. Two main factors contribute to the increased risk of TBI among this population. Firstly, the dura becomes more adherent to the skull with age, and secondly, the increased use of aspirin and anticoagulant therapies for chronic conditions heightens the risk of bleeding (28). Additionally, normal age-related changes, such as cerebrovascular atherosclerosis and decreased free radical clearance, increase susceptibility to injury and the rate of oxidative damage after TBI (29). Head computed tomography (CT) in older adults may reveal findings of moderate brain atrophy even when neurological examination appears normal, further complicating assessment and management (29).



4.2 The implications for services providing care for injured older patients

The implications for healthcare services can be further divided into two key areas: (a) implications of geriatric care for healthcare services and (b) implications of injury prevention for healthcare services.


4.2.1 The implications of geriatric care for healthcare services

Older patients with injuries are often transported by ambulance services to trauma units or major trauma centers (MTCs) where they receive prolonged care, including social and healthcare services, until rehabilitation or early discharge (30). Studies suggest that comorbidity and mortality rates are significantly higher for injured older patients compared to younger ones, posing additional challenges for healthcare services (10, 30). This increased burden arises from greater resource demands, prolonged hospital stays, and the need for costlier care, all of which reduce healthcare system efficiency (21, 31, 32).

The financial burden associated with geriatric trauma care represents a growing challenge for healthcare systems worldwide. Approximately 30% of trauma expenditures in the US are attributed to geriatric trauma, amounting to an estimated 9 billion US dollars in 2009, with projections indicating continued growth (33, 34). Falls, motor vehicle collisions (MVCs), and pedestrian-related incidents are the leading causes of injury among older adults, often resulting in higher injury severity, undertriage, and case fatality rates than in younger individuals (33). Prevention strategies, if appropriately applied through structured and well-planned clinical pathways, could contribute significantly to reducing costs (33).



4.2.2 The implications of injury prevention for healthcare services

Preventive programs to minimize injuries in older adults have other implications for healthcare services. Identifying both intrinsic and extrinsic risk factors is crucial to guide effective preventive solutions (35). Intrinsic factors include age, multiple illnesses, musculoskeletal disorders, history of falls, cognitive and visual impairments, depression, fear of falling, frailty, balance disorders, and polypharmacy (36). Extrinsic factors include environmental risks such as slippery floors, poor lighting, electrical cords, unsuitable footwear, and slippery handrails (36). A multifactorial approach targeting both intrinsic and extrinsic risk factors is recommended to reduce injuries in older adults (37).

Preventive programs often involve exercise, care planning, medical interventions, modifications to the physical environment, educational initiatives, and medication reviews (38, 39). However, some authors argue that implementing such multifactorial strategies can be costlier than the healthcare costs associated with injuries (40). Developing countries may face additional challenges in effectively managing falls due to high associated costs (41). Thus, effective and cost-effective preventive strategies are needed to mitigate financial implications for healthcare services.




4.3 The implications of aging changes for clinicians

As older patients increasingly visit emergency departments (EDs), clinicians face additional challenges related to inadequate training and the complexity of these cases (42–44). A qualitative study has highlighted several barriers to caring for older patients with dementia, such as difficulties in diagnosis, insufficient understanding of dementia, and inadequate geriatric education (45). Although some geriatric-specific care guidelines have been developed, there is limited evidence supporting their effectiveness in practice (46).

Nurses and ambulance workers face similar challenges. Inadequate geriatric education for nurses has been linked to suboptimal care and reduced patient satisfaction (47, 48). For ambulance workers, aging-related challenges in caring for injured older patients can lead to long-term disabilities or even death. Despite the evidence of aging impacts, ambulance workers are still less likely to transport high-risk older patients to definitive care facilities due to a lack of specific geriatric training (19, 49–51). Moreover, insufficient training in dealing with older patients can prevent paramedics from applying holistic care (52). Addressing these gaps through improved education and training for clinicians and ambulance workers is crucial to enhance the quality of trauma care for older patients.




5 Recent estimates of injuries/deaths among older cases admitted to Saudi hospitals

Saudi Arabia is the largest country in the Middle East, covering approximately 2,150,000 square kilometers, which is twice the size of the United Kingdom, France, and Germany combined (53). The population in Saudi Arabia has grown rapidly, with an average annual growth rate of 2.38%, reaching a total population of 34,110,821 across the 13 Saudi regions (54). In Saudi Arabia, 72% of the population falls within the 15–64 age group, 24.5% are under 15, and only 3.5% are over 65 (54). Reporting and comparing injury and death rates as proportions of the population, as seen in countries like the United Kingdom and the United States, can provide valuable insights. However, the current estimates from the Saudi Ministry of Health only present raw numbers without providing percentages or rates that would offer a clearer understanding to the readers. Furthermore, these estimates focus solely on motor vehicle collisions (MVCs), despite the existence of other injury mechanisms, as MVCs remain the leading cause of mortality and disability among trauma patients in Saudi Arabia according to World Health Organization statistics (55). The lack of a national trauma database in Saudi Arabia poses a significant challenge in identifying and estimating all trauma cases and their respective mortality rates (55). Alferdaus and Shaher (2021) reported that some Saudi hospitals do not provide comprehensive data on injuries, highlighting the absence of an injury surveillance mechanism or injury registry, as well as the lack of quality assurance measures. They further noted that trauma research in Saudi Arabia is limited, primarily due to the lack of a trauma registry (56).

Most recent trauma-related studies in Saudi Arabia have emphasized the burden of MVCs on both younger and older populations. For example, Abolfotouh et al. (2018) found that 52% of 3,786 injured patients admitted to the King Abdulaziz Medical City (KAMC) trauma center were MVC cases, followed by 25% who were fallers (72). Another study showed that 81.2% of 335 trauma patients admitted to KAMC were involved in MVCs, followed by 9.6% involved in pedestrian collisions, with fallers accounting for 3.9% (57). The emphasis on MVC data by the Ministry of Health may be an attempt to address the economic impact of MVCs, which account for 4.7% of the gross financial product and exceed 5.85 billion US dollars annually, according to government statistics (55, 58).



6 The trauma system in Saudi Arabia: current status and gaps

A trauma system is defined as a planned, systematic, and coordinated network that integrates all facilities with the capacity to manage injured patients, involving collaboration with the local public health system (59). It comprises four key components: injury prevention, prehospital care, acute care units, and post-hospital care (60). Injury prevention is the first component, aimed at reducing disability and mortality rates by focusing on contributory factors that increase mortality and identifying high-risk age groups (61). The Saudi government has made significant efforts to implement and improve public safety and high-quality healthcare to mitigate injury events (62). Despite these efforts, the rate of mortality and trauma events remains high, imposing substantial burdens on the government and healthcare systems (62).

Two recent Saudi studies have indicated that motor vehicle collisions remain the leading cause of death among trauma patients (63, 64). Effective emergency care in the trauma system involves the coordination of communication, activation of healthcare teams, and implementation of interventions at the scene. These actions include managing resources and providing care until patients are transported to a definitive care facility (59). The concept of the “golden hour” highlights the importance of swift trauma management from the scene to hospital arrival (59).

The acute care and post-hospital care components focus on delivering multidisciplinary interventions to manage major trauma patients from the emergency department (ED) until rehabilitation (62). In Saudi Arabia, large cities typically have one or two tertiary hospitals that manage major trauma patients, with only two trauma centers (King Saud Medical City KSMC and King Abdulaziz Medical City KAMC in Riyadh) maintaining trauma registries and meeting the criteria for level I trauma centers (55, 65). Post-hospital care involves rehabilitation that aims to restore mental and physical function, reduce disability, and improve patient independence (59). There are currently three rehabilitation centers in Saudi Arabia under the Ministry of Health administration (55).

A recent study argued that the trauma system in Saudi Arabia is currently unorganized and lacks integration, making it inadequate for the complexity and urgency of trauma care (66). The vast geographical distances, harsh climate, and lack of communication infrastructure are among the key obstacles hindering the development of a national trauma system. The Saudi trauma system currently faces several challenges: (1) Variability in trauma care across regions and differences in trauma care expertise (67). (2) Only two centers in Riyadh qualify as level I trauma centers, leaving other regions without sufficient major trauma centers (56). (3) Lack of a formal trauma registry for collecting and analyzing data to improve trauma care (56). (4) No clear guidelines for hospital referral, which contributes to ambiguity regarding the role of tertiary hospitals in treating trauma patients (55). These issues contribute to the overall difficulty of understanding patient characteristics and outcomes following injury events due to the absence of a robust national trauma system (67).

Furthermore, (5) the trauma system in Saudi Arabia lacks efficient prehospital networking, including connecting prehospital triage information with receiving hospitals and integrating data across prehospital and in-hospital settings (67). (6) The absence of clear trauma activation protocols aligned with the American College of Surgeons (ACS) criteria and (7) the lack of research investments further exacerbate challenges in developing standardized care protocols (55). (8) Trauma bypass and field triage guidelines are missing in Saudi Arabia, which hinders optimal decision-making regarding the level of care and destination of trauma patients (55).

To address these gaps, Saudi Arabia has established a clinical advisory group for trauma care as part of its Vision 2030, involving multidisciplinary members from EMS, emergency and disaster management, emergency departments (ED), trauma surgery, nursing, pediatric emergency, trauma research, and rehabilitation (66). However, challenges such as a shortage of transport resources, lack of collaborative networks, and inadequate rural trauma care coverage remain to be addressed before the full-scale implementation of an integrated trauma care system can be realized (66).



7 The current status of prehospital care in Saudi Arabia

Prehospital care in Saudi Arabia is provided primarily by the Saudi Red Crescent Authority (SRCA), established in 1934 and funded by the government, which offers free healthcare both domestically and for humanitarian relief efforts abroad (55). The emergency medical services (EMS) system follows an Anglo-American model, with ambulances staffed by trained Emergency Medical Technicians (EMTs) and Paramedics employed by the SRCA (68). The formalization of EMS education began in the early 2000s, focusing on improving service quality and reinforcing public trust. The Emergency Medicine Institute in Riyadh, established in 2002 by the Saudi Council for Health Specialties, remains the first and only specialized institute for training EMS personnel (68). Subsequently, Saudi universities have introduced Bachelor of Science programs in EMS, reflecting the rising demand for skilled and qualified personnel (68).

Despite these developments, recent studies have indicated significant gaps in EMS personnel knowledge, including awareness of critical symptoms such as those related to stroke (69). This gap highlights the need for improved educational programs and screening tools (69). AlShammari et al. (70) argued that this lack of knowledge is indicative of underdeveloped EMS education in Saudi Arabia, pointing to a need for broader curriculum development and enhanced training.

Training remains the most crucial component of prehospital care, as it equips EMS personnel to handle emergencies effectively (59). EMTs provide basic life support, including skills like airway management, cardiopulmonary resuscitation, automated defibrillator use, hemorrhage control, and rapid patient transport (55). Paramedics, on the other hand, are trained to deliver advanced life support, which includes administering medications, handling high-risk trauma, and managing major incidents (55). Due to their higher skill levels, the SRCA prefers hiring paramedics with bachelor’s degrees, typically trained in Saudi universities.

Continuous education is mandatory for EMS personnel, who undergo courses such as Basic Life Support (BLS), Prehospital Trauma Life Support (PHTLS) or International Trauma Life Support (ITLS), and Advanced Cardiac Life Support (ACLS), as required for professional accreditation by the Saudi Commission for Health Specialties (55). However, despite the availability of these courses, EMS personnel in Saudi Arabia are still not meeting the local and national needs in terms of competency and skills (59).

The evolution of EMS education in Saudi Arabia can be categorized into three stages: (1) workplace training of first aid providers (1934–2005), (2) the professional technician diploma (2005–2012), and (3) the academic transition to a bachelor’s degree in EMS (2007–present) (70). As for trauma care education, its goal is to enhance knowledge, skills, attitudes, and professional relationships (71). However, it is still unclear whether existing trauma training programs significantly affect trauma-related mortality outcomes (62). Research is needed to evaluate how trauma training in Saudi Arabia impacts healthcare providers’ competencies, confidence, and trauma outcomes, as no data currently exists to confirm these effects (62).



8 Saudi vision 2030 and the future of trauma care

The national clinical advisory group for trauma care which operates under the Vision Realization Office of the Ministry of Health, aiming to develop a comprehensive trauma care system in Saudi Arabia (66). Several workshops have been conducted with over 300 healthcare professionals in Riyadh to assess the new trauma system, which is set to be initially implemented in the Riyadh region (66).

These workshops identified several gaps that hinder the development of a trauma care system in Saudi Arabia, including insufficient prehospital transport resources and capabilities, the absence of collaborative networks, hospital transportation limitations, inadequate staffing, a public awareness gap for rehabilitation and community discharge, limited trauma care networks in rural areas, and shortages in pediatric trauma care centers (66). As a result, an initial standard trauma care pathway was proposed, which will first be implemented and refined in Riyadh before regional application (66).

It is noteworthy that most trauma-related studies in Saudi Arabia have primarily focused on the general trauma population. A recent study highlighted that high rates of mortality and trauma incidents continue to impose significant burdens on the government due to increased healthcare costs (62). Moreover, another Saudi study reported increased in-hospital mortality and disability among trauma patients and recommended preventive injury measures to mitigate these issues (72).



9 Conclusion

The trauma care system in Saudi Arabia faces significant challenges due to the complexities involved in managing the aging population and the unique needs of older patients. Despite the growing elderly population, the healthcare infrastructure remains insufficient, with gaps in the trauma care pathways, such as the absence of robust prehospital transport resources, collaborative networks, and specialized trauma centers, which hinder effective management and timely interventions. The Saudi Vision 2030 presents a promising future for an improved and integrated trauma care system. However, before its full-scale implementation, there is an urgent need to address the specific gaps identified during workshops, such as limitations in transportation, rural trauma care capabilities, and community rehabilitation services. These measures are essential to ensure that the trauma care system can respond effectively to the increasing demand for geriatric-specific services. It is crucial that ambulance workers receive enhanced geriatric-specific education to expand their roles and make high-level decisions for older patients. Furthermore, comparing the Saudi system with international examples, such as the United Kingdom’s trauma system, shows the necessity of establishing a comprehensive trauma registry, prehospital protocols, and trauma activation procedures in line with the American College of Surgeons (ACS) criteria. Such systems have been shown to significantly improve patient outcomes and reduce mortality rates in similar contexts.

The increasing burden of trauma among older people necessitates strategic policy interventions in Saudi Arabia. Establishing a national trauma registry would be a significant step in collecting and analyzing data to improve trauma care quality. The introduction of clear referral guidelines between hospitals, prehospital networking for triage, and training modules based on the ACS guidelines would also contribute to more coordinated and effective care. Moreover, research focusing on understanding the impact of aging changes on prehospital care and identifying factors that contribute to a lack of awareness among ambulance clinicians will be crucial to closing existing knowledge gaps. In summary, trauma in older people increases the healthcare burden in Saudi Arabia, and the age factor has a substantial impact on trauma care. Research is required to identify the impacts of aging changes on prehospital care and patient outcomes in Saudi Arabia and explore factors that lead to a lack of awareness of ambulance clinicians regarding these impacts. By adopting a structured approach, incorporating international best practices, and investing in targeted education and system improvements, Saudi Arabia can significantly enhance trauma care outcomes for its growing elderly population, ultimately improving the quality of care and reducing the healthcare burden on the system.
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Aim: Transitional care in the emergency department (ED) has the potential to improve outcomes for older patients, but the specific population benefits from it and impact in Taiwan remain unclear. Therefore, we conducted this study.
Methods: An interdisciplinary team comprising emergency physicians, dedicated transitional care nurse (TCN), nurse practitioners, nurses, geriatricians, and social workers was established at a tertiary medical center. TCN conducted screenings of ED patients (≥75 years) awaiting hospitalization to identify those in need of social or care support and aid as required. The team held regular meetings to address transitional care challenges. A retrospective analysis was conducted, comparing patients who received transitional care with those who did not, between February 1, 2022, and October 31, 2022, followed by a three-month outcome assessment.
Results: We successfully implemented a novel ED transitional care model, involving 183 patients with TCN assistance and 374 patients without. Compared to patients without TCN, those with TCN were older, had more underlying comorbidities, required more nasogastric feeding and Foley indwelling, and had higher rates of hospice and palliative care. The common needs for TCN included providing home care instructions to a foreign caregiver (38.4%), long-term care referral (30.0%), care instructions for family members of older adults in long-term care facilities (26.3%), social worker referral (3.2%), and home healthcare referral (2.1%). Follow-up analysis showed no significant outcome differences between the two cohorts.
Conclusion: The model we implemented identified the population benefiting from this service. Despite the frailty of patients receiving TCN, their outcomes were not inferior, suggesting the potential benefits of TCN for this population. Further research is warranted.

Keywords
 emergency department; nurse; older population; social; transitional care


1 Introduction

The global aging issue is a major concern, with the proportion of the world’s population aged 60 years and above projected to nearly double from 12 to 22% between 2015 and 2050 (1). Taiwan is experiencing rapid population aging, with the percentage of older individuals already reaching 18.3% in 2023 (2). Projections indicate that this figure is expected to surpass 20% by 2025 (2). Older individuals typically experience a higher prevalence of chronic and complex diseases compared to younger populations (3). Ensuring continuous care for older adults can enhance care quality while reducing the burden on their family members, caregivers, and society (3).

The emergency department (ED) serves as a crossroad connecting various healthcare settings such as home, long term care facilities, outpatient care, and hospitalization (4). It also serves as the primary entry point for older patients with urgent medical needs, making the management of the ED crucial to the outcomes of this population (4). The American College of Emergency Physicians recommends the implementation of effective transitional care (TC) to facilitate outpatient care following an ED evaluation (4).

In Taiwan, TC is typically provided through discharge planning after hospitalization, with little emphasis placed on initiating such care within the ED. Numerous models for ED TC have been proposed, including the GEDI WISE (Geriatric Emergency Department Innovations in Care through Workforce, Informatics, and Structural Enhancements) program in the United States (5, 6). The GEDI WISE program was designed to meet the complex needs of older adults in emergency settings (5, 6). At its core, GEDI WISE incorporates ED-based Transitional Care Nurse (TCN) interventions, which specifically target the needs of geriatric patients by assessing and addressing their cognitive, functional, and social support requirements (5, 6). TCNs act as dedicated care coordinators, working to avoid unnecessary hospital admissions and facilitating safe, effective discharges (5, 6). Evidence from studies has shown that TCN involvement reduces 30-day readmission rates, lowers immediate hospitalization risk, and brings considerable healthcare cost savings, highlighting their critical role in enhancing care quality and efficiency for aging populations (5, 6). However, it is important to consider the cultural and insurance differences between Western nations and Taiwan, as the applicability of Western models may be limited. In Taiwan, the family-centric culture places strong responsibility for elder care on families, with significant reliance on live-in foreign caregivers, unlike Western models that often depend on professional providers. Additionally, Taiwan’s National Health Insurance offers near-universal coverage, reducing financial barriers but necessitating more education and support for navigating long-term care services. Transitional care models must address these cultural and systemic differences to be effective. Therefore, our study aimed to implement a model for ED TC specifically tailored to the Taiwanese context, adapted from the existing evidence-based United States model (i.e., GEDI WISE). We sought to investigate the targeted population and evaluate the outcomes of this new model. Our primary objective was to bridge the existing knowledge gap and make a meaningful contribution to the development of effective and culturally appropriate TC strategies within Taiwan’s ED setting. Additionally, our findings may serve as a valuable reference for other nations seeking to enhance their TC practices.



2 Materials and methods


2.1 Study hospital

This study was conducted at the Chi Mei Medical Center (CMMC), a Southern Taiwan tertiary medical center with over 60 full-time attending physicians and residents who served >121,000 ED patients in 2019 (7). In 2016, the CMMC ED established a Chi Mei Integrated Geriatric Emergency Team, and subsequently launched Taiwan’s first Geriatric ED in 2019, with the objective of leading and enhancing geriatric care for the rapidly growing older population (8). The Geriatric ED at CMMC employed various studies and approaches to generate local data and formulate solutions targeted toward the older population in Taiwan, including emergency medical services in the older population (9), geriatric syndromes and hospice care needs (10), a novel comprehensive screening tool (Emergency Geriatric Assessment) (11), computer-based and pharmacist-assisted medication review (12), hospice and palliative care (13), computer-assisted home care referral (14), and computerized tool and interdisciplinary care for older patients with delirium (15).



2.2 Establishment of interdisciplinary team and ED TC model

First, an interdisciplinary team consisting of emergency physicians, a dedicated TCN, nurse practitioners, nurses, geriatricians, and social workers was established in Feb 2022 to initiate TC in the ED. The dedicated TCN was an ED nurse with 6 years of working experience in the study hospital. Before initiating the protocol, she received 1 month of training in geriatric emergency medicine and home healthcare.

Second, following a consensus among the interdisciplinary team, a flowchart outlining the protocol for ED TC was developed (Figure 1). A TCN screened patients who were aged 75 years or older and waiting for hospitalization in the ED to assess their need for social or care support. The TCN’s working hours were from 8:00 am to 5:00 pm on weekdays, Monday through Friday. Patients who met the screening criteria were randomly visited by the TCN, and those in need of social or care support were classified as the cohort with TCN assistance. Conversely, those who did not require such support were classified as the cohort without TCN assistance. The TCN evaluated patients for social or care support needs across five different aspects. The first aspect focused on providing home care instructions to foreign caregivers, including assessing their abilities and guiding them on nursing skills. The second aspect pertained to providing care instructions to family members of older adults residing in long-term facilities, which involved assessing their abilities and providing nursing skill guidance. The third aspect of the TCN’s assistance involved assessing the patient’s daily activities and long-term care needs. If necessary, the TCN referred the patient to a long-term care institution or nursing home. Additionally, the TCN provided information and assistance with applications for long-term care services, including transportation services, assistive device rental or purchase, home nursing, respite care services, day care centers, and other related services. The fourth aspect of the TCN’s role was to consult with a social worker to assist patients with financial, emotional, and social support issues. However, it should be noted that financial assistance was only considered successful when patients met the conditions for social welfare subsidies. The fifth aspect involved evaluating and arranging for home healthcare of the patient after hospital discharge if appropriate. Telephone follow-up was conducted with all patients after their hospital discharge.

[image: Flowchart illustrating the care process for emergency department (ED) patients aged seventy-five years or older. Patients first wait for hospitalization. If not admitted, they receive routine ED care. If admitted, they are screened by a TCN (Transition Care Nurse). If there is no need for social or care support, they receive routine ED care without TCN assistance. If there is a need, TCN provides assistance.]

FIGURE 1
 Flowchart of the protocol for ED transitional care. ED, emergency department; TCN, transitional care nurse.


Thirdly, a computer-assisted case management system was developed for ED TC, which integrated patients’ medical information, electronic assessment forms, and the aspects of social and care needs that were addressed by the TCN.

Fourth, all ED staff members were trained on the ED TC protocol, and the implementation of this protocol was officially announced on March 1, 2022.



2.3 Data collection: retrospective cohort study

Retrospective data of patients who were screened by TCN from March to October 2022 were collected. Patients who received with the five aspects of social or care need support by TCN were classified as the cohort with TCN assistance, while those who did not were classified as the cohort without TCN assistance (Figure 2). Data was collected by an experienced ED TCN, who was blinded to patient outcomes.

[image: Flowchart comparing two groups: "Without TCN assistance" (n=374) and "With TCN assistance" (n=183). Data collected include demographic data, clinical characteristics, length of stay (LOS) in emergency department (ED) and hospitalization, total medical expenditure, social or care needs, and outcomes after three months. Analyses performed include univariate analysis, social or care support needs analysis, and logistic regression to compare outcomes between cohorts.]

FIGURE 2
 Flowchart of the study design. TCN, transitional care nurse; LOS, length of stay; ED, emergency department.




2.4 Characteristics and outcome comparisons between two cohorts

To investigate the characteristics of the population requiring social or care support (referred to as the cohort with TCN), we conducted a comparison between two cohorts. The comparison focused on clinical characteristics, length of stay (LOS) in the index ED and hospitalization, and total medical expenditure during the index hospitalization. The ED triage was conducted using the Taiwan Triage and Acuity Scale (TTAS), a modification of the Canadian Emergency Department Triage and Acuity Scale (16), with the following categories: (1) Category 1: critical conditions requiring immediate life-saving interventions, (2) Category 2: emergent conditions requiring prompt medical attention to prevent serious outcomes, (3) Category 3: urgent conditions that are not life-threatening but require timely evaluation and treatment, (4) Category 4: less urgent conditions where delays in care would unlikely cause harm, and (5) Category 5: non-urgent conditions suitable for outpatient management. Additionally, an analysis was performed on five aspects of social or care needs in patients with TCN. Both cohorts were followed up for 3 months to compare outcomes, which included total medical expenditure within 3 months after hospital discharge, ED visit within 3 days after hospital discharge, re-hospitalization within 14 days after hospital discharge, and death within 1 month after hospital discharge.



2.5 Ethical statements

Following approval from the institutional review board of the study hospital, this retrospective study was conducted using anonymized patient data in accordance with the principles outlined in the Declaration of Helsinki. Informed consent was waived due to the study’s retrospective design, which posed no risk to patient welfare.



2.6 Statistics

In the univariate analysis, categorical variable analysis was conducted using the Chi-Squared Test or Fisher’s exact test, while continuous variable analysis utilized the Mann–Whitney U Test. Fist logistic regression analysis was performed to compare the outcomes between the two cohorts. Statistical analyses were carried out using Statistical Analysis System 9.4 (SAS Institute Inc., Cary, NC, United States). A significance level of 0.05 (two-tailed) was employed.




3 Results

We successfully implemented an ED TC model, screening a total of 557 older ED patients. Of these, 183 patients received TCN assistance, while 374 patients did not (Table 1). Compared to patients without TCN, those with TCN assistance were older (84.0 years vs. 81.0 years, p < 0.001), had a higher percentage of individuals aged ≥85 (47.0% vs. 28.3%, p < 0.001), a lower body mass index (22.5 vs. 23.5, p = 0.034), and a lower Glasgow Coma Scale (13.4 vs. 14.4, p < 0.001). Most patients in both cohorts were triaged as either category 2 or 3, but the TCN cohort had a higher proportion of patients triaged as category 1 (7.7% vs. 6.2%) and category 2 (48.6% vs. 31.3%), along with a lower proportion of patients triaged as category 3 (43.7% vs. 62.6%) compared to the cohort without TCN (p < 0.001). No patients in either cohort were triaged as category 4 or 5. Most patients presented to the ED for non-traumatic reasons, and there was no difference between the two cohorts in this regard. The TCN cohort had a higher proportion of underlying comorbidities and iatrogenesis compared to the cohort without TCN assistance. These included congestive heart failure (26.8% vs. 17.7%, p = 0.012), cerebrovascular disease (51.4% vs. 34.8%, p < 0.001), dementia (41.5% vs. 14.7%, p < 0.001), diabetes (33.9% vs. 23.3%, p = 0.008), nasogastric feeding (26.8% vs. 5.9%, p < 0.001), Foley indwelling (37.2% vs. 18.7%, p < 0.001), bedridden status (87.4% vs. 59.1%, p < 0.001), and receiving hospice and palliative care (37.7% vs. 17.7%, p < 0.001). In terms of ED diagnosis or symptoms/signs, the TCN cohort had a higher proportion of urinary tract infections (18.6% vs. 10.4%, p = 0.007) and pneumonia (16.9% vs. 9.4%, p = 0.009) compared to the cohort without TCN. Additionally, the TCN cohort had a longer LOS in the index ED visit (median: 24.8 h vs. 31.0 h, p < 0.001), longer LOS in the index hospitalization (median: 10 days vs. 7 days, p < 0.001), and higher total medical expenditure during index hospitalization (median: 76,532.0 New Taiwan Dollars [NTD] vs. 58,678.5 NTD, p = 0.001) compared to the cohort without TCN.



TABLE 1 Comparison of demographic data and clinical characteristics between older ED patients without and with TCN assistance.
[image: A table comparing patient variables between groups with and without transitional care nurse (TCN) assistance. It includes categories like sex, age, vital signs, laboratory data, trauma status, comorbidities, iatrogenesis, hospice care prevalence, emergency department (ED) diagnosis, length of stay in the ED and hospital, and total medical expenditure. Data is presented in counts, percentages, means, and ranges. Statistical significance is indicated by p-values, with notable differences in age, body mass index, certain vital signs, comorbidities, iatrogenic incidents, hospice care, and costs.]

Among patients with TCN assistance (Table 2), the most common social or care need aspect was “providing home care instructions to a foreign caregiver (38.4%),” followed by “long-term care referral (30.0%),” “providing care instructions to a family member of an older adult living in a long-term care facility (26.3%),” “social worker referral (3.2%),” and “home healthcare referral (2.1%)”.



TABLE 2 Aspects for need of social or care support in the older ED patients who received TCN assistance.
[image: Table showing aspects of patient care with frequencies and percentages. Aspects include providing home care instructions to foreign caregivers (73, 38.4%), family care instructions (50, 26.3%), long-term care referral (57, 30.0%), social worker referral (6, 3.2%), and home healthcare referral (4, 2.1%). Total frequency is 190. Footnotes explain terms and note multiple aspect possibilities per patient.]

In the univariate analysis, the cohort with TCN assistance had a higher total medical expenditure <3 months after hospital discharge (median: 126,427.0 NTD vs. 89,093.5 NTD, p = 0.004) compared to the cohort without TCN (Table 3). However, when utilizing Fist logistic regression analysis with adjustment for confounding factors (Table 4), there was no significant difference found in total medical expenditure <3 months after hospital discharge, ED visit ≤3 days after hospital discharge, re-hospitalization ≤14 days after hospital discharge, and death <1 month after hospital discharge between the two cohorts.



TABLE 3 Outcomes in older emergency department patients after hospital discharge: a univariate analysis comparing patients with and without TCN assistance.
[image: Table comparing outcomes between groups with and without TCN assistance after hospital discharge. Metrics include total medical expenditure, ED visits, re-hospitalizations, and deaths. P-values indicate statistical significance, with total medical expenditure showing significance (p = 0.004). Other outcomes are not statistically significant. Data are presented as median or percentage.]



TABLE 4 Comparison of outcomes in older emergency department patients after hospital discharge: first logistic regression analysis comparing patients with and without TCN assistance.
[image: Table showing outcomes with and without transitional care nurse (TCN) assistance. It includes crude and adjusted odds ratios (OR) with confidence intervals (CI) and p-values for four outcomes: medical expenditure, ED visits, re-hospitalization, and death after discharge. Medical expenditure above 98,362 NT Dollars has a significant crude OR of 1.78. Other outcomes have non-significant results. Adjustments consider multiple variables, and notes explain abbreviations and usage.]



4 Discussion

We successfully implemented an ED TC model for older patients through collaboration among an interdisciplinary team and a dedicated TCN. Our findings revealed that patients who received TCN assistance exhibited greater frailty, as indicated by older age, higher acuity, a higher proportion of underlying comorbidities and receiving hospice and palliative care, longer LOS in the index ED visit and hospitalization, and higher total medical expenditure during the index hospitalization (Table 1). The most common aspect requiring social, or care support was “providing home care instructions to a foreign caregiver,” followed by “long-term care referral” and “providing care instructions to a family member of an older adult living in a long-term care facility (Table 2)”. However, despite these factors, the cohort with TCN did not demonstrate inferior outcomes compared to the cohort without TCN (Table 4).

The success of this model relies on a dedicated TCN and effective collaboration among interdisciplinary team members. Having a dedicated healthcare professional for TC in the ED is considered a beneficial geriatric care model (17). A systematic review has demonstrated that dedicated healthcare professionals have two primary functions: conducting individual needs assessments of ED patients and coordinating discharge planning and services (17). Implementing a structured individual needs assessment has been associated with a significant decrease in hospital admissions, hospital readmissions, and ED revisits (17). Additionally, developing individualized discharge plans from the ED has shown a significant decrease in ED revisits and hospital readmissions (17). Our model essentially embodies a structured individual needs assessment. Given the complex nature of issues faced by older patients, geriatric integrated care necessitates interdisciplinary or multidisciplinary teamwork (17). The specific components of the structured individual needs assessment and the composition of the interdisciplinary team depend on the objectives of the hospital, the needs of the patient/caregiver, and the available local resources (4, 17).

This study examined the characteristics of patients who received TCN assistance, aiming to identify the target population in need of social and care support in the future (Tables 1, 2). The screening and inclusion criteria for TCN assistance depend on the hospital’s objectives, available local resources, and the population likely to experience better outcomes (4, 5, 18). The first implementation of the TCN model was carried out through the program called “GEDI WISE” in the United States (5). In the GEDI WISE program, TCN was used to screen ED patients aged 65 and above and assess their cognitive function, delirium, functional status, falls risk, care transitions, and caregiver strain (5). The choice of assessments used in the GEDI WISE program was based on preexisting hospital programs or staff preferences in the anticipated three hospitals (5). In a randomized controlled trial, ED patients aged 65 and above who revisited the ED within 30 days were included to evaluate the effects of an ED-to-home TC program on outcomes (18). This study classified the patients into six classes and observed differences in outcomes among these classes (18).

Our model assessed five aspects of the services provided by the TCN and revealed that the most common social or care support was the “providing home care instructions to foreign caregivers” (Table 2). In 2022, approximately 30% of foreign workers in Taiwan were employed as caregivers, with over 90% providing round-the-clock live-in care services (19), highlighting the high demand for foreign caregivers in Taiwan. However, foreign caregivers often face language barriers and lack medical care education, necessitating the providing home care instructions by the TCN, as demonstrated in this study. The second most prevalent social or care need identified in this study was long-term care referral. Since 2017, the Taiwanese government has expanded the scope of long-term care services and allocated increased funds to promote Long-term Care 2.0 (20). Nevertheless, most people lack knowledge about long-term care services and the application process, prompting the TCN program to assist patients and their families in understanding and applying for such services. In 2021, approximately 52,000 individuals aged 65 or above resided in long-term care facilities in Taiwan, representing around 1.3% of the older population (21). This option provides an alternative to informal care by family members or foreign caregivers. However, even when older adults live in long-term care facilities, their family members may still require coordination with the facility staff, thus highlighting their need for social or care support. The proportions of social worker referrals and home healthcare referrals were notably low. The low proportion of social worker referrals primarily resulted from most patients failing to meet the government’s social welfare subsidy requirements, leading to unsuccessful referrals. The low rate of home healthcare referrals may be attributed to the shortage of home healthcare professionals in the study hospital. Since 2020, the hospital has initiated ED referrals for home healthcare, which have shown lower median total medical expenditure within 3 months compared to home healthcare initiated after hospitalization (14). In the future, our aim is to expand the service by recruiting more healthcare professionals to meet the needs of this population.

The univariate analysis revealed higher medical expenditures within 3 months of hospital discharge among patients with TCN assistance compared to those without, likely due to their inferior underlying condition (Table 3). However, after adjusting for confounding factors, the difference was not statistically significant (Table 4). These findings demonstrate a promising result for TCN assistance in our model.

One major strength of our study is the successful implementation of a novel TCN model in Taiwan, which can serve as an important reference for the future promotion of TCN in the ED. However, the study has several limitations. Firstly, the retrospective design and small sample size limit the generalizability of the findings. To address this limitation, a prospective randomized study with a larger sample size should be conducted in the future to provide further clarification on the topic. Another limitation is that the applicability of this model may be limited to the specific context of our hospital and may not fully generalize to other hospitals or nations. This is due to variations in hospital objectives and available local resources. Therefore, modifications would be necessary if implementing this model in other healthcare settings.



5 Conclusion

Our study successfully implemented a TC model for older patients in the ED. We observed that the population requiring TCN assistance tended to be older and had a more compromised condition compared to those who did not require TCN assistance. The most common needs for TCN assistance were providing home care instructions to foreign caregivers, facilitating long-term care referrals, and offering care instructions to family members of older adults residing in long-term care facilities. Upon adjusting for confounding factors, we found that patients receiving TCN assistance did not exhibit inferior outcomes compared to those without TCN, indicating the potential benefits of TCN assistance. This study has effectively identified the target population in need of TCN assistance, and our novel TC model can serve as a valuable reference for future implementation of TC in ED settings. However, it is important to note that further research using a prospective randomized design and larger sample sizes is necessary to explore the full impact of the TCN program. This future research should aim to assess the potential of TCN in reducing healthcare costs and improving outcomes for older ED patients.
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Over the past decade, the elderly Filipino population has significantly increased, rising from 4.6 million seniors, which was approximately 6% of the total population in 2000, to 6.5 million, or around 6.9% of the population in 2010. Projections suggest that by 2030, the percentage of the population aged 60 and above will increase to between 10 and 19%, indicating a significant demographic shift toward an aging population. This shift from a predominantly young population to a rapidly growing elderly demographic underscores the urgent need for effective health promotion and management programs targeting older adults. Sarcopenia, a muscle-wasting disorder, represents a significant global health challenge, particularly affecting the elderly. In the Philippines, the impact of sarcopenia is expected to become more pronounced, potentially straining both individuals and the national healthcare system over the next 15 years, despite the country’s relatively younger overall population. Despite the expanding research on sarcopenia in the Philippines, there remains an urgent need to raise awareness and implement proactive measures to address this escalating health issue.
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1 Current state of research in the Philippines

The demographic shift toward aging populations in developing countries has intensified the prevalence of sarcopenia, creating unique challenges for healthcare systems already limited in resources (1). In regions like Southeast Asia, Latin America, and sub-Saharan Africa, life expectancy has risen steadily, leading to larger elderly populations than ever before. However, unlike in high-income countries, healthcare infrastructure in many lower- and middle-income nations often lacks adequate diagnostic facilities and trained personnel to address age-related conditions effectively (2, 3). This gap in healthcare capacity leaves older adults at greater risk for untreated muscle degeneration, which can lead to increased disability, decreased quality of life, and a greater financial burden on families and communities (4). The rising burden of sarcopenia in these regions underscores an urgent need for scalable, cost-effective interventions that consider local constraints.

Research employing the Asian Working Group for Sarcopenia (AWGS) criteria has revealed a prevalence of 27.7%, while the revised European consensus (EWGSOP2) reported prevalence rates of 18.18%. A study from a tertiary hospital revealed a higher prevalence of 73.33% (5). Collectively, these findings suggest that sarcopenia is prevalent among Filipino adults aged 60 and older, influenced by various sociodemographic and physiological factors. Current research identifies age, waist circumference, smoking, and alcohol consumption as significant predictors of sarcopenia (6). Sarcopenia is closely associated with reduced physical function and diminished quality of life, underscoring the necessity for national guidelines to address this pressing issue. At the March 2023 Asia-Pacific conference on muscle health and sarcopenia, a multinational panel, including Filipino experts, proposed five core pillars: awareness, education, initiatives, engagement, and research. These pillars are designed to address the gaps and challenges in implementing muscle health assessments and management within clinical practice (7). Additionally, the country launched its first longitudinal study on health and aging (LSHAP) in 2018, using a nationally representative sample and recommending further research on sarcopenia and healthy life expectancy to enhance understanding of the health characteristics of Filipino older adults. A review of studies on sarcopenia in Filipinos aged 60 and above conducted between 2013 and 2023 revealed that most research has been hospital-based and involved patients with comorbidities. Sarcopenia remains inadequately integrated into routine clinical practice. The Geriatric Health-Research Institute (NCGH-RI) has incorporated sarcopenia screening into the Comprehensive Geriatric Assessment (CGA), emphasizing the need for further research and implementation to address this escalating public health concern. Table 1 summarized sarcopenia-related research conducted in the Philippines.



TABLE 1 Summary of sarcopenia-related research conducted in the Philippines.
[image: Table comparing studies on sarcopenia. It covers references, diagnostic criteria, study types, populations, and outcomes. Studies focus on Filipino populations, assessing health and functional metrics. Outcomes include public health implications, reference establishment, obesity associations, and prevalence mapping.]



2 Mechanism

Sarcopenia is a complex muscle disorder characterized by the progressive loss of muscle mass, strength, and function, predominantly affecting older adults (8). This condition is influenced by a combination of genetic, biological, environmental, and lifestyle factors. The pathogenesis of sarcopenia is multifactorial, involving a combination of genetic predisposition, biological processes, environmental influences, and lifestyle factors. Research has shown that various signaling pathways, such as those involving protein metabolism, muscle regeneration, and inflammation, are crucial in the development of sarcopenia (9, 10). Aging results in the atrophy of fast-twitch type II muscle fibers, which are essential for generating force and power. This leads to a reduction in muscle size and strength, particularly in response to diminished satellite cell activity and impaired muscle regeneration (8). Concurrently, muscle protein synthesis declines with age, exacerbating the negative protein balance. This decline is partly due to reduced activity of the mTOR signaling pathway, which plays a key role in muscle protein synthesis and growth (9, 10). Additionally, aging promotes an increase in muscle protein breakdown, which is further exacerbated by chronic inflammation, oxidative stress, and physical inactivity. This process is mediated by upregulated proteolytic pathways, such as the ubiquitin-proteasome system and autophagy (11, 12). Hormonal changes, including declines in testosterone, growth hormone, and insulin-like growth factor 1 (IGF-1), further exacerbate the loss of muscle mass and strength. These hormonal alterations impair muscle regeneration and increase protein catabolism (13). Chronic low-grade inflammation, a hallmark of aging, is associated with sarcopenia. Pro-inflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α), play a crucial role in muscle wasting by increasing muscle protein breakdown and inhibiting muscle protein synthesis. Inflammation also disrupts the balance of muscle repair and regeneration (14, 15). Physical inactivity is one of the most significant accelerators of sarcopenia, driving the rapid decline in muscle mass, strength, and functionality. It results in decreased muscle protein synthesis, impaired mitochondrial function, and muscle fiber atrophy, all of which contribute to the progression of sarcopenia (16, 17).



3 Diagnosis

The European Working Group on Sarcopenia in Older People (EWGSOP) and the Asian Working Group for Sarcopenia (AWGS) have established diagnostic algorithms for sarcopenia that include assessments of muscle mass, strength, and physical performance (18, 19). These algorithms are widely applied in clinical and research settings, including in countries like the Philippines, where sarcopenia research is becoming more prevalent. In EWGSOP1, the criteria for diagnosing sarcopenia include low muscle mass in conjunction with either low muscle strength or low physical performance (20), with muscle mass being the primary component of sarcopenia. These criteria have been widely studied in European and Asian populations, but there is a need to determine whether these criteria are appropriate for Filipino populations, considering potential ethnic and environmental differences. EWGSOP2, however, prioritizes muscle strength, defining sarcopenia as low muscle strength combined with low muscle quantity or low muscle quality (19), where muscle strength becomes the predominant component. This approach may need modification when applied to the Filipino population, as studies suggest variations in muscle strength and mass across ethnic groups. AWGS2019 also emphasizes the importance of muscle strength. Consequently, these differing criteria may result in variations in the reported prevalence of sarcopenia. A systematic review indicates that the prevalence of sarcopenia in older adults is lower when diagnosed using EWGSOP2 compared to EWGSOP1 (21). A similar trend has been observed in some studies conducted in Southeast Asia, but further research is needed to apply these findings to the Filipino population. A comparative study of sarcopenia prevalence in a large multinational European population sample using various diagnostic criteria (22) revealed similar findings, suggesting that prevalence estimates based on EWGSOP1 tend to be higher than those based on EWGSOP2. However, AWGS2 criteria show a similarly lower prevalence to EWGSOP2, likely due to their shared reliance on muscle mass and muscle strength. Baumgartner et al. (23) emphasized the significance of employing “population-specific diagnostic criteria” for sarcopenia. This is particularly relevant for the Filipino population, where unique genetic, dietary, and environmental factors may influence sarcopenia characteristics. They delineated a methodology for estimating the prevalence of “deficient” relative muscle mass, or sarcopenia, in population-based studies. Consequently, numerous sarcopenia criteria have incorporated the concept of “relative muscle mass.” Therefore, identifying suitable measurement tools and establishing cut-off values in the Philippines that align with international standards will enable researchers and policymakers to adapt actions and recommendations as proposed by organizations such as the EWGSOP.

Dual-energy X-ray absorptiometry (DXA) is a widely accepted and reliable method for assessing muscle mass in older adults and is endorsed by international organizations for diagnosing sarcopenia. However, the applicability of DXA in the Filipino population, due to differences in body composition, requires further validation. Bioelectrical impedance analysis (BIA) provides a portable, non-invasive, and cost-effective alternative to DXA. Recent studies have confirmed BIA as a dependable tool for diagnosing sarcopenia in older adults (23). Handgrip strength serves as a straightforward and cost-effective screening tool for muscle strength. Decreased handgrip strength is a significant predictor of adverse outcomes in older adults, including disability, falls, and mortality (24). Physical performance, especially gait speed, is another crucial diagnostic criterion for sarcopenia (25). Research indicates that gait speed is a dependable measure of muscle function in older adults and is correlated with adverse health outcomes, including disability, falls, and mortality.

Despite the availability of diagnostic tools, no established normative reference exists for diagnosing sarcopenia in the Philippines. A scoping review has highlighted the use of various assessment methods in sarcopenia studies among elderly Filipinos, including the EWGSOP and AWGS criteria, magnetic resonance imaging (MRI), and psoas muscle thickness divided by height (PMTH) (5). These studies have identified potential cut-off values for muscle mass, strength, and performance tailored to the Filipino population. Given the variability in population characteristics across countries, there is an urgent need for studies to establish appropriate cut-off points specific to the Filipino population. This would facilitate the development of local health promotion and sarcopenia management programs. Tee and Tee (26) aimed to establish normative data for muscle mass and physical performance among young Filipinos to enhance the applicability of EWGSOP criteria. Their study provides reference values for normal muscle mass, strength, and physical performance, thereby contributing to more accurate diagnosis and preventive strategies for sarcopenia. The cut-off points specific to Filipinos derived from this study have been cited in subsequent sarcopenia research in the Philippines, including studies on the association between obesity and sarcopenia and sarcopenia with osteoporosis in patients with chronic obstructive pulmonary disease (25, 26, 52). The diagnostic standards are as follows: (I) Low muscle mass is defined as a lean tissue index of <12.50 kg/m2 for males and < 8.33 kg/m2 for females using the Fresenius Body Composition Monitor. (II) Low muscle strength is defined as grip strength of <24.54 kg for males and < 16.10 kg for females, measured with a JAMAR dynamometer. (III) Low physical performance is assessed using Usual Gait Speed and Timed Get Up and Go. Usual Gait Speed is measured with the 4-m walk test, with values <0.55 m/s for males and < 0.65 m/s for females considered low. For the Timed Get Up and Go, times >8.31 s for males and > 8.74 s for females are considered indicative of low physical performance. Further research is needed to validate these reference values, specifically in diverse Filipino subpopulations, and to optimize diagnostic criteria.



4 Treatment

As highlighted in the review by Gay-as et al. (5), most of the existing research on sarcopenia among older Filipinos focuses on determining the prevalence and associated factors of sarcopenia in hospitalized individuals (secondary prevention). Some studies address the development of consensus on the prevention and management of sarcopenia and its associated factors, while few explore educational initiatives on sarcopenia for healthcare professionals. There is a significant gap in research on the treatment of sarcopenia within the Filipino population. Therefore, this review summarizes current global treatment approaches for sarcopenia to offer guidance for managing sarcopenia in the Philippines, with the goal of enabling older individuals to lead healthy and productive lives in accordance with the Philippine government’s vision for its elderly citizens.


4.1 Exercise

Physical activity can be an effective intervention for sarcopenia, although there is considerable variability in the types of physical activity (resistance, aerobic, balance, and combinations thereof) that target sarcopenia. Recent studies have shown that resistance exercise is a proven intervention for sarcopenia, improving muscle mass, strength and physical function in older adults (27). Among other things, high-intensity resistance training is more effective than low-intensity resistance training in improving muscle mass and strength in older adults with sarcopenia (27), as well as reducing body fat content and improving grip strength. Aerobic exercise also plays a significant role in the rehabilitation of sarcopenia. Some studies have demonstrated that aerobic exercise, such as walking or bicycling, improves cardiovascular fitness, endurance, and physical function in older adults with sarcopenia (27), as well as reducing body weight and fat mass. The results of a meta-analysis showed that a combination of aerobic exercise and resistance training reduced body fat percentage and increased walking speed in patients with sarcopenia (28). The combination of two or more types of exercise modalities may improve fitness in multiple ways (knee extension strength, gait speed, grip strength, standing chair time, physical performance, etc.) in patients with sarcopenia (29, 53). Current multicomponent exercise programs that combine resistance training, aerobic exercise, balance training, and flexibility training have been shown to be more effective than single-component exercise programs in improving physical functioning and reducing the risk of falls in older adults with sarcopenia (30). There is high-quality evidence that resistance training, aerobic exercise combined with balance training is effective in improving quality of life in patients with sarcopenia (31).


4.1.1 Resistance movement

Resistance training serves as a primary intervention for sarcopenia, recommending a frequency of 2–3 sessions per week, with each session lasting 30–60 min, for a minimum of 12 weeks. This training is structured in three progressive stages: beginner (40–60% of 1 Repetition Maximum, RM), intermediate, and advanced. Initially, participants should engage in beginner training for 1–2 weeks before progressing to intermediate and advanced stages. Resistance should be incrementally increased by 5–10% of 1 RM per session. The intermediate and advanced stages advocate for medium to high-intensity resistance training (60–80% of 1 RM). In the beginner stage, each exercise should be performed 8–10 times per set, with 1–2 sets per session, and a 1 to 2-min rest between sets. The intensity and volume of training should be escalated gradually. Common resistance exercises include the use of dumbbells, sandbags, elastic bands, grip devices, and bodyweight movements such as sit-ups, push-ups, squats, and jumps (32, 33).



4.1.2 Aerobic exercise

Aerobic exercise is characterized by energy generation through aerobic oxidation, where the respiratory system supplies sufficient oxygen to muscles for sustained activity. Heart rate should be monitored to maintain moderate-intensity exercise (50–80% of maximum heart rate), calculated as 220 minus ages. Aerobic exercise enhances cardiopulmonary function, endurance, immunity, and adaptability, complementing resistance training in a positive feedback loop. When performed alone, aerobic exercise should last 30–45 min, at least 3 times per week (17).



4.1.3 Balance training

Balance training aims to improve physical stability and reduce fall risk in individuals with sarcopenia. It includes: (1) Static balance training, where the body maintains a posture, such as the three-step potential balance (tandem, semi-tandem, and feet together standing), and single-leg stands (eyes open or closed, hands on waist or chair back). Each movement should gradually increase from 10 s to 1 to 2 min; (2) Dynamic balance training, focusing on the body’s balance during movement, through sit-to-stand transitions, walking exercises (forward, backward, sideways) (34).



4.1.4 Family training and educational training

This involves home-based rehabilitation to help patients adapt to the family environment, participate in family life, and interact with family members. Under professional guidance, family members act as trainers, conducting rehabilitation that includes disease education, use of rehabilitation equipment, medical exercises, and household activities. Training plans should be tailored to the patient’s abilities, specifying training time, venue, equipment, and content, utilizing everyday items. Situational training, such as daily routines and community activities, should have clear stage goals.



4.1.5 Exercise rehabilitation prescription

Exercise prescription should be personalized based on the FITT principle, considering the patient’s condition. FITT principle includes: (1) Frequency (F): Patients should increase daily physical activity, with at least three exercise sessions per week. (2) Intensity (I): Recommend moderate resistance exercise (<70% of 1 RM) and aerobic exercise (<70% of VO2peak), starting with low intensity and gradually increasing. (3) Time (T): The target duration is 30–60 min per session. (4) Type (T): Include aerobic, resistance, and flexibility exercises. During rehabilitation, the patient’s tolerance should be fully assessed to ensure exercise safety (28).




4.2 Nutritional interventions

Nutritional interventions play a crucial role in the rehabilitation of sarcopenia, with common supplements including protein, essential vitamins, leucine and its metabolites, and creatine. Protein and vitamin D supplementation, according to currently available studies, have been shown to be effective in improving muscle health in older patients with sarcopenia (35). However, a meta-analysis showed (36) that protein supplementation increased muscle mass but did not enhance muscle strength and physical performance. However, it may have a synergistic effect on muscle mass and strength in older patients with sarcopenia when combined with resistance training (37). Essential amino acids, which cannot be synthesized in the body, and some studies have shown that intake of complete essential amino acids improves the efficiency of energy conversion in the body more than supplementation of complete proteins, with leucine supplementation being effective in increasing muscle mass in patients with sarcopenia and having a weaker effect in muscle strength or physical performance. In muscle exercise, creatine is involved in the process of muscle contraction, and most studies have combined creatine supplementation with resistance exercise for interventions in patients with sarcopenia, which can increase muscle mass and strength, and also creatine has been considered as a preventive modality for elderly patients with sarcopenia (38).

The Chinese Consensus recommends that sarcopenic patients maintain a daily protein intake of 1.2–1.5 g/kg/day, with at least 50% being high-quality protein. For those with severe malnutrition, a minimum daily protein supplementation of 1.5 g/kg/day is advised (39). For instance, an elderly individual weighing 60 kg should consume 90 g of protein daily. Whey protein, abundant in essential amino acids like leucine and easily digestible, can effectively prevent muscle decay and enhance muscle strength when incorporated into the diet at 30–40 grams/day, alongside regular exercise. Protein intake should be evenly distributed across three meals to optimize muscle protein synthesis rates (36). Essential amino acids, particularly leucine, and L-carnitine are recommended for sarcopenic patients as they stimulate protein synthesis and ameliorate frailty, respectively (39, 40). β-Hydroxy-β-methylbutyric acid (HMB), a key metabolite in protein regulation, has been shown to have preventive and therapeutic effects on sarcopenia when used in conjunction with resistance training. It is suggested that elderly sarcopenic patients supplement with 3 g of HMB daily, particularly those with prolonged sedentary or bedridden periods (39). A study cited in the Asian Consensus demonstrated that oral nutritional supplements (ONS) containing 1.5–3 grams/day of the leucine derivative HMB, administered in two doses over 180 days, significantly improved nutritional outcomes and reduced the risk of malnutrition in the intervention group compared to the placebo group (40, 41).



4.3 Other rehabilitation

In the general population, hormonal imbalances may contribute to the development of sarcopenia, with hormones such as testosterone, growth hormone, insulin, thyroid hormones, and vitamin D potentially affecting its development. Hormone therapies that may improve the physical performance of sarcopenic patients, such as testosterone replacement therapy and selective androgen receptor modulators (SARMs), have been investigated for the treatment of sarcopenia, with promising results in terms of improved muscle mass and strength (42). Vitamin D is known to be associated with muscle strength, muscle size, and physical performance in patients with sarcopenia, but the outcomes of vitamin D replacement therapy remain controversial. Furthermore, it has also been suggested that the development of sarcopenia in patients with chronic kidney disease may be associated with an extended half-life of growth hormone (GH). In addition, it has been suggested that the development of sarcopenia may have a correlation with symptoms of insulin resistance, which may be related to reduced muscle glucose uptake, further impairs intracellular glucose metabolism and thus leads to muscle proteolysis, and may be a new avenue for targeted therapy (43). Gastric starvation hormone, estrogen, cortisol and dehydroepiandrosterone may be other factors in sarcopenia (44).

Targeted pharmacological interventions based on different hormonal pathways of action may alleviate further progression of sarcopenia, such as muscle growth inhibitor inhibitors and activin receptor type IIB (ActRIIB) ligand traps, which are being developed and tested for the treatment of sarcopenia, with potential benefits in terms of increasing muscle mass and strength (45).

Neuromuscular electrical stimulation (NMES) and whole-body vibration (WBV) are novel therapies, and recent research suggests that NMES and WBV may be useful adjuncts to traditional exercise interventions for sarcopenia (46, 47). Smith et al. (48) concluded that the improvements in balance and leg strength with WBV suggest that this physical intervention is beneficial in reducing the risk and incidence of falls. Machado et al. (49) suggest that adaptations to WBV may help offset the loss of muscle strength and mobility associated with age-induced sarcopenia by contributing to an increase in plantar flexor strength and power in older adults. In Paillard’s (50) study, NMES proved effective in improving postural balance function and reducing the risk of falls in older adults with muscle weakness, but there may be adverse effects of frequent interventions.




5 Conclusion

The rising prevalence of sarcopenia in the Philippines, driven by the aging population, highlights the urgent need for effective diagnostic, preventive, and treatment strategies. Despite the growing body of research, there remains a significant gap in the application of sarcopenia research to clinical practice and public health initiatives. Establishing localized diagnostic criteria and expanding treatment options are vital steps in tackling this emerging health challenge. Enhanced awareness, research, and implementation of evidence-based practices are essential to improving outcomes for older adults with sarcopenia in the Philippines.
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Objective: This study investigates the association between diabetes and chronic pain across various body regions in individuals aged 50 years and older, while assessing the influence of gender, hypertension status, age, and glycemic control on this relationship.
Methods: Data from the 2015 China Health and Retirement Longitudinal Study (CHARLS) database included 10,315 participants, with 1,983 diabetic and 8,332 non-diabetic individuals. Logistic regression models assessed the relationship between diabetes and chronic pain, adjusting for confounders. Subgroup analyses were conducted based on gender, age, and hypertension status, and the risk of pain in diabetic patients with well-controlled glycemia was compared to that in non-diabetic individuals.
Results: Diabetes significantly increased the risk of pain in multiple body regions (p < 0.05). Diabetes was associated with a higher risk of headaches in males [OR = 1.33 (1.05–1. 69), p = 0.02] and individuals aged 65 or older [OR = 1.28 (1.04–1.58), p = 0.02]. Among non-hypertensive individuals, diabetes was not associated with an increased risk of pain. In females, hypertensives, and individuals under 65, diabetes significantly increased pain across multiple regions (p < 0.05). Diabetic individuals with well-controlled glycemia still showed a higher risk of finger [OR = 1.34 (1.03–1.76), p = 0.03] and toe pain [OR = 1.44 (1.05–1.99), p = 0.03] compared to non-diabetics.
Conclusion: Diabetes is linked to increased pain in multiple body regions, especially in females, hypertensives, and those under 65. Even with good glycemic control, diabetic individuals remain at higher risk for finger and toe pain.
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1 Introduction

Diabetes has become a major global public health challenge (1). In 2021, 529 million people worldwide were diagnosed, placing a heavy burden on patients and healthcare systems (2). Approximately half of diabetes patients have neuropathy, of whom 30 to 40% experience neuropathic pain (3), and diabetic patients are also more likely to suffer from other forms of chronic pain (4), severely impairing their quality of life and increasing healthcare costs (5).

However, studies investigating the association between diabetes and pain incidence, particularly among older adults, remain limited. A retrospective cohort study in Taiwan found that patients aged 18–50 with type 2 diabetes had a higher 10-year cumulative incidence of musculoskeletal pain and more frequent medical visits compared to non-diabetic individuals (6). Similarly, a study in Saudi Arabia involving 1,003 participants revealed a significant association between diabetes and prediabetes with chronic pain symptoms (7). In contrast, a survey study in Finland revealed that pain in older adults was more strongly associated with depressive states and comorbidities than with diabetes itself (8). Similarly, a prospective cohort study in the United States indicated that physical pain in older adults was closely related to poorer mental health and physical functioning, but not to poor blood glucose control (9). Additionally, a hospital-based study in Hong Kong found that pain was not significantly related to diabetes self-management (10).

Despite these insights, critical research gaps persist. First, there is a lack of detailed analysis of pain across specific body regions, particularly in the older population, limiting the understanding of the differential impact of diabetes on pain localization. Second, most large-scale studies on diabetes-related pain have been conducted in economically developed regions, such as the United States (9) and Finland (8), with limited representation from low-and middle-income regions. This geographic bias restricts the generalizability of current findings, as socioeconomic status, healthcare accessibility, and cultural influences are likely to significantly affect the manifestation and management of diabetes-related pain. For example, individuals in regions with better healthcare access may report less severe pain due to timely interventions, while those in underserved areas might face greater pain severity due to delayed diagnosis and treatment (11, 12).

Furthermore, few studies have conducted in-depth analyses of variations in diabetes-related pain across different population subgroups. Diabetes affect pain characteristics differently based on gender, age, and the presence of comorbidities, highlighting the need for large-scale, stratified research to address these gaps. Such studies would provide personalized insights into the relationship between diabetes and pain, ultimately informing targeted pain management interventions.

Therefore, this study aims to determine the association between diabetes and pain in specific body regions among adults aged 50 and older in China, utilizing nationally representative survey data to assess the effects of diabetes across different subgroups.



2 Methods


2.1 Survey design

This cross-sectional study used self-reported pain and diabetes diagnosis data from the 2015 China Health and Retirement Longitudinal Study (CHARLS) database to evaluate the impact of diabetes on the prevalence of chronic pain across various body sites in a diverse population aged 50 years and older.



2.2 Database

The CHARLS is a large-scale, national longitudinal study that collects information on demographic characteristics, health status, lifestyle, disease history, and socioeconomic conditions of middle-aged and older adults in China. Initiated in 2011, CHARLS has conducted follow-up surveys in 2013, 2015, 2018, and 2020 (13). The study protocol was approved by the Biomedical Ethics Committee of Peking University, and written informed consent was obtained from all participants.



2.3 Data selection

We selected data from the 2015 CHARLS wave, focusing on participants primarily aged 50 and older, as this dataset provides the comprehensive covariates required for our analysis. Initially, data for 21,095 participants were obtained from the CHARLS database, with 16,325 individuals aged 50 or older. Pain-related data and blood test data relevant to diabetes, including glucose and glycated hemoglobin (HbA1c), were available for 10,833 individuals. Additionally, complete covariates data were accessible for 10,477 individuals, meeting the following criteria: non-missing values for body mass index (BMI), smoking status, alcohol consumption, hypertension, age, gender, education, marital status, residence, high-density lipoprotein (HDL), low-density lipoprotein (LDL), total cholesterol (TC), and triglycerides (TG). After excluding participants with cancers (except for minor skin cancers) and memory-related diseases, a total of 10,315 participants were ultimately included in the final analysis (Figure 1).

[image: Flowchart of participant selection from the 2015 CHARLS study. It starts with 21,095 total participants. Exclusions include those under age 50 (4,770), incomplete data for glucose, HbA1c, and pain (5,492), missing covariate data such as BMI and smoking (356), and participants with cancers and memory-related diseases (162). The final analysis includes 10,315 participants.]

FIGURE 1
 Flowchart of participants selection in this study.




2.4 Definitions of diabetes and hypertension

Diabetes diagnosis was based on participants’ self-reported physician diagnoses or determined by the following criteria: (a) self-reported use of insulin or medications for diabetes treatment; (b) fasting plasma glucose (FPG) ≥ 7.0 mmol/L (126 mg/dL); (c) random blood glucose ≥11.1 mmol/L (200 mg/dL); (d) glycated hemoglobin (HbA1c) ≥ 6.5% (14).

Hypertension was defined as meeting any of the following criteria:(a) self-reported physician diagnosis of hypertension;(b) self-reported use of antihypertensive medication;(c) systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg.



2.5 Pain assessment

Pain was assessed through self-reporting, with participants asked whether they experienced long-term chronic pain and specifying its location.



2.6 Blood glucose control

Glycemic control status was assessed through self-reported responses to the question: “Is your blood sugar generally under control?” Participants who answered “Yes” were categorized as having “Good Glycemic Control,” while those who answered “No” were classified as having “Poor Glycemic Control.”



2.7 Statistical analysis

Participants were classified based on their diabetes status. Descriptive statistical analyses summarized the baseline characteristics, including age, gender, BMI, smoking status, alcohol consumption, hypertension, education, marital status, residence, and lipid profiles (HDL, LDL, TC, and TG). Continuous variables following a normal distribution were expressed as means ± standard deviation (mean ± SD), with group differences evaluated using t test. Non-normally distributed continuous variables were presented as medians and interquartile ranges (IQR) and analyzed using the Mann–Whitney U test. Categorical variables were summarized as frequencies and percentages, and differences between groups were analyzed using the chi-square test. The Kolmogorov–Smirnov test was used to assess the normality of numerical distributions.

A univariate analysis was performed to investigate the association between diabetes and chronic pain across various body regions, using the chi-square test to compare pain incidence between diabetic and non-diabetic groups. Logistic regression models were used to evaluate the relationship between diabetes and chronic pain, with three models developed: Model 1 was unadjusted, Model 2 adjusted for age and gender, and Model 3 was fully adjusted for potential confounders including age, gender, BMI, education, marital status, hypertension, smoking, alcohol use, and lipid profiles (TC, TG, HDL, and LDL). Results are presented as odds ratios (OR) with 95% confidence intervals (CI). Stratified analyses were conducted to explore subgroup differences by gender, age, and hypertension status. Additionally, the impact of blood glucose control on chronic pain among diabetic individuals was analyzed.

All statistical analyses were performed using R software (version 4.2.3), and two-tailed p-values were reported. Statistical significance was set at p < 0.05.




3 Results


3.1 Sociodemographic and clinical characteristics

This study analyzed data from 10,315participants, including 1,983 individuals with diabetes and 8,332 without. Table 1 shows that the diabetes group was older, had a higher proportion of females, and a significantly greater percentage of urban residents compared to the non-diabetic group (p < 0.001). Additionally, the diabetes group exhibited higher BMI, and a significantly greater prevalence of hypertension (p < 0.001). Regarding biochemical indicators, HDL levels in the diabetes group were significantly lower than those in the non-diabetic group, while LDL, TC, and TG levels were significantly higher (p < 0.05). Supplementary Table 1 illustrates that the incidence of chronic pain in the diabetes group is significantly higher than that in the non-diabetic group, with an increased prevalence of pain in the head, shoulder, arm, fingers, chest, stomach, leg, and knees (p < 0.05).



TABLE 1 Baseline characteristics of participants stratified by diabetes status.
[image: A table comparing characteristics between non-diabetic and diabetic groups. Variables include age, gender, education, marital status, residence, BMI, smoking, alcohol use, hypertension, and various cholesterol levels. The table provides median values, percentages, total numbers, and p-values for each variable across both groups. Significant differences are noted in age, gender, residence, BMI, smoking, alcohol use, hypertension, and cholesterol levels, highlighted by p-values less than 0.001 for most variables.]



3.2 Logistic regression analysis of diabetes and chronic pain

To assess the independent effects of diabetes on chronic pain, we developed three models using univariate and multivariate logistic regression (Table 2). Model 1 was unadjusted, Model 2 adjusted for age and gender, and Model 3 was fully adjusted for age, gender, BMI, education, marital status, hypertension, smoking, alcohol use, and lipid profiles (TC, TG, HDL, and LDL). The OR indicate the likelihood of experiencing pain, with CI representing the precision of these estimates. In Model 3, diabetes was significantly associated with a higher risk of pain across multiple body regions, including the head [OR = 1.26 (1.10–1.45), p < 0.001], arm [OR = 1.21 (1.04–1.41), p = 0.01], fingers [OR = 1.34 (1.14–1.59), p < 0.001], chest [OR = 1.25 (1.03–1.52), p = 0.02], stomach [OR = 1.24 (1.05–1.47), p = 0.01], and knees [OR = 1.16 (1.02–1.33), p = 0.03].



TABLE 2 Association between diabetes and chronic pain in different body regions based on univariate and multivariate logistic regression models.
[image: Comparison table showing odds ratios (OR) and p-values for different body locations across three models. Model 1: unadjusted; Model 2: adjusted for age and gender; Model 3: further adjusted for additional factors. Each model presents ORs with 95% confidence intervals. Statistically significant results, such as those for the head and fingers, show p-values below 0.05 across models. The footnote explains data analysis using logistic regression, noting non-diabetic participants as the reference group.]



3.3 Subgroup analysis by sex, age, and hypertension status

Further subgroup analysis was conducted to explore whether the association between diabetes and chronic pain varied by sex, age, and hypertension status. In the sex-based analysis (Table 3), diabetes was significantly associated with an increased incidence of headaches only in men [OR = 1.33 (1.05–1.69), p = 0.02]. While in women, diabetes was linked to higher risks of pain in multiple regions, including head [OR = 1.24 (1.05–1.47), p = 0.01], arm [OR = 1.34 (1.11–1.61), p = 0.002], fingers [OR = 1.50 (1.23–1.82), p < 0.001], chest [OR = 1.32(1.05–1.67), p = 0.02], stomach [OR = 1.25 (1.02–1.53), p = 0.03], leg [OR = 1.24 (1.05–1.46), p = 0.01], knees [OR = 1.21 (1.03–1.43), p = 0.02], and toes [OR = 1.40 (1.09–1.79), p = 0.008].



TABLE 3 Association between diabetes and chronic pain across different body regions, stratified by gender.
[image: A table comparing odds ratios (OR), confidence intervals (CI), and p-values for different body locations between males and females. Results include head, shoulder, arm, wrist, fingers, chest, stomach, back, waist, buttocks, leg, knees, ankle, toes, and neck. The table also includes a column for P for interaction. Data is adjusted for demographic and health factors with non-diabetic participants as a reference.]

Age-based analysis (Table 4) revealed that among participants aged 65 and above, diabetes was primarily associated with an increased risk of headache [OR = 1.28 (1.04–1.58), p = 0.02]. In participants aged under 65, diabetes was significantly associated with higher risks of pain in multiple regions, including the head [OR = 1.24 (1.03–1.49), p = 0.02], shoulder [OR = 1.25 (1.04–1.51), p = 0.02], arm [OR = 1.27 (1.04–1.56), p = 0.02], fingers [OR = 1.40 (1.12–1.75), p = 0.003], stomach [OR = 1.32 (1.06–1.64), p = 0.01], and back [OR = 1.23 (1.00–1.51), p = 0.05].



TABLE 4 Association between diabetes and chronic pain across different body regions, stratified by age groups.
[image: A table comparing odds ratios (OR) and p-values for body locations in two age groups: under 65 and 65 or older. Each row lists a body part, its OR with 95% confidence interval, and p-values for both age groups, with an interaction p-value provided. Data are adjusted for several factors, including gender and lifestyle variables.]

In the hypertension-based analysis (Supplementary Table 2), diabetes was not significantly increase the occurrence of pain in participants without hypertension. Among hypertensive participants, diabetes was associated with an increased risk of pain in multiple regions, including head [OR = 1.32 (1.11–1.57), p = 0.002], shoulder [OR = 1.25 (1.05–1.49), p = 0.01], arm [OR = 1.40 (1.16–1.69), p = 0.001], wrist [OR = 1.28 (1.02–1.60), p = 0.03], fingers [OR = 1.53 (1.23–1.89), p < 0.001], chest [OR = 1.38 (1.09–1.75), p = 0.008], stomach [OR = 1.36 (1.10–1.68), p = 0.005], leg [OR = 1.25 (1.05–1.47), p = 0.01], and knees [OR = 1.38 (1.16–1.63), p < 0.001].



3.4 Glycemic control and chronic pain prevalence in diabetes

We further analyzed the effect of blood glucose control on chronic pain in individuals with diabetes. Supplementary Tables 3, 4 indicate that diabetic individuals with good glycemic control had a lower incidence of generalized chronic pain, except in the ankle and toes, compared to those with poor glycemic control (p < 0.05). Table 5 compares diabetic individuals with good glycemic control to non-diabetic individuals, showing that those with well-controlled diabetes still exhibited an increased risk of pain in the fingers [OR = 1.34 (1.03–1.76), p = 0.03] and toes [OR = 1.44 (1.05–1.99), p = 0.03].



TABLE 5 Impact of diabetes on chronic pain in non-diabetic and good glycemic control diabetic individuals.
[image: Table showing odds ratios (OR) with 95% confidence intervals (CI) and p-values for body locations. Notable values: fingers OR 1.34 (0.03 p-value), toes OR 1.44 (0.03 p-value). Results adjusted for various factors.]




4 Discussion

The findings of this study indicate that diabetes is significantly associated with an increased incidence of chronic pain in various body regions among individuals aged 50 and above, including the head, limbs, chest, and stomach. Subgroup analysis revealed that in males and individuals aged 65 and above, diabetes was associated solely with an increased risk of headaches. Among non-hypertensive individuals, diabetes was not linked to a higher risk of pain. In contrast, among females, hypertensive individuals, and those under 65 years of age, diabetes significantly increased the risk of chronic pain across multiple body regions. Effective blood glucose control can significantly reduce the incidence of pain in various body regions among diabetic individuals, with the exception of toe pain. However, diabetic individuals with well-controlled blood glucose levels still exhibited a higher risk of finger and toe pain compared to non-diabetic individuals.

The association between diabetes and pain locations identified in this study aligns with previous research findings. For example, a systematic review and meta-analysis, including six case–control studies and two cohort studies, demonstrated that diabetes is a risk factor for frozen shoulder (15). Previous research has shown that diabetic patients not only have a higher incidence of osteoarthritis (OA) (16), but also a risk factor for the progression of knee OA in older adults. A study of 559 individuals over 50 years old with symptomatic knee OA found that diabetes increases the risk of joint space narrowing in these patients (17). Beyond joint pain, neuropathic complications are of particular concern. Research indicates that approximately half of diabetes patients have neuropathy, of whom 30 to 40% accompanied by neuropathic pain, often manifesting as numbness and discomfort in a “glove and stocking” pattern (3). Additionally, diabetic patients face an increased risk of stomach pain, as diabetic autonomic neuropathy raises the likelihood of gastroparesis (18, 19), and certain antidiabetic medications may further exacerbate gastrointestinal discomfort (20). Overall, diabetes is associated with a heightened risk of chronic pain across multiple body regions.

Subgroup analysis revealed that diabetes had a greater impact on chronic pain in women and individuals with hypertension, consistent with previous findings. Research has shown that diabetic women face higher cardiovascular risks (21), which may be linked to chest and back pain. Additionally, diabetes increases the risk of osteoporosis (22) and sarcopenia (23) in postmenopausal women, elevating the incidence of musculoskeletal pain. Hypertension combined with diabetes leads to more severe cardiovascular damage (24), further raising the likelihood of pain in the chest (25) and limbs (26). An unexpected result in our study was the greater impact of diabetes on pain in individuals aged under 65 compared to individuals aged 65 and older. However, this finding is consistent with a Finnish community-based study, which surveyed 1,084 adults aged 65 or older and found no significant association between diabetes and pain intensity or pain interference. Instead, depressive symptoms and the number of comorbidities were linked to higher pain frequency (8). This suggests that in older patients, pain may be more complex and influenced by multiple other factors, reducing the relative impact of diabetes on pain. These subgroup analyses have important clinical implications. Healthcare providers should be alert to the heightened risk of chronic pain in diabetic patients, particularly women, those with hypertension, and individuals under 65. Tailored pain management strategies are crucial for these groups.

An interesting finding of this study is that diabetes significantly increased the incidence of headaches almost across all subgroups, regardless of gender and age status. Previous studies on the relationship between diabetes and headaches have produced conflicting results. Some research suggests a decreased prevalence of migraines in diabetic patients (27, 28), while others indicate an increased association (29–31), and some show no significant difference (32). These discrepancies may be due to differences in the study populations. Our study found that the overall prevalence of headaches was significantly higher in older adults with diabetes, but we did not differentiate between migraines and general headaches in our analysis.

The relationship between glycemic control and pain in diabetes, particularly in type 2 diabetes, has produced conflicting results in previous studies. A cohort study of type 2 diabetes patients in Rio de Janeiro found that glycemic control indices could predict the development and progression of peripheral neuropathy, a major cause of pain (33). Conversely, a prospective cohort study from the United States reported that pain is more closely associated with poor mental health and physical function than with poor glycemic control (9). Previous research has often lacked detailed analyses of pain specific to certain body regions. In contrast, our study found that while glycemic control did not significantly impact toe pain, it substantially alleviated pain in other body regions. In addition, healthcare system differences may influence outcomes. In countries with well-developed healthcare conditions, people with diabetes can receive timely treatment despite poor glycemic control, whereas in low-and middle-income countries, a large number of people with diabetes remain undiagnosed or untreated, leading to worsened pain outcomes due to poor glycemic control (11, 12).

Moreover, our study revealed that even with well-controlled blood glucose levels, diabetic participants still faced an increased risk of experiencing pain in the fingers and toes. This may be due to the common presence of metabolic syndrome among diabetic participants, which can cause peripheral nerve damage even with good glycemic control (34, 35). Additionally, if there was a history of poor glycemic control, the damage caused by hyperglycemia might persist even after achieving good control, particularly when irreversible damage has already occurred in peripheral nerves and microvessels (36). These findings highlight the importance of early glycemic control and weight management in diabetes care.


4.1 Limitations and strengths

This study has several limitations. The cross-sectional design prevents establishing causal relationships between diabetes and chronic pain. Additionally, the data primarily relied on participant self-reports and lacked detailed pain ratings and frequency assessments, which may reduce the precision of pain severity and occurrence comparisons. Furthermore, the dataset lacked information on neuropathy, a key complication of diabetes that significantly contributes to pain, which limits the scope of our findings. The study’s strengths include the use of the CHARLS database, which encompasses data from 28 provinces across China, providing a high degree of representativeness and timeliness. The study employed rigorous data screening and robust statistical analysis, offering a comprehensive examination of the impact of diabetes on chronic pain across different populations and ensuring the reliability and sensitivity of the findings.




5 Conclusion

In summary, diabetes significantly increases the risk of chronic pain in multiple body regions among individuals aged 50 and older, with the effect being especially pronounced in females, hypertensive individuals, and those under 65. Effective glycemic control can reduce the risk of chronic pain, but diabetic individuals remain at a higher risk of finger and toe pain compared to non-diabetic individuals.
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Background: The aging of China is deepening year by year, and improving the quality of dying and death (QODD) is increasingly becoming an urgent and realistic need. This study explores the gender differences in the quality of dying and death and its influencing factors among Chinese older adults, aiming to provide assistance to the relevant authorities in formulating end-of-life care policies for the older adults, and to adapt to the needs of an aging society.
Methods: Based on the data of the Chinese Longitudinal Health Longevity Survey (CLHLS) during 2008–2018, a total of 7,341 respondents were included. Chi-square test and logistic regression analysis were used to analyze the quality of dying and death among Chinese older adults and its influencing factors. In addition, A Fairlie decomposition analysis (FDA) was conducted to ascertain the degree of influence exerted by various contributing factors.
Results: The proportion of high QODD among female older adults (63.80%) was significantly higher than male older adults (56.00%), which was statistically significant. Logistic regression showed that age, residence, home facilities score, place of death, medical costs, got timely treatment, number of chronic diseases and unconsciousness were the factors influencing QODD among male older adults. Meanwhile, residence, marital status, home facilities score, place of death, got timely treatment, bedridden, suffered from serious illness, unconsciousness and drinking were the factors influencing QODD among female older adults. FDA showed that 47.89% of the differences in QODD were caused by the observed variables, while 52.11% of the differences were caused by gender differences and unmeasured variables.
Conclusion: Chinese men have a poorer QODD compared to women. The main factors contributing to this difference were age, the number of chronic diseases, suffered from serious illness, unconsciousness, place of death, residence and home facilities scores. To ensure successful aging, the relevant departments should focus on these factors and work toward reducing the gender differences in QODD.
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1 Introduction

The global population is undergoing a demographic transition, with an increasing proportion of individuals belonging to the older age groups. According to data from the World Population Prospects 2022, the population aged 65 and over is growing at a faster rate than that of individuals under 65. By 2050, it is projected that the share of the global population aged 65 and over will increase from 10 to 16% (1). Simultaneously, the population aged 60 and over in China is also experiencing rapid growth, with estimates suggesting it will exceed 420 million by 2035, representing over 30% of the total population (2). The aging population and the increasing number of older individuals pose significant challenges to the sustainability of the social security system and the provision of public services.

In response to this challenge, the Chinese government has proposed to improve national health policies to ensure the provision of comprehensive health services throughout the life course. Among these initiatives, enhancing the quality of dying and death (QODD) is a significant objective (3). QODD refers to the degree to which a person’s preferences for dying and the moment of death are consistent with others’ observations of how the person actually died (4). It reflects the consistency between individuals’ end-of-life experiences and expectations (5). Research efforts have been directed toward understanding the current status of QODD and the factors that affect it. A cross-country study involving 81 nations revealed that the United Kingdom topped the rankings, while China was positioned 53rd (6). Findings from Liu et al. indicated that the QODD score for Chinese patients with end-stage cancer was (52.71 ± 17.51), which is relatively low, compared to the scores of the United States (67.1 ± 25.9) and Israel (57.2 ± 15.0) (7–9). Literature suggests that the QODD of terminally ill patients is influenced by a multitude of factors, including age, gender, religion, disease type, comorbidities, place of death, and family support (7, 10–13).

Gender disparities are a critical focus in health filed research (14–17). Some studies have shown that older men have a better quality of life than older women (18–20). On the other hand, it has been shown that women have a higher quality of life (21, 22). Furthermore, additional studies showed no difference in quality of life between male and female older adults (23, 24). Consistently, studies have shown that males and females exhibit different patterns of morbidity, life expectancy, and health behaviors, which may influence their end-of-life experiences and the quality of death (25). Secondly, women, who often outlive men, may spend more years with disabilities and chronic illnesses (26). This gender disparity in health outcomes raises questions about the quality of life and the quality of death for older women compared to their male counterparts. Moreover, gender roles and societal expectations can influence the provision and receipt of end-of-life care (27–29), potentially resulting in differing dying experiences between genders. Despite the recognition of these gender differences, there is a paucity of research specifically addressing how gender influences the quality of death among the older adults.

Therefore, this study aims to employ the Fairlie decomposition method to investigate the influence of gender disparities on the QODD of older adults and to ascertain the extent to which each factor contributes to this phenomenon, in an attempt to provide practical references for relevant authorities to formulate end-of-life care policies for the older adults in order to improve the QODD of the older adults, as well as to promote the development of end-of-life service systems in China that will help adapt to the needs of an aging society.



2 Methods


2.1 Data sources

This study utilized data from the Chinese Longitudinal Health Longevity Survey (CLHLS), published by the Center for Healthy Aging and Development Studies at Peking University (30). The CLHLS employed a multi-stage stratified sampling method, covering 23 provinces, municipalities, and autonomous regions throughout the country, with a focus on the older adults population aged 80 and above. The survey questionnaires were divided into two types: one for surviving respondents and another for family members of deceased older adults. The baseline survey of CLHLS began in 1998 and was followed by seven waves of tracking surveys in 2000, 2002, 2005, 2008–2009, 2011–2012, 2014, and 2017–2018. When participants passed away between two survey waves, their close contacts (usually family members, occasionally friends, social workers, or others) were interviewed in the next wave to gather information about the deceased’s experiences before and after death. The collected information included medical history before death, cause of death, and circumstances of death. Previous evidence has indicated high data quality of the CLHLS (11). This study selected samples of deceased older adults individuals aged 60 and above from the 2011–2012, 2014, and 2017–2018 waves of CLHLS, merging the three waves of data to construct a cross-sectional dataset of the deceased population from 2008 to 2018. Due to changes in the questionnaire design since the 2011–2012 wave, data from earlier waves could not be included in the analysis. After deleting missing data on important related variables such as QODD, residence, and place of death, the final sample included 7,341 respondents. Of the total, 40.77% were male and 59.23% were female. The data processing procedure is shown in Figure 1. To ensure the representativeness of the data, a comparison of key variables between the original dataset and the final dataset was conducted as a supplementary analysis (see Supplementary Table S1).

[image: Flowchart showing the exclusion process for deaths in the CLHLS study. Initially, 10,681 deaths are recorded across three waves: 2011-2012, 2014, and 2017-2018. Exclusions applied include those aged under sixty (two samples), non-response to QODD indicators (five hundred thirty-six samples), and non-response to various demographic and health-related factors (two thousand eight hundred two samples). The final analysis includes 7,341 deaths, with further breakdowns by study wave and gender: 4,116 from 2011-2012, 1,869 from 2014, and 1,356 from 2017-2018, with 2,993 male and 4,348 female.]

FIGURE 1
 Flowchart of study participants.




2.2 QODD measurement

Dupre et al. (31) suggested that the older adults’ ability to pass away peacefully is an important expression of high QODD. Therefore, the degree of pain experienced by the older adults at the time of death is a core indicator for assessing QODD. In this study, we selected the questionnaire “Did the deceased elder feel painful when death was coming?” to measure the QODD of the older adults. The responses to the questionnaire included “very painful,” “relatively painful,” “so so,” “relatively peaceful,” “very peaceful,” and “difficult to say.” Referring to previous studies (32), a value of 1 was assigned to “relatively peaceful” and “very peaceful” to indicate high QODD, while “very painful,” “relatively painful,” “so so,” and “difficult to say” were assigned a value of 0 to indicate low QODD.



2.3 Variable description

The study included variables such as demographic characteristics, residential setting, place of death, health service utilization, health status, economic status, and lifestyle, based on previous research on QODD (32–37). Table 1 shows the specific definitions of variables and their assigned values.



TABLE 1 Definition and measurement of variables.
[image: Table displaying variables related to quality of death and dying (QODD). It categorizes variables by type, name, and assignment values. Types include demographic characteristics, living status, place of death, health service utilization, health status, economic status, and lifestyle. Variables are assigned numerical values, for instance, sex (male = 0, female = 1), residence (city = 0, rural = 1), and annual income in RMB. Footnotes clarify terms like "without spouse" and "informal caregivers."]



2.4 Statistical analysis

The statistical analysis was conducted using the SPSS 26.0 software. Descriptive statistical methods were employed to analyze the general data. Additionally, the Chi-square test was performed to analyze the differences in QODD and gender differences in variable distribution among older adults. Forward stepwise regression with logistic regression analysis was used to analyze the QODD variables among Chinese older adults, with gender stratification. The significance level was set at α = 0.05.



2.5 FDA

The FDA was conducted using StataMP 17.0 to identify sex differences in QODD among older Chinese individuals and their underlying causes. FDA is a frequently employed methodology in studies aimed at ascertaining the impact of disparate factors on a dichotomous dependent variable. The results of previous studies have indicated that FDA is a more effective method for quantifying the contribution and significance of various influencing factors (38, 39). Relevant studies (36, 38) have suggested that the use of FDA in non-linear regression models can effectively quantify the contribution and significance of various factors. The FDA model categorizes the outcomes into two components: explained and unexplained (40, 41). The explained segment of the disparities is attributed to the variables examined in the study, whereas the unexplained segment arises from differences in both measured categorical variables and unobserved factors. Following Fairlie’s approach, the decomposition of the non-linear equation [image: Mathematical equation: Y equals F of X beta hat.] can be written as follows:

[image: Mathematical formula displaying the difference between Y-bar superscript a and Y-bar superscript b. It includes two main summation components with indices from i equals one to N superscript a and N superscript b. Each component involves functions F of X with various superscripts and β. The equation is labeled as (1).]

The average probabilities of the binary QODD outcomes for the two groups are denoted by [image: Mathematical notation showing an uppercase Y with a horizontal bar over it and a superscript lowercase a to the right.] and [image: Mathematical notation displaying an uppercase Y with a bar over it and a superscript lowercase b on the right.], respectively. F denotes the cumulative distribution function associated with the logistic distribution. The difference [image: Mathematical expression showing the difference between two mean values: Y bar superscript a minus Y bar superscript b.] represented the total variation due to group differences. Na and Nb represent the sample sizes of the respective populations. The first term within the parentheses in Equation (1) accounts for the portion of the disparity resulting from differences in observed attributes and variations in estimated coefficients. The second term addresses the contribution to the disparity from differences in Y levels.




3 Results


3.1 Demographic information of the respondents

Table 2 shows the results of the descriptive statistical analysis contrasting male and female older Chinese individuals. The analysis revealed that 39.38% of older population were in “low” QODD, 60.62% were in “high” QODD, and the proportion of high QODD in females (63.80%) was greater than that in males (56.00%; p < 0.001). 79.46% of the female respondents were >90 years old, and 59.64% of the male respondents were >90 years old. 92.71% of female respondents were without a spouse, and 68.26% of male respondents were without a spouse.



TABLE 2 Distribution of the variables in male and female respondents.
[image: A table comparing various characteristics between male and female groups, including variables like QODD, age, residence, marital status, living arrangement, medical costs, and health conditions. It provides counts and percentages for each variable, along with statistical measures such as chi-square and p-values for significance.]

The Chi-square test was used to analyze variations among categorical variables. The analysis revealed disparities in the distribution of 17 factors: age, residence, marital status, living arrangement, place of death, sources of medical costs, medical costs, got timely treatment, old-age insurance, bedridden, suffered from serious illness, number of chronic diseases, ADL scores, unconsciousness, main financial source, smoking and drinking. Compared to men, women are older, have a higher proportion of being without a spouse, a higher proportion of dying at home, a higher proportion of medical expenses sourced from the family, a higher proportion of being without illness, and lower proportions of smoking and drinking.



3.2 Distribution of QODD variables in female and male respondents

Table 3 illustrates the distribution of variables related to the QODD across male and female participants. The findings indicate that there are significant gender-based disparities in the distribution of several variables. Notably, the variable distribution for hearing loss and annual income significantly impacted QODD only among male participants. Conversely, the distribution of medical costs and drinking significantly influenced QODD exclusively among female participants.



TABLE 3 Distribution of QODD variables under different statuses of QODD.
[image: A detailed table compares various variables between low and high quality of death (QODD) for males and females. Variables include age, residence, ethnic group, marital status, living arrangement, place of death, primary caregiver, medical costs, timely treatment, insurance, serious illness, number of chronic diseases, ADL score, unconsciousness, hearing loss, financial sources, income, smoking, and drinking. Data includes sample sizes, percentages, chi-square values, and p-values for statistical significance.]



3.3 Multivariate analysis of QODD and gender differences

The results of the logistic regression analyses of QODD reported by older Chinese men and women are shown in Tables 4, 5. More detailed results are provided in the Supplementary Tables S2, S3. The results showed that the factors influencing QODD differed between older adults of different genders. Age (75–90, OR = 2.441, 95% CI = 1.597–3.732; >90, OR = 3.779, 95% CI = 2.476–5.768), residence (rural, OR = 0.800, 95% CI = 0.678–0.944), home facilities score (4–6, OR = 1.478, 95% CI = 1.199–1.822; 7, OR = 1.873, 95% CI = 1.507–2.328), place of death (other, OR = 0.165, 95% CI = 0.045–0.606), medical costs (10,001–50,000, OR = 0.753, 95% CI = 0.610–0.930), got timely treatment (no, OR = 0.374, 95% CI = 0.241–0.579; was not ill, OR = 1.380, 95% CI = 1.105–1.724), number of chronic diseases (1, OR = 0.675, 95% CI = 0.555–0.822; ≥2, OR = 0.645, 95% CI = 0.523–0.794), unconsciousness (yes, OR = 0.640, 95% CI = 0.545–0.752) were the factors influencing QODD among male older adults. Meanwhile, residence (rural, OR = 0.868, 95% CI = 0.755–0.999), marital status (without spouse, OR = 1.471, 95% CI = 1.415–1.890), home facilities score (7, OR = 1.707, 95% CI = 1.412–2.062), place of death (hospital, OR = 0.624, 95% CI = 0.472–0.825), got timely treatment (no, OR = 0.480, 95%CI = 0.337–0.684; was not ill, OR = 1.440, 95% CI = 1.215–1.707), bedridden (yes, OR = 0.820, 95% CI = 0.700–0.961), suffered from serious illness (yes, OR = 0.778, 95% CI = 0.671–0.901), unconsciousness (yes, OR = 0.720, 95% CI = 0.629–0.823), drinking (yes, OR = 1.293, 95% CI = 1.044–1.602) were the factors influencing QODD among female older adults. Therefore, the influencing factors of QODD are not consistent between male and female older individuals, mainly manifested in aspects such as age, medical costs, and the number of chronic diseases.



TABLE 4 Logistic regression analysis of QODD reported by male respondents.
[image: Table displaying variables with odds ratios (OR), confidence intervals (CI), and p-values related to factors affecting an outcome. Factors include age, residence, home facilities score, place of death, medical costs, timely treatment, number of chronic diseases, and unconsciousness. Significant results are highlighted with p-values under 0.05, indicating strong statistical associations for specific categories like age (75-90, over 90), residence (rural vs. city), home facilities, and others.]



TABLE 5 Logistic regression analysis of QODD reported by female respondents.
[image: Table displaying variables related to residence, marital status, home facilities score, place of death, timely treatment, bedridden status, serious illness, unconsciousness, and drinking. Each variable includes odds ratio (OR), 95% confidence interval (CI), and p-values. Notable findings include significant associations in marital status without spouse (OR 1.471, p 0.003), home facilities score of 7 (OR 1.707, p <0.001), place of death at hospital (OR 0.624, p 0.001), and timely treatment availability (p <0.001).]



3.4 FDA results

We performed a quantitative examination to assess the extent to which various factors contribute to the disparities in the QODD reported by male and female individuals in China. The specific results for decomposing the QODD differences are shown in Table 6. The results of the FDA showed that 47.89% of the differences in QODD were caused by the observed variables, while 52.11% of the differences were caused by gender differences and unmeasured variables. Among the variables that accounted for the explained part of the differences, age, number of chronic diseases, suffered from serious illness, unconsciousness, place of death, residence and home facilities scores were influencing factors that reached the level of significance (p < 0.05), with contribution levels of 32.95, 12.62, 5.37, −4.13%, 3.66, −2.00 and 0.86%, respectively.



TABLE 6 Fairlie decomposition analysis (FDA) of QODD reported by different genders.
[image: Table showing the decomposition of differences in QODD with contributions to difference and significance. Explained factors include age, residence, marital status, medical costs, and more, with percentages and confidence intervals. Unexplained and explained percentages are noted as 52.11% and 47.89% respectively.]




4 Discussion

This investigation aimed to identify the elements affecting the QODD among older Chinese males and females, and it quantitatively assessed the extent of each factor’s influence in order to elucidate the observed gender disparities. The FDA offers clear interpretability and can furnish theoretical insights, aiding pertinent sectors in developing end-of-life care policies tailored for the aging population.

The study results indicated that there were significant gender disparities in QODD among older Chinese individuals, where females exhibiting a higher QODD than men. The results of our study are consistent with those of Neimeyer et al. (33). Studies have shown that older women are generally more health and diet conscious and may be more inclined to make healthy dietary and lifestyle choices (42), which can help to reduce the risk of chronic diseases, thereby improving QODD and reducing the risk of death. In terms of family support, traditional Chinese culture endows women with closer family support networks (43), and they form a multi-generation emotional connection in the process of assuming major family responsibilities. Such social capital can significantly ease anxiety and loneliness in the terminal stage. At the same time, women also show a wider social communication network, and the emotional comfort and companionship from friends constitute an important psychosocial support system (44, 45). In addition, facing the end of life challenges, women tend to adopt positive coping strategies, such as active help seeking and relaxation training, and these adaptive behaviors help to maintain a positive mental state. In contrast, men in the traditional social structure tend to bear more heavy family economic responsibility and social expectations (46), long-term exposure to occupational stress, economic constraints and social competition of multiple stress, the cumulative pressure not only increase the risk of mental health, may also be through the physiological mechanism affect disease prognosis, eventually negative effects on QODD and improve the risk of death.

In the analysis of gender disparities, the determinants of QODD exhibit distinct differences between older men and women. Specifically, age, medical expenses, and the incidence of chronic diseases are factors that uniquely influence the quality of death in older men. In contrast, marital status, the occurrence of serious illnesses, and drinking are significantly associated with the QODD in older women. For older men, the burden of higher medical costs is correlated with a lower QODD, as the financial strain on both the patient and their family can be overwhelming, and insufficient funds may lead to inadequate treatment, thereby worsening the condition (32). Among older women, those without a spouse tend to experience a higher QODD, which may be linked to the traditional role of women in caring for family members and managing domestic responsibilities. Furthermore, alcohol consumption emerges as a protective factor for the QODD in older women, and similar results have been reported internationally (47, 48). Although alcohol is generally recognized as a health risk, this paradox may be explained by the selective nature of health behaviors in the older adults; individuals in poorer health may be more likely to abstain from drinking, while those in better health may continue their established drinking patterns.

The results of FDA demonstrated that age, the number of chronic diseases, suffering from serious illness, unconsciousness, the place of death, residence and home facilities scores were the variables contributing gender disparities in QODD and reached the level of statistical significance. Of these variables, age demonstrated the greatest influence. The results of the multifactorial unconditional logistic regression model analysis indicated that age was a significant factor influencing QODD in older men, with older age being associated with higher QODD. These findings align with Braun (9) that as individuals age, they may become more accepting of mortality and better prepared to confront it. Additionally, the accumulation of life experience and wisdom accompanying aging may enhance an individual’s capacity to derive meaning and value from life (49).

Health conditions, such as the number of chronic illnesses, suffering from serious illness, and unconsciousness, contribute to gender differences in QODD among older adults. In consistency with the findings of previous studies (50, 51), older adults with adverse health conditions may experience physical and psychological pain and discomfort, including pain, dyspnea, insomnia, and anxiety. These symptoms may result in a notable decline in the quality of life of older adults in the final stages of life. Secondly, when older persons suffer from ill health, they may need to be bedridden or dependent on others for care, which puts psychological stress on their families and caregivers and leads to a reduction in social activities and a narrowing of the social circle. This, in turn, can exacerbate feelings of loneliness and loss, thus affecting the QODD. Studies have shown that patients who have received hospice services have a higher QODD than those who have not (52, 53). Therefore, comprehensive care and support for older people in poor health is very important, and in order to improve the QODD of older people, we should provide them with dignified and comfortable end-of-life care.

The findings of our study showed that older adults who died at home had a higher QODD than those who died in other locations. Studies by Yao et al. (54) and Zhao et al. (55) suggest that the QODD of those who died at home was significantly higher than that of patients who died in hospital. Dying at home is typically regarded as the most appropriate and desired location for most individuals (56), as it can evoke a sense of familiarity and comfort, and facilitate a more natural and less medicalized process of dying. Patients who die at home tend to be better equipped to make arrangements and accept their fate, which may contribute to higher QODDs.

Furthermore, the place of residence is also associated with the QODD. The results of this study demonstrate that the QODD is higher among the older adults who reside in urban areas, which is consistent with the findings of previous studies (13, 43). This may be due to the fact that urban areas have richer health care resources and facilities. Studies have shown that the higher the economic level, the better the health care, the easier it is to meet the medical and nursing needs of the older adults before they die (57, 58), and therefore the higher the QODD of the older adults. Additionally, residents in urban areas may be more likely to have access to amenity services, which may reduce the burden of living on patients and their families and help improve QODD. These findings served as a reference for relevant departments to reduce gender differences in QODD among Chinese older adults from a more holistic perspective.

Based on the above research findings, we make the following recommendations. Firstly, it is imperative to prioritize the health status of the older population. There is a need for widespread promotion of chronic disease self-management education tailored for the older adults, aimed at enhancing their disease awareness and self-care capabilities, particularly for conditions more prevalent among older males. The government should strengthen collaborations with healthcare institutions to facilitate accessible and affordable health screening services for the older adults facilitating early detection and treatment of diseases. For those older individuals with severe illnesses, appropriate adjustments in health insurance policies should be made, and targeted assistance and support programs should be developed. Additionally, a specialized service team, comprising medical professionals, nurses, social workers, and volunteers, should be established to offer comprehensive support to older individuals with cognitive impairments. Secondly, there is an urgency to develop community-based end-of-life care services, providing professional care to the older adults and encouraging them to articulate their preferences and wishes. Thirdly, the government should increase its support for rural areas, promoting the adaptation of household facilities for the older adults to enhance the safety and comfort of aging in place, thereby narrowing the urban–rural gap. Finally, the healthcare system should broadly implement gender sensitivity education to augment healthcare providers’ understanding of gender differences, and to offer professional training to family members to improve their knowledge and skills in this domain.

Our study also has a few limitations. First, the QODD has several dimensions. “Did the deceased elder feel painful when death was coming?” is a subjective measure that is influenced by the respondents. As a result, it has a limited reflection of the objective QODD. Second, the QODD of the older adults is influenced by several factors, and we have only measured some of them. In the future, we will use more objective measurement tools, include more factors in our analyses, and conduct studies in larger populations to validate the validity of our findings. Third, the questionnaire was filled out by the relatives of the deceased older adults, and we did not measure the relevant information of the respondents, which may have some bias. Future studies should examine whether there are differences in the assessment of death quality among different relatives. Despite these limitations, the results are useful for comparing the differences in the QODD between the older adults of different genders in China, and providing guidelines for improving the QODD among the older adults in China.



5 Conclusion

This study analyzed the differences between men and women in terms of QODD in China. We found that Chinese men have a poorer QODD compared to women. The main factors contributing to this difference were age, the number of chronic diseases, suffered from serious illness, unconsciousness, place of death, residence and home facilities scores. Therefore, the relevant departments should focus on addressing these factors to reduce the gap between men and women. Our findings help in comprehensively improving the QODD in older adults individuals and provide guidance for the implementation of the Healthy China Strategy to promote successful aging.
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Aims: To investigate the willingness of Xiamen’s older adult community members to participate in mutual support for the older adult, and to explore the factors that influence their willingness to participate.
Background: Mutual support in old age care fully respects the autonomy and initiative of the older adult, and has become a practical option for solving the problem of mutual support in old age in China. This study investigates the willingness of Xiamen’s older adult community members to participate in mutual support and scientifically examines the influencing factors behind this willingness.
Methods: This is a cross-sectional study that collected data from September 2023 to January 2024. The study population consisted of 502 older adult people from Xiamen, China, selected using a convenience sampling method. A self-designed questionnaire was used to conduct the survey. Binary logistic stepwise regression analysis was used to determine the influencing factors.
Results: The binary logistic stepwise regression analyses showed that being in a community that regularly organizes activities for the older adult, occasionally participating in community-organized activities for the older adult, being willing to accept help from other older adult people, being willing to provide help to other older adult people, and not living alone were more likely to participate in mutual support.
Conclusion: The government and community organizations should play a role in guiding and safeguarding policies, while also strengthening the promotion of mutual support within the community. Additionally, they should provide targeted and demand-driven mutual support services for the older adult, promoting sustainable and healthy development of mutual support for older people to improve their quality of life and well-being.
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1 Introduction

The implementation of the family planning policy and the continuous advancement of urbanization have resulted in observable trends in existing family patterns, including an aging population, a decline in the number of children per family, and a reduction in the average size of families. The significant shifts in family structure have contributed to the gradual emergence of empty-nest families as a social norm. Concurrently, the depreciation of currency has resulted in many older adult individuals being unable to rely on savings accumulated during their younger years to support their retirement. Furthermore, the increasing pressure on pension payments faced by the national social security system, coupled with the generally low level of pensions, has further exacerbated the economic pressure on the older adult (1). This phenomenon is not unique to China, as many other countries, especially developed nations, are facing similar challenges with the equally severe issue of population aging.

The physical condition and self-care abilities of the older adult tend to decline with age. Furthermore, the high cost of caregivers and medical care often renders it unaffordable for many older adult individuals. In urban areas, the fast-paced lifestyle, high prices, and intense competition have rendered the traditional family model of older adult care unsustainable. In light of these circumstances, it is evident that the traditional family model of older adult care is no longer capable of fulfilling the diverse needs of the older adult population. Furthermore, the high cost of institutional care and the traditional notion of “raising children to protect the older adult” are challenging for many older adult individuals to accept (2, 3). In response to this challenge, the community-based home care model, which is gradually developing, has been welcomed by the older adult due to its convenience. The community-based home care model represents an older adult care model in which the government assumes control of non-profit organizations, establishes the community as the foundation, the family as the basis, and the institution as the supplement (4). Nevertheless, as a relatively nascent model, it is still confronted with challenges, including inadequate capital investment, an imperfect operational modus operandi, and a dearth of professionalism among service personnel (5). The question of how to achieve the goal of a sense of security, a sense of worthiness, and a sense of joy for the older adult has become a significant societal issue that requires urgent attention.

As the most populous country in the world, China is home to a significant older adult population, and the issue of aging cannot be addressed through policy support alone (6). In light of these considerations, the key to addressing the challenges posed by an aging population in China lies in harnessing the potential of the older adult and exploring innovative models of intergenerational collaboration. The Opinions of the Central Committee of the Communist Party of China and the State Council on Strengthening Efforts to Tackle Population Aging in the New Era indicate that the older adult should be encouraged to continue to play their roles, combining active aging with active aging. Furthermore, the role of the younger older adult should be brought into full play by improving policies and measures on employment, volunteerism, and community governance (7). A novel approach to older adult care, spearheaded by community organizations, is gradually gaining traction. This model upholds the tenet of mutual support and fosters intergenerational care and communication among the older adult.

The Decision of the Central Committee of the Communist Party of China on Further Comprehensive Deepening Reforms and Promoting Chinese Modernisation explicitly proposes to address the issue of an aging population proactively (8). This will be achieved by improving the policy mechanism for the development of the older adult care business and the older adult care industry, and by promoting mutual aid older adult care services. Mutual care can be defined as the mutual support of the older adult by those who are healthy. This can take the form of the older adult helping the older adult who are sick, or it can be a spontaneous initiative whereby groups of older adult people support each other in meeting their own old age needs. This can be seen as belonging to the category of “peer-based older adult mutual support” (9). The mutual care model currently in use in China encompasses several different approaches, including the time bank model, the fixed-point mutual aid model, the twinning mode of help, shared mutual aid, and community volunteer services. Shanghai is the first major Chinese city to experience an aging population, and it is also the first to implement mutual aid programs for the older adult. As early as 1999, the Shanghai community initiated efforts to promote the time bank system. To facilitate the advancement of the mutual care model, the Shanghai Centre for the Development of Aging Care has devised a long-term “old partner” mutual care project, which has been outsourced to social organizations. The concept of mutual care is also being implemented in other cities. For example, Guangzhou has adopted a “time-saving” mutual care model for the older adult, whereby younger, healthy individuals provide care for their older counterparts. Similarly, Wuhan and Qingdao have implemented neighborhood mutual care models. Furthermore, mutual aid is being promoted spontaneously in rural China. Notable examples include the community-based mutual aid for the older adult, which is being promoted by the Fujian Senior Citizens’ Association, and the mutual aid services that have been introduced by the governments of Hebei and Hubei.

In comparison to developing countries, developed countries have experienced an earlier transition to an aging society. The result of years of practice and exploration has been the formation of several mutual support models for the older adult, which are in line with the characteristics of the respective national contexts. For example, the United States has the “village” model (10), Germany has the “multi-generational residence” model (11), Japan has the “neighborhood mutual aid network” model (12), and the “time bank” mutual aid model for the older adult is becoming increasingly popular worldwide (13). The efficacy of the mutual care model for the older adult is evidenced by its capacity to alleviate societal pressure on the older adult, foster community cohesion, and facilitate a shift in attitudes towards the older adult and an enhancement of the older adult service system.

The concept of the “village” in the United States differs from its Chinese counterpart. In the United States, the “village” is a non-profit membership-based volunteer mutual aid organization. The model is primarily comprised of individuals aged 65 and above. In addition to assuming managerial roles, members also serve as volunteers, assisting in meeting fundamental social, physical, emotional, and intellectual needs through mutual aid initiatives. The Village offers a comprehensive range of supportive services and activities, to enhance the quality of life of its members. Additionally, it facilitates access to a diverse array of older adult care services, provided by professional organizations, which enable the older adult to reside in a familiar environment for an extended period. The model encourages contributions from non-profit organizations, with funding derived primarily from membership fees and charitable donations.

The German Federal Government has implemented the multigenerational house model, providing annual funding for its operation and encouraging the participation of charitable organizations and local businesses to ensure multiple sources of funding. The responsibility for the day-to-day management of the “multigenerational house” lies with the community. The three main forms of this model are as follows: firstly, university students share a room with an older person who is unable to afford the high rent, while the older person is offered a spare room free of charge. Secondly, single-parent families share accommodation with the older adult, with the older adult providing childcare and the single-parent families offering companionship and care for the older adult, thus addressing the needs of both parties. Thirdly, the older adult engage in mutual assistance within a familiar environment through the sharing of accommodation. This is done to meet the needs of the older adult. This model serves to dismantle the boundaries between families and generations, thereby establishing a distinctive neighborhood relationship that is worthy of emulation.

One of the most notable examples of a neighborhood support model in Japan is the Suzunokai social organization in Kawasaki City. This is a non-profit organization that has gained considerable recognition for its innovative approach to community development. The membership of the Suzunokai comprises individuals from a variety of age groups and backgrounds, including the older adult, housewives, and other enthusiastic residents of the community. The organization is financed through the contributions of volunteers, social donations, and subsidies from local volunteer centers. The objective is to construct a network of mutual support through mutual assistance among community residents, to establish a relaxed community living environment and harmonious neighborhood relations, and to provide basic life care and nursing services for the older adult and disabled who require home care. The activity space for the neighborhood mutual aid service organized by the “Suzunokai” is not fixed and encompasses a range of locations, including community public activity rooms, residents’ private residences, and some ancillary functions derived from the original function of the commercial space. In Japan, where the phenomenon of empty nesters is relatively prevalent, the Suzunokai is a civil society organization that has attained a high level of specialization and plays a significant role in the operation of the community neighborhood mutual aid model for the older adult.

The development model of “time banks” in the United Kingdom has become more mature. Initially, it provided care services for the older adult and the disabled. Subsequently, it developed into volunteer organizations, which were mainly for retired workers. These organizations met the needs of daily life and spiritual comfort. To facilitate the national development of time banks, the British government has established a comprehensive support policy and financial guarantee mechanism. This encourages the participation of public welfare organizations and charities ensures diversified sources of funding, and promotes the development of social welfare services. Concurrently, the government offers medical training for volunteers and implements personalized service initiatives for diverse demographic groups, which merits emulation. The operational model of the time bank is relatively straightforward. It is managed by community-based administrators for the older adult, and members of the public who are willing to participate can provide services to the older adult and redeem the corresponding service hours through the administration when needed.

The mutual-help older adult care model represents a significant advancement in the field of geriatric care, particularly in light of the demographic shift towards an aging population in China. This assertion is supported by both theoretical inquiry and empirical analysis. The mutual-help older adult care model encompasses a comprehensive range of values, evolving in response to the ongoing development of these models. However, the process of development has also revealed some challenges. For instance, the system is not yet fully developed, and there is still no clear set of standards or norms for the mutual older adult care service model. The activities associated with mutual older adult care have increased the risk for participating older adult individuals, particularly in the context of crisis events, where there is a lack of corresponding legislation and regulations to support them. The current community mutual aid service activities for the older adult commenced with a single source of funding. Financial support from the government for the community to carry out mutual aid activities for the older adult is limited, and the community’s capacity to collaborate and coordinate is also constrained. Consequently, the extant infrastructure for community mutual aid older adult care service activities is inadequate, the content and scope of services are insufficient, and there is a dearth of professional personnel. There is a dearth of government publicity regarding mutual aid for the older adult in urban communities. There is a notable lack of awareness among the older adult population regarding mutual aid initiatives, coupled with a dearth of trust in the capacity of social workers and other traditional-minded older adult individuals to provide adequate support. There is a lack of awareness of the importance of community participation, and the activities provided by the community often fail to meet the real needs of the older adult. This has resulted in a lack of capacity for sustainable development, and the coverage needs to be expanded (14).

The Seventh Population Census of 2020 revealed that the resident population of Xiamen was 5.18 million, with 9.6% of this figure comprising individuals aged 60 and above (15). This proportion is relatively low, reflecting the demographic structure of Xiamen as a special economic zone. However, the situation differs for the household population. In 2020, Xiamen’s household population will be 2.74 million, with 385,400, or 14%, aged 60 or older (16). By 2023, this proportion will have increased to 14.8% (17). This demonstrates that despite the youthful composition of the resident population, the proportion of older individuals in the household registration population is higher and increasing annually. This indicates that Xiamen is confronted with the dual challenge of an aging population and the attraction of a young workforce. In comparison to larger urban centers such as Shanghai (37.4% of the older adult population registered in a household) (18) and Guangzhou (19.38%) (19), Xiamen’s policy on the settlement of the older adult is relatively liberal. It offers a wide range of options for settlement, including educational qualifications, property ownership, and skills. Of particular note is the availability of subsidies for those who settle with a Bachelor’s degree or above. This policy has the effect of promoting a younger demographic profile in the household population. Compared to Quanzhou City, Fujian Province (17.04%) (20) and Zhangzhou City, Fujian Province (19.24%) (21), Xiamen’s status as a special economic zone provides a greater number of employment opportunities, thus contributing to a younger demographic profile. Despite the relatively low proportion of the older adult in Xiamen’s total population, issues such as empty-nester households remain a significant concern. This contrast in the ratio of young to old population serves to highlight the unique social environment faced by the older adult population in Xiamen, situated as it is within the context of rapid urbanization and economic development.

In 2019, Xiamen City selected three communities, namely Yingping Community, Xiange Community in Siming District, and Tieshan Community in Jimei District, as the inaugural cohort of time bank pilot communities to implement the “time bank’s” mutual support for the older adult project. Nevertheless, it remains in the exploratory phase, with relatively slow development, and large-scale promotion has yet to be achieved. Furthermore, a lack of robust management procedures, limited public awareness, and low levels of resident engagement have been identified as significant challenges (22). As the target group for whom the issue of aging is a significant concern, and as the primary source of mutual support within communities, the level of participation among this demographic not only affects their attitudes towards the process of aging but also has a bearing on the future trajectory of mutual support services. Accordingly, this study will investigate and analyze the perceptions, attitudes, and willingness to participate in the mutual care model of older people in the Xiamen community and identify the key factors that promote or impede participation. The objective is to formulate a more targeted policy to enhance older people’s motivation to participate in mutual support and to provide a theoretical basis for the optimization of the community-based older adult care service model in the future. The results of the study will ultimately promote the development of community-based mutual support, enhance the sense of social participation among the older adult, improve their quality of life, and contribute to the construction of a more inclusive and sustainable aging society.



2 Relevant concepts and theoretical foundations


2.1 Conceptual definition


2.1.1 Community

The term “society” is used to denote a group of people who share close ties and common characteristics. “District” refers to a specific range of activities, while “community” signifies a group of people inhabiting an area with a collectively recognized sense of place, culture, and purpose, and who engage in close interaction. The term “community” denotes a group of people inhabiting a specific geographical area, sharing a common culture and sense of purpose, and engaging in close interaction.



2.1.2 Mutual support among older people

Mutual support for the older adult can be defined as a novel model of old age, characterized by adherence to the principle of voluntary participation, mutual support, and the provision of financial support to the community by the government, the market, social organizations, or the older adult. This model, characterized by mutual assistance between healthier seniors and their less-abled peers, embodies a “peer-cohort support mechanism” within older adult care systems. The utilization of social resources through mutual support for the older adult is a strategy that addresses the deficiencies in the provision of care, offering a comprehensive solution that bridges the gap between institutional and home care.




2.2 Theoretical foundation


2.2.1 Theory of active aging

Active aging can be defined as the pursuit of optimal health, participation, and security opportunities for older persons, to improve their quality of life (23). In this context, the term “active” signifies the active involvement of older individuals in social and cultural activities, contingent on their good health. Such participation is identified as a pivotal aspect of active aging, contributing to the maintenance of optimal physical and mental health, and safeguarding human dignity in later life. The concept of active aging encourages the utilization of the ideological heritage, social experience, and professional skills of the older adult, and provides them with the opportunity to participate in society once again, thereby realizing their self-worth and enriching their life in old age. Concurrently, mutual support for the older adult not only alleviates the pressures associated with old age on families and society through mutual support but also enhances their sense of fulfillment and enhances their quality of life. This is consistent with China’s advocacy of active aging, a theory that pervades the entire thesis.



2.2.2 Maslow’s hierarchy of needs theory

Maslow’s hierarchy of needs theory is divided into five levels, which are categorized in the following order: physiological needs, safety needs, social needs, respect needs, and self-actualization needs (24). (1) The first level of this hierarchy encompasses physiological needs, which include food, clothing, housing, transport, and daily care. While the majority of older adult individuals are capable of meeting these needs, those residing in empty nests or with suboptimal self-care abilities may encounter challenges in doing so. (2) Safety needs: with age, physical function declines, and health level varies significantly, so their demand for medical care increases, especially when they are sick and want to get timely treatment. (3) Social needs. The social needs of the older adult are often met by their families, who provide company and emotional support. However, the influence of the general environment has increased the number of empty nesters, with a consequent rise in the number of older adult people living alone, unable to obtain the family warmth and happiness that they desire. In response, these individuals often engage in social activities, seeking both care and a sense of belonging. (4) Respect needs: It is imperative to acknowledge that older individuals aspire to be held in high esteem and acknowledged by their peers. Following their retirement from the primary workforce, older individuals often find themselves transitioning from a position of influence to one marked by vulnerability. This shift in their social role can trigger a psychological response characterized by sensitivity and suspicion, leading them to feel apprehensive about becoming a financial or emotional burden to others. Consequently, older adults often express a strong desire for genuine respect rather than sympathy from their peers. (5) Self-fulfillment needs: Following the satisfaction of this need, they aspire to be a source of assistance to others within a specific domain or facet, through their endeavors. Within the paradigm of mutual assistance for the older adult, this need can be more effectively fulfilled by contributing to the care of other older adult individuals. By leveraging existing resources, mutual support addresses the physical and safety needs of the older adult, while also partially meeting their social interaction, respect, and self-realization needs through intensive recreation, self-management, and mutual support.



2.2.3 Social exchange theory

The social exchange theory, proposed by Homans, is predicated on the integration of psychology and economics, emphasizing that relationships between people are based on interaction and exchange (25). Individuals derive material and spiritual gratification by expending a cost, adhering to the tenets of mutual benefit and reciprocity in the process. Such exchanges are also evident in traditional societies, where values such as “propriety” and “righteousness” are recognized as maintaining social justice. Within the context of mutual support, older adults function as both providers and recipients of care. Through the provision of care and companionship, older people receive care in return. This reciprocal relationship, characterized by the notion of mutual support, is a fundamental aspect of the effective functioning of social networks in old age.

When analyzed through the lens of Maslow’s Hierarchy of Needs Theory and Active Aging Theory, the demand-type factors affecting the willingness of older people to participate in mutual support for the older adult include income, physiological and social needs, and so on. Conversely, the social exchange theory elucidates the supply-type factors that influence older people’s propensity to participate, including community activities, neighborhood mutual support, and economic status. The integration of these three theoretical frameworks provides a comprehensive foundation for examining the participation of older individuals in mutual care within urban communities. Moreover, it offers a robust research basis for investigating the influence of various factors that may shape this participation.





3 Materials and methods


3.1 Design

This cross-sectional study was conducted in two districts of Xiamen, China, from September 2023 to January 2024.



3.2 Participants

This study used convenience sampling in the Siming and Huli districts of Xiamen, China. The inclusion criteria were as follows: age 60 and above, residence in Xiamen for more than 1 year, absence of cognitive, comprehension, or communication disorders, and voluntary informed consent. All participants were fluent in Chinese, understood the questionnaire, and provided written informed consent. A total of 502 older adults from the Xiamen community participated in this study.



3.3 Measures

The first draft of the questionnaire was developed based on a literature review (26–28), revised after three expert consultations, and the final version was finalized based on the pilot study. The questionnaire consisted of six sections.

	1. Demographic characteristics: gender, age, level of education, marital status, physical condition, self-care ability, and number of chronic diseases.
	2. Family structure: number of children, mode of residence, caregivers, harmony in family relationships.
	3. Economic status: whether still engaged in income-generating work or activities, source of income, monthly income, whether the main source of income is stable, previous occupation, satisfaction with economic status, whether current income meets old-age needs, whether savings or pension can meet future old-age needs, and whether they want to continue doing simple work if their physical condition allows.
	4. Cognitive status: whether they are worried about life, whether they feel lonely, whether they are satisfied with their current mode of aging, their current mode of aging, and what they consider to be the best mode of aging.
	5. Social participation and social support: whether there are people who participate in mutual support for the older adult with you, whether there are groups or individuals who engage in activities for the older adult together, whether you have a good relationship with your neighbors, whether the community cares about your life, who you turn to for help when you encounter difficulties, how often the community organizes activities for the older adult, how often you participate in activities for the older adult organized by the community, whether you are satisfied with public facilities in the community.
	6. Willingness to participate in mutual support: whether you have learned about mutual support, whether you are willing to receive help from other older people, whether you are willing to give help to other older people, whether you are willing to participate in mutual support, and who you would like to lead the mutual support model.



3.4 Data collection

This survey was carried out by four student nurses who had received the same training. They distributed a paper-based questionnaire at locations frequently visited by the older adult in the community, such as parks, community activity centers, supermarket entrances, and community hospitals. The respondents were informed of the study’s purpose and significance before receiving the questionnaires. Respondents gave informed consent before independently completing the questionnaires, with investigators assisting those who had difficulties. A unified guide was used to explain the questionnaires. The completed questionnaires were collected on-site and checked for completeness. Any incomplete questionnaires were filled out immediately.



3.5 Data analysis

The collected data were checked for completeness and consistency and then cleaned. Statistical analyses were conducted using SPSS 26.0. Descriptive statistics were used to summarise variables related to general information, family structure, economic status, cognitive situation, social participation, social support, and willingness to participate in mutual support for the older adult. Binary logistic stepwise regression was used to test the predictors of willingness to participate in mutual support in old age. p < 0.05 was considered statistically significant.



3.6 Ethical considerations

The study was approved by the hospital’s Institutional Review Board, and all procedures followed the 1964 Helsinki Declaration and its subsequent revisions’ ethical standards. Informed consent was obtained from all individual participants included in the study.




4 Results

A total of 502 questionnaires were collected and, after excluding invalid questionnaires, there were 491 valid questionnaires, giving an effective response rate of 97.81%.


4.1 Demographic characteristics

Out of the 491 older adult cases, 225 (45.8%) were male and 409 (83.3%) were married. The participant’s mean age was 70.51 (SD = 7.022) years. With regards to educational level, 159 (32.4%) had primary school education or below, 139 (28.3%) had junior high school education, 103 (21%) had high school education, and 90 (18.3%) had a bachelor’s degree or higher. In terms of self-assessment of their health, 191 (38.9%) of the older adult rated their health as “very good”, 268 (54.6%) as “fair”, and only 32 (6.5%) as “poor”. 452 (92.1%) of the older adult were fully capable of self-care, while 37 (7.5%) were partially capable. Among the older adult, 176 (35.8%) suffered from one chronic disease, 77 (15.7%) suffered from two chronic diseases, and 39 (7.9%) suffered from three or more chronic diseases simultaneously.



4.2 Family status

Regarding the number of children, the majority of older adult people (43.8%) had only one child. 35.2% of older adult people had two or more children, while 18.5% had three or more children. Only 2.4% of older adult people had no children. 12.6% of the older adult population live alone. Out of the total number of older adult individuals, 161 (32.8%) were cared for by their spouses, 19 (3.9%) were cared for by their children, 6 (1.2%) were cared for by babysitters or caregivers, and the remaining individuals took care of themselves. Regarding family harmony, 438 (89.2%) of the older adult had a harmonious relationship with their family members, 48 (9.8%) had an average relationship, and 5 (1.0%) had an inharmonious relationship.



4.3 Economic situation

Only 56 individuals (11.4%) remained employed. The majority of older adult individuals (73.5%) relied on pensions as their primary source of income. Additionally, 33 (6.7%) received income from work, 16.1% from child support, and only 3 (0.6%) from social assistance. The proportion of older individuals with a monthly income exceeding $4,000 was highest at 55.8%, and 136 (27.7%) had a monthly income between $2,000 and $4,000. The majority of older people reported having a stable income. Only 43 (8.8%) described their income as average, 8 (1.6%) as relatively unstable, and just 4 (0.8%) as unstable. Of the respondents, 26.5% had professional or government occupations, 23% were company employees, 22.6% were workers, and 15.3% were employed in agriculture. 32.4% of respondents reported being very satisfied with their income, while 41.3% reported being relatively satisfied. 18.9% of the respondents considered their income to be average. Only 5.5 and 1.8% were relatively dissatisfied and very dissatisfied, respectively. In addition, 54.8% of the older adult believed that their current income was sufficient for their needs in old age. Meanwhile, 35.0% believed it barely met their needs, and 4.5% believed it did not meet their needs. Of the older people surveyed, 35.6% believed their savings or pension would meet their future retirement needs, while 45.8% thought it would barely suffice. Furthermore, 22.2% of respondents indicated a preference for continuing to perform simple tasks for as long as their physical condition permits, while 48.5% would not.



4.4 Cognitive status

Of the older adult participants, 63.5% reported never feeling worried about their lives, 31.4% reported feeling worried at times, and only 5.1% reported feeling worried a lot. Regarding loneliness, 77.3% reported never feeling lonely, 18.7% reported feeling lonely occasionally, and only 5.3% reported feeling lonely often. Regarding satisfaction with the current mode of aging, 44.6% of respondents reported being more satisfied, 37.7% reported being satisfied, 15.3% considered it to be average, and only 2.2% reported being more dissatisfied. The vast majority of older people age within a family-based context (98.2%). Of those, 81.3% believe that family-based aging is the optimal mode of aging, while only 4.5% believe that mutual support is the superior option.



4.5 Status of social participation and social support

Out of the older people surveyed, 11.6% reported having many individuals with whom they could participate in mutual support, while 18.5% reported having one such person. The majority, 69.9%, reported having no one with whom they could participate in mutual support. Additionally, 65.2% of older individuals reported engaging in aging activities with groups or individuals. Regarding neighborhood relations, 49.5% of respondents reported getting along very well with their neighbors, 48.7% reported getting along relatively well, and only 1.8% reported having poor relations with their neighbors. Concerning the well-being of older individuals, 135 (27.5%) respondents reported that the community was often concerned, 242 (49.3%) reported occasional concern, and 114 (23.2%) reported that the community was never concerned with their living situation. In the survey, 32.6% of older adult participants reported that they would first turn to their spouses in case of difficulties. Meanwhile, 51.1% stated that they would first turn to their children or grandchildren, and only a small minority (3.3%) would choose to turn to relatives, friends, or neighbors. The frequency of community-organized activities varied among the surveyed older people, with 17.5% indicating frequent organization, 44% occasional organization, and 38.5% reporting no organization. Regarding participation in community activities, 12.6% of older individuals reported frequent participation, 34.0% reported occasional participation, and 53.4% reported never participating. In terms of satisfaction with public facilities in the community, 66.6% of the older adult expressed relative satisfaction, while 27.5% reported general satisfaction. The publicity for mutual support retirement communities is inadequate. Only 4.7% of older persons reported vigorous publicity in the community, while 77.8% reported no publicity.



4.6 Status of participation in mutual support for the older adult

According to the survey, 70.3% of the older adult population reported no awareness of mutual support, 26.7% were somewhat aware and only 3.0% were quite aware. The primary sources of information on mutual support in old age were television, mobile phones, and computers (56.2%). More than half of the older adult population surveyed expressed willingness to accept help from others (53%). The main reasons for their willingness to accept help from older individuals were trust (34.0%), poor health (25.6%), loneliness (15.6%), financial insufficiency (5.7%), and other factors. They were more likely to accept these projects such as emotional comfort such as talking and chatting (51.1%), help with daily living (16.0%), and basic rehabilitation and care (9.5%). However, 47% of older people were unwilling to accept help from others. The main reasons for this were poor health (43.7%), lack of understanding of such services (23.1%), and lack of trust in others (14.8%). Of the older people surveyed, 70.3% stated their willingness to help others in their age group. Specifically, 55.1% were willing to provide emotional support through conversation, while 18.0% were willing to assist with daily activities. The primary motivation for this willingness to help was a desire to support one another, with 80.3% citing this as their reason. However, 29.7% of respondents were not willing to help, with poor health (43.7%) and lack of knowledge about available services (23.1%) being the most common reasons. 76.4% of older individuals expressed willingness to participate in mutual aid for the older adult, while only 23.6% were unwilling. The majority (70.3%) of older individuals prefer the government to lead the mutual aid model for the older adult.



4.7 Univariate analysis of factors influencing willingness to participate in mutual support among older adults

The χ2 test results indicate that various factors influence the willingness of the older adult to participate in mutual support in old age, such as whether the individuals are aware of mutual support in old age, whether or not living alone, whether they have a group or individual who does activities together in old age, whether they have a cordial relationship with their neighbors, how well the community cares for their lives, the frequency of community-organized activities for the older adult, how often they participate in community-organized activities for the older adult, how satisfied they are with the community’s public facilities, whether willingness to accept help from other older adult people, and whether willingness to help others, p < 0.05 (as shown in Table 1; Figure 1).



TABLE 1 Univariate analysis of factors associated with willingness to participate in mutual support among older adults (n = 491).
[image: Table displaying survey results on social support for older adults. Variables include knowledge of mutual support, living alone, availability of activities, relationships, community concern, activity frequency, facility satisfaction, and willingness to seek or offer help. Categories are divided into "Yes" and "No" responses, with p-values indicating significance.]

[image: Bar chart comparing responses to various questions about support for the elderly. Blue bars represent "Yes" responses, and orange bars represent "No" responses. Categories include knowledge of mutual support, living alone, availability of activities, relationships with neighbors, community concern, frequency of organized activities, satisfaction with public facilities, and willingness to help or accept help. Notable figures: 334 "No" for living alone, 307 "Yes" for willingness to help others, and 261 "Yes" for satisfaction with public facilities.]

FIGURE 1
 Comparison of willingness to participate in mutual support among older adults across different factors (n = 491).




4.8 Binary logistic stepwise regression analysis of willingness to participate in mutual support for the older adult

Independent variables in a binary logistic stepwise regression model contained factors with statistically significant results in the univariate analyses. The study found that older individuals in the community who frequently organize activities for the older adult (OR = 2.688), occasionally participate in community-organized activities for the older adult (OR = 1.939), are willing to accept help from other older individuals (OR = 3.018), are willing to provide help to other older individuals (OR = 5.288), and do not live alone (OR = 2.098) are more likely to participate in mutual aid for the older adult (Table 2).



TABLE 2 Binary logistic stepwise regression analysis of willingness to participate in mutual support for the older adult (n = 491).
[image: A table presents logistic regression results for factors affecting older adults. Variables include community activity participation, willingness to accept or offer help, and living conditions. Columns show coefficients (B), standard errors, Wald chi-square values, odds ratios, and confidence intervals. Notable findings are increased odds of helping others and accepting help, with odds ratios of five point two eight eight and three point zero one eight, respectively.]




5 Discussion

In terms of socio-demographic data, 83.3% of respondents indicated that they were married, a figure that is similar to the results of the survey in other regions of China (29). However, it is generally higher than the results of the community cross-section survey in Italy (49%) (30), Iran (63.2%) (31), Thailand (53.1%) (32), Saudi Arabia (61.3%) (33), and Turkey (68.1%) (34). This discrepancy may be related to the influence of traditional Chinese ideology and cultural values. The literacy level is 67.6%, which is similar to the survey results of 34 cities in 20 provinces in China (66.5% in junior high school and above) (29). It is higher than the survey results of Italy (51.9%) (30) and Turkey (17.8%) (34), and lower than those of Japan (80.4%) (34) and Iran (77.7%) (31). The primary source of income is pension (73.5%), which is higher than the survey results from seven European countries (Germany, Greece, Italy, Lithuania, Portugal, Spain, Sweden) (65.8%) (35). This may be attributed to the fact that the surveyed area is a special economic zone in China and that the majority of older individuals who settled in Xiamen during their early years have had gainful employment and are thus eligible for a pension. However, as these studies only sampled selected cities and populations, their representativeness is limited and the results can only be used as a reference point.

The development of a mutual support model for aging in the community not only alleviates the current situation of inadequate social resources for aging but also provides an important way for groups of older people to realize their self-worth. Mutual support in old age is an important transitional mode in the transformation from the family model of old age to the social model of old age, and can effectively address the realities of the dilemma and provide a useful complementary mode (36).

The study results indicate that only 3.0% of older individuals reported having a good understanding of mutual support in old age, while as many as 70.3% of older individuals in the community had no knowledge at all about mutual support in old age, which is similar to the findings in Guangdong Province (68.69%) (37). The statement implies that the older adult community in Xiamen has not yet embraced mutual support in old age to the desired extent and that the level of awareness among the older adult still needs to be improved. This may be due to the lack of relevant policy support and insufficient social publicity. The survey indicates that the older adult primarily learn about mutual support through media channels such as television, mobile phones, and computers. Therefore, it is recommended to strengthen publicity and education on mutual support for the older adult to enhance their awareness and understanding of this concept. In addition to traditional media like television and mobile phones, it may be beneficial to utilize various channels such as community radio, activity centers for the older adult, health talks, and community volunteers to hold regular lectures and training courses on mutual care for the older adult. These channels can also be used to organize experiential activities on mutual support for the older adult and to encourage the participation of older adult persons in mutual support projects. This will enhance the understanding of the older adult about mutual support and their willingness to participate in such projects. 70.3% of the older adult hope that the government will take the lead in the model of mutual support for the older adult. The intricate and multifaceted nature of the process of fostering mutual support and care for the older adult necessitates the implementation of a comprehensive strategy at the governmental level. If the provision of older adult care services is left to the private sector without the input and support of the government, the range of services available will be quite limited. Thus, the government should play a policy guiding and safeguarding role in this regard, provide legal and institutional safeguards for older adult mutual support, strengthen the construction of older adult care infrastructure, and create a favorable atmosphere for older adult mutual support. Secondly, to promote the sustainable and healthy development of mutual care for the older adult, it is necessary to improve the incentive mechanism. Mutual support cannot rely solely on the unpaid voluntary service model. Voluntary service providers must have a relatively high level of morality and trust. However, in China’s current social context, it is difficult to sustain this model for a long period (38). Therefore, we can learn from the “time bank” model, where service hours can be converted into points that can be exchanged for commodities or corresponding services. This can help the older adult recognize that the costs they have paid can be rewarded accordingly, stimulating their endogenous motivation and enthusiasm to participate in mutual support for the older adult (39). Senior Mutual Support Digital Platform can be utilized by grassroots party organizations as a platform for operational collaboration, facilitating the harmonious integration of party organizations and residents’ community life. This is achieved through a structured approach that encompasses reasonable supervision, planning, and operation, ultimately leading to a mutually beneficial outcome.

76.4% of the older adult are willing to participate in mutual support, which is close to the results of Dong Hui’s survey in Nanchang (69.7%) (40). This study demonstrates the potential for the development of mutual support for the older adult and its promising future. However, it also highlights the urgent need for community workers to find ways to encourage the majority of older adult people in the community to participate in mutual support. The study results indicate that older individuals are more likely to participate in mutual aid for the older adult when their community regularly organizes activities for them, as found in the study by Wang Hao-Lin et al. (41). Furthermore, individuals who participate in community-organized senior activities occasionally are more willing to participate in mutual aid for the older adult than those who never participate, which aligns with Liu Huifeng’s results (42). Frequently organized community activities for the older adult can provide opportunities for communication and social interaction, deepen their knowledge and understanding of each other, and enhance their social ties and sense of belonging (43). Participation in activities can enrich the retirement life of the older adult, exercising their bodies and exchanging thoughts and emotions, which is a manifestation of active aging. Therefore, in the future, efforts should be made to strengthen community building and optimize existing community resources. This includes improving the utilization rate of unused venues and opening them up as places for mutual older adult activities. Simultaneously, it is important to organize diverse activities for the older adult to enrich their daily lives and spiritual well-being. This will fully motivate the older adult in the community to support one another, further enhance their willingness to participate, and create a more harmonious and mutually supportive community atmosphere (27).

Contrary to the results of Hao Ya Ya et al. study (44), older people living alone are less likely to participate in mutual support. This difference may be because Hao Ya Ya investigated rural older adult, while this study focused on older adult individuals in Xiamen. Urban older adult individuals who live alone may be accustomed to living independently and completing daily activities without assistance. They may prefer to remain alone and could be concerned that participating in mutual support may undermine their self-esteem and independence. Additionally, urban elders typically have higher socio-economic status and wider social networks, which may reduce their reliance on others. In the future, older adult care services should be designed to address the characteristics and needs of those living alone. More choices and support should be provided to meet their needs. Additionally, care and concern for older adult people living alone should be strengthened, and a more comprehensive social support system should be established to help them enjoy a better quality of life.

The acceptance of help from others demonstrates an individual’s willingness to receive external support and care when facing difficulties or challenges. It also reflects trust and openness to the goodwill of others. Similarly, the willingness to help others indicates an individual’s social responsibility and generosity, as well as their readiness to provide support and assistance to others. This type of mutual assistance and support not only fosters cohesion and a sense of solidarity within the community but also contributes to the development of more harmonious and stable social relations, promoting the common progress and development of the community (44).

In a survey, 70.3% of older people expressed their willingness to assist other older adult individuals. Their primary motivation was to aid one another, followed by a desire to recognize their self-worth. This percentage is higher than the results of Li Dan’s survey on the willingness of rural older people in Shandong province to help (47.9%) (45). This suggests that the willingness to help each other in old-age care is likely to be higher in an urban setting. The greater willingness of older people in urban areas to assist one another may be attributed to the advantages that urban seniors have in terms of resources, education level, social environment, and economic conditions. Since social resources are more plentiful in cities than in rural areas, older individuals in urban areas are better equipped to assist and are more inclined to do so. Furthermore, older adult individuals residing in urban areas tend to possess higher levels of education and cultural literacy. They demonstrate an increased awareness of and need for mutual support, acknowledging its significance and actively engaging in it. It is noteworthy that the willingness to assist is 5.980 times higher among those who are willing to help compared to those who are not. To further enhance the willingness of the older adult to participate in mutual support programs, the government must formulate a robust policy framework. It is essential that the government ensures the enforcement of organizational regulations and oversees the implementation of mutual assistance activities and treaties while monitoring and evaluating the quality of older adult care services. Concurrently, the enhancement of the content of mutual support services for the older adult and the provision of effective training can bolster the confidence of older individuals in their capacity to provide care for others. The provision of unpaid mutual support is predicated on a high sense of honor, responsibility, and mission. These factors can serve to motivate the older adult to participate in mutual assistance, while also enhancing their sense of belonging and engagement. The introduction of a profit-driven mechanism, such as establishing a “points bank” for mutual support services or transitioning from unpaid mutual support to “low-paid mutual support”, has the potential to motivate a greater number of older individuals to engage in mutual support activities. The promotion of altruism and the reinforcement of the emotional bond between helping others will combine the virtues of altruism and benefit, tradition and modernity, and together they will become the driving force behind mutual and selfless aid services.

53% of the older participants reported their willingness to accept assistance from other older individuals, which is lower than the results found by Wang Jing et al. (74.9%) (46). This difference may be attributed to variations in socio-cultural and community environments between the two studies, as well as the timing of the surveys. The study found that older adult individuals who were willing to accept help were primarily motivated by trust in others and poor health. Conversely, those who were unwilling to accept help cited factors such as poor health, lack of knowledge about the service, and lack of trust in others as their main reasons. The study also revealed that the willingness to participate in mutual aid for the older adult was 2.906 times higher among those who were willing to accept help from others than those who were unwilling to accept help. To enhance the propensity of older individuals to accept assistance, prospective development ought to facilitate a greater prevalence of mutual aid, thereby establishing a dense network of community connections and cultivating a convivial and harmonious community milieu. To this end, it is necessary to establish a community credit system based on the network of neighborhood acquaintances, set up an incentive mechanism for honesty and a disciplinary mechanism for breach of trust, and create a community culture of reciprocal trust (26). Concurrently, the system of record-keeping, application requirements, and time storage should be standardized, and new technologies should be employed to create a “virtual” community acquaintance environment. One potential avenue for achieving this would be the development of an online platform for credit information on mutual assistance for the older adult. Furthermore, communities must conduct regular assessments of the needs of the older adult, gain a comprehensive understanding of their actual requirements, and provide services and support that are tailored to their individual needs (28). Furthermore, awareness-raising and educational campaigns on the acceptance of assistance should be conducted to facilitate an understanding among older individuals that the acceptance of help represents a positive attitude towards life, rather than a state of dependency. This not only enhances the quality of life of older individuals but also fosters the development of deeper social ties.



6 Limitations

This study has some limitations. Firstly, the data was collected using convenience sampling, which may result in the sample being under-representative. The use of convenience sampling is contingent upon the accessibility of the researcher, which may introduce sampling bias and limit the extent to which the characteristics of the wider population are reflected. This limitation may impact the external validity of the findings, necessitating caution when interpreting and generalizing the results. Additionally, the definitions of relevant concepts in the questionnaire, such as “mutual support,” are not comprehensive, which may lead to varied interpretations among respondents and impact the clarity of the findings. Future efforts should focus on refining the questionnaire to enhance its ability to yield more objective answers. Moreover, the influence of contextual factors should be emphasized and further investigated, such as whether community size affects older adults’ willingness to participate in mutual support. Furthermore, this study primarily examined the willingness of older adults to engage in mutual support without exploring which specific types of support they prefer. Future research should include a more comprehensive survey involving participants from diverse regions to gain a holistic understanding of their needs and preferences. Finally, future studies could benefit from employing a combination of quantitative and qualitative methods to thoroughly analyze older individuals’ attitudes and needs regarding various forms of mutual support, ultimately promoting the improvement and development of services for the older adult.



7 Conclusion

The study results indicate that older individuals who reside in a community that frequently organizes activities for the older adult, occasionally participate in community-organized activities for the older adult, are willing to accept help from other older adult individuals, are willing to provide help to other older adult individuals, and do not live alone are more likely to participate in mutual support. In the future, we should focus on meeting the needs and concerns of the community to formulate more targeted policies and measures. Additionally, we need to increase awareness and promotion of mutual support for the older adult in the community and organize more community activities to guide the awareness of mutual support. In addition, the government and community organizations should play a role in guiding policies and providing safeguards. They should improve the incentive mechanism and establish legal and institutional safeguards for mutual support for the older adult, promote the sustainable and healthy development of mutual support for the older adult, and build a healthier and more active community of mutual support for the older adult to improve the quality of life and sense of well-being of the older adult. The findings of this study are subject to certain constraints, given the variability in policy, environment, and human factors across different locations. Consequently, future initiatives should adopt a targeted approach, aligning strategies with the distinctive characteristics of each region.
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Background: The older population in Bangladesh is growing rapidly, from 8.0% in 2020 to 22.0% in 2050. However, the determinants of active aging are scarcely known.
Objective: The study aimed to assess the determinants influencing the active aging situation in Bangladesh.
Methods: A cross-sectional study was conducted among 518 older adults aged 60 and over. Following the WHO active aging model, the respondents’ socio-demographic, personal, behavioral, and physical environment and health and social services characteristics were collected using a semi-structured questionnaire. Multiple linear regression was performed to assess the effect of the determinants on active aging, followed by the bivariate level of analysis.
Results: The determinants of active aging were deeply rooted in the respondents’ socio-cultural, economic, and spatial conditions. Nine out of 23 determinants, like marital status, income, decision-making capacity, regular walking/physical exercise, smokeless tobacco consumption, newspaper reading as a leisure activity, use of medicine, and health service accessibility, significantly influence active aging. The active aging score was 10–15% higher among the respondents who regularly adhered to the above determinants.
Conclusion: Effective initiatives are needed to improve the socio-cultural, economic, and health system-related determinants of active aging to enhance the active aging situation. Concerned bodies of the country, ministries, departments, and development partners should take appropriate measures to increase awareness and the participation of people in lifestyle-related determinants to improve the active aging situation in the country.
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Introduction

Population aging is a major global trend that impacts all countries at different rates and levels (1). The number of people aged 60 years and over worldwide was projected to grow from 901 million in 2015 to 2.1 billion by 2050 (2). Population aging is a global phenomenon that requires action at the international, national, regional, and local levels (3).

In Bangladesh, the population aged 60 years and over has risen from 7.7% in 2015 to 9.5% in 2023 (4), with the country’s increasing life expectancy from 57.5 in 1990 to 72.3 in 2023 (4, 5). It has one of the world’s largest older populations and is expected to double from 2001 to 2025. By 2025, one in ten people in Bangladesh will be older adults, increasing to one in five by 2050 (6). The aging population will impact health status, the healthcare system, economic growth, labor markets, consumption, savings, investment, pension, and intergenerational transfers (6, 7). Older adults are among the poorest of the poor. In developing countries like Bangladesh, demographic and related epidemiological transitions occur in the transient socio-economic contexts (8–11). Bangladesh will need more support for the increased number of older adults (12). Increasing modernization and social change contexts confront difficulties in maintaining the honor, security, and dignity of older adults in Bangladesh (13, 14).

Most older people reside in rural areas, with widespread poor health care, economic services, and work opportunities (15, 16). Bangladesh will face a major challenge in providing adequate care and support for the increasing number of older people (15, 17). In recent times, the divorce rate in Bangladesh has been increasing dramatically (18), which will raise the number of separated and lonely aged population (16, 19). Relevant research shows that 95.0% of older people have faced health problems in Bangladesh, and most of them even face multiple health complications (16, 20, 21).

The older population is the most vulnerable group in our society due to their physical weakness, disease burden, lack of job opportunities, lack of property ownership, proper health care, etc. (21, 22). The conditions of older adult women are poorer and deplorable, especially widows and older adult women without sons are suffering more from economic and health vulnerability (16). The older population is the most vulnerable group in our society due to their physical weakness, disease burden, lack of job opportunities, lack of property ownership and proper health care, etc. (20, 22). Given the high impairment rate among older adults in Bangladesh, the link between increasing life expectancy, improved health system, and active aging situation remains inconsistent. Many of the above susceptibilities and sufferings can be reduced by improving the conditions of the determinants of active aging (6).

Enhancing active aging is a global goal aimed at improving the quality of life of older adults by addressing the issues they confront (23). World Health Organization (WHO) defined active aging as “the way of thinking and working on the process of optimizing opportunities for health, participation, and security to enhance the quality of life as people age” (24, 25). Active aging has four dimensions: health, participation, security, and employment (26, 27). Active aging includes economic and non-economic aspects of life (28). The approach has emerged in recognizing older people’s human rights and the principles of the United Nations, including participation, dignity, care, and self-fulfillment (29). Following the WHO model (29), a study used eight indicators of health dimension, three indicators of participation dimension, and seven indicators of security dimension to measure active aging in Bangladesh (30). Active Aging Index (AAI) is the average of the scores of the three dimensions, which has a minimum value of 0 and a maximum value of 1 (30).

The higher score of the active aging index worldwide depends on a society’s socio-economic, personal, behavioral, and psychological determinants (31, 32). ‘Active aging’ results from a society’s socio-economic, cultural, and individual factors. So, based on the literature review, we have chosen the determinants of Active Aging. Considering the context and review of the above literature, a conceptual framework was developed, which included 23 determinants of active aging. The framework incorporated the demographic, socio-economic, personal, behavioral, physical environment, and health and social services contexts that determine the active aging outcome (Figure 1) (27). In these multidimensional determinants, achieving an active aging situation poses several challenges for governments, societies, and older adults regarding opportunities and contributions (33, 34).

[image: Diagram illustrating factors influencing active aging. Categories include socio-economic determinants (residence, education, etc.), personal determinants (age, sleep, etc.), behavioral determinants (tobacco use, diet, etc.), physical environment determinants (falls, housing), and health and social services determinants (healthcare access). These lead to health, participation, and security, culminating in active aging.]

FIGURE 1
 A conceptual framework, based on the WHO model (29), for active aging, including twenty-three determinants.


The concepts of active aging and aging in place are leading the policies and practices of gerontology to meet the diverse needs of the aging population (35). Measuring the active aging situation has become an important research issue in Bangladesh (30), India (36), Pakistan (37), Nepal (38), and 28 European Union (EU) countries (39). This research provides insights into the potential of older adults. It can inform decision-makers to improve government policy to transform the old age group into an economically active population (40). Studies reveal that the active aging level is lower for women than men in almost all countries (41, 42). In India, inactive aging is higher than active aging (27, 36). For Bangladesh, the mean active aging score level for older men and women was 0.62 and 0.66, respectively (30). Rural and urban differentials also exist in active aging situations (43). Bangladesh’s active aging score is lower than many other EU countries (44). Considering the complex multidimensionality of the issues, little is known about the active aging situation and its determinants for older adults in Bangladesh (45, 46). The rapidly changing aging issues demand more attention from researchers and policymakers to assess the context and determinants of the active aging situation for a sustainable (1) and healthy life for the older population in Bangladesh (22, 44, 47, 48). Therefore, it is essential to conduct more research to understand the determinants affecting active aging and its dimensions in Bangladesh (10, 13).



Methods and measures

A quantitative research approach was used in this cross-sectional study to determine the determinants of the active aging situation among people 60 years and over. Within the constraints of the research and simultaneously, to make the study more representative by capturing the more diverse scenario of the phenomenon, and with the suggestions of the sampling experts, this research selected two divisions for the study areas. Two divisions, districts and upazilas, were selected later randomly from the divisions. Cochran’s formula (49) was used to calculate the essential sample size for the required precision, confidence, and estimated population, as the total population was larger. The formula for sample size selection was:

[image: The formula shown is: \( n = \frac{z^2 \times p \times q}{d^2} \times df \).]

where n = sample size; z = z value for the confidence level (e.g., 1.96 for 95% confidence level); p = proportion of the phenomenon under study; q = 1-p = 0.92; d = desired accuracy level, 0.03; df = design effect. The study adopted p = 0.08 as the proportion of older people in Bangladesh was 8.0% (50), and the desired level of precision in the sample was 3.0%. As multistage sampling strategies were used to select the study areas, the design effect was set at 1.65, and thus, the calculated sample size was 518. The probability proportionate sample (PPS) technique was used to distribute the number of samples between the study areas (Table 1). A list of people 60 years and over was prepared, and the sample was selected systematically after every two households.



TABLE 1 Distribution and flow chart of the randomly selected study areas and sample size.
[image: A five-stage table shows data collection in Dhaka and Rangpur divisions. Stages cover Division, District, Upazila, Union (Rural), and Ward (Urban). Dhaka: Savar Upazila, Birulia Union (141 samples), Birulia Paurashava Wards 6, 7 (116 samples). Rangpur: Pirgonj Upazila, Raypur Union (143 samples), Raypur Paurashava Wards 2, 5 (118 samples). Totals: 284 rural, 234 urban samples.]

A semi-structured interview schedule was used for this face-to-face interview to obtain primary data on the socio-economic, personal, behavioral, lifestyle, and health-related twenty-three determinants of active aging. Ethical clearance was obtained from the concerned body, and informed consent was obtained from the respondents. With the help of three trained research assistants (RAs), data were collected from the respondents aged 60 years and over from October to December 2019. The researcher, in person, trained the research assistants (RA) about the research objectives, questions, concepts, wording of the questions, and study settings in detail. RAs participated in pretesting the questionnaire. The RAs stayed in the field with the researcher and collected data through face-to-face interviews. Data were analyzed using univariate and multivariate statistics. The included independent variables for the study (Figure 1) were quantitative, and responses were either dichotomous or continuous, and the dependent variable ‘active aging’ was continuous. The respondents’ responses for each indicator in each dimension of active aging were added to create the composite index for each active aging dimension (30). A multiple linear regression technique was used to assess the effect of the determinants on active aging. SPSS version 18.0 was used to analyze the data. More details of the construction of the AAI can be found in the authors’ earlier paper on Active Aging (30).


Results of the study

Table 2 shows the socio-demographic characteristics of the respondents. Five hundred eighteen respondents were interviewed; 265 were men, and 253 were women. The majority (64.5%) of the older adults were young-old (60–69 years), and 23.5% were middle-old (70–79 years). About 91.0% of the respondents were Muslim, 7.9% were Hindu, and 1.2% were Christian. About 55.0% of the respondents were from rural areas, 45.2% were from urban areas, and 71.2% were married. About 59.0% of the respondents had no formal education, 61.6% had limited income, 67.0% were household heads, and 73.6% were involved in household decision-making.



TABLE 2 Socio-demographic characteristics of the respondents.
[image: Table displaying demographic and socioeconomic characteristics. It includes categories such as age, sex, religion, residence, marital status, education, income, household headship, and decision-making ability. Frequencies and percentages are provided for each category. Notably, the majority are young-old, male, Muslim, reside in rural areas, currently married, have no education, possess income, are household heads, and have decision-making ability. Source: Primary data analysis.]

Following the physical environment, 68.5% of respondents opined that they had better housing status, 86.1% had a separate room, and 27.4% perceived that they had fallen in old age. Regarding health and social services, 60.0% said that health services were available but not accessible (52.5%). Only 15.0% of the respondents reported getting an old age allowance (Table 3).



TABLE 3 Physical environment, health, and social services characteristics of the respondents.
[image: Table displaying characteristics related to housing and services for the elderly. It compares frequencies and percentages of respondents' access to better housing, separate rooms, falls in old age, health service availability and accessibility, and old age allowance. The "Yes" and "No" columns provide the data. Source: Primary data analysis.]



Determinants of active aging situation

Table 4 shows that males (0.64), young-old (60–69) (0.61), those who are currently married (0.61), residing in urban (0.63) areas, have higher education (0.63), access to income (0.63), still household heads (0.64), and decision-making capacity (0.64) had a higher mean score of AAI than other groups.



TABLE 4 Active Aging Index (AAI) by socio-demographic characteristics of the respondents.
[image: Table displaying the Active Ageing Index (AAI) across various characteristics. Variables include sex, age, marital status, residence, religion, education, income, household headship, and decision-making ability, with corresponding frequencies, AAI mean values, and p-values. The highest AAI is associated with males, urban residents, those with education, income, household headship, and decision-making ability. P-values indicate significance for all except religion. Data source is primary data analysis.]

Around 60.0% of the respondents were satisfied with their lives, 37.5% had sufficient sleep (eight hours or more), 45.6% could not consume a balanced diet, and only 24.3% had regular walking as exercise. Most of the older adults (65.0%) were used to smokeless tobacco consumption. Following leisure activities, 45.4% used to watch television, and 8.3% had the habit of newspaper reading. Only 41.1% conform to regular medicine use. The mean scores of active aging were found to be higher among the respondents who had higher personal factors such as perceived life satisfaction (0.64) and sleeping hours more than 8 h (0.65) compared to those who were not satisfied (0.59) and slept less than 8 h (0.59). Similar to personal characteristics, mean scores of active aging were found to be higher for behavioral traits such as older adults having a balanced diet (0.64), practicing regular morning walking (0.65), avoiding tobacco consumption (0.64), watching television (0.65) and reading a newspaper as leisure activities (0.73), regular medicine use (0.59) compared to who did not (Table 5).



TABLE 5 Respondents by the determinants (personal and behavioral) of the Active Aging Index (AAI).
[image: A table presents determinants of the Active Aging Index (AAI), including perceived life satisfaction, duration of sleep, balanced diet consumption, regular walking as exercise, smokeless tobacco consumption, TV watching as a leisure activity, newspaper reading, and regular medication use. Each determinant lists frequency percentages, mean AAI values, and p-values, illustrating their statistical significance. Notably, satisfied individuals and those with over eight hours of sleep show higher AAI values. The source notes primary data analysis and authors' earlier work on Active Aging.]

Respondents’ active aging condition varied by physical environmental characteristics, including having better, adequate housing status and separate rooms, not being perceived as falling into older age, having availability and accessibility to health services, and getting an old age allowance (Table 6).



TABLE 6 Physical environment, health, and social services characteristics of the respondents by AAI.
[image: Table showing the impact of various determinants on the Active Aging Index. Determinants include housing status, having a separate room, falls in old age, health service availability and accessibility, and receiving an old age allowance. Frequencies, Active Aging Index mean values, and p-values are listed for each determinant, indicating statistical significance, with all p-values being significant (0.000 to 0.035).]

Figure 2 presented the regression standardized residual, and Figure 3 presented the normal P-P Plot regression standardized residual.

[image: Histogram displaying the frequency distribution of the dependent variable AAI, overlaid with a normal distribution curve. The x-axis ranges from -3 to 3, and the y-axis represents frequency, peaking just above 50. The mean is approximately zero, with a standard deviation of 0.976 and a sample size of 488.]

FIGURE 2
 Regression standardized residual. Source: Primary data analysis.


[image: Q-Q plot showing the relationship between observed cumulative probability and expected cumulative probability for the dependent variable AAI. The points mostly follow a diagonal line from the bottom left to the top right, indicating a normal distribution.]

FIGURE 3
 Normal P–P plot regression standardized residual. Source: Primary data analysis.


The result of the multiple linear regression model shows that even after controlling all the variables, marital status (AOR = 0.197, 95% CI: 0.018–0.105), income (AOR = 0.121, 95% CI: 0.002—0.042), decision-making ability (AOR = 0.110, 95% CI: 0.001—0.074), regular walking/physical exercise (AOR = 0.120, 95% CI: 0.005—0.067), smokeless tobacco consumption (AOR = −0.110, 95% CI: −0.061— −0.005), newspaper reading (AOR = 0.113, 95% CI: 0.004—0.094) as leisure status, use of medication (AOR = −0.172, 95% CI: −0.076—−0.023), and health service accessibility (AOR = 0.161, 95% CI: 0.015—0.076) had significant effect on the mean score of active aging (Table 7).



TABLE 7 Determinants associated with active aging.
[image: Table showing socio-demographic, personal, behavioral, and physical determinants with adjusted odds and 95% confidence intervals. Factors include sex, age, marital status, and more. Significant determinants are marital status, religion, income, and decision-making ability in socio-demographics; regular exercise, smokeless tobacco use, and newspaper reading in personal behaviors; and medication use and health service accessibility in physical determinants.*]




Discussion

This research is one of the very first of its kind in Bangladesh, where behavioral, health, and physical determinants were assessed, and the effects of different socio-demographic, economic, health, personal, behavioral, and physical determinants were evaluated to know the active aging situation of the country. Developed and developing countries have insisted on studying active and healthy aging situations. However, there is a scarcity of research on active aging in Bangladesh (46). The calculated active aging score for rural males and females was 0.65 and 0.58, respectively. For urban males and females, it was 0.65 and 0.57, respectively (46), which is very low compared to many European and East Asian countries (44). The construction of active aging using WHO models and identifying the effects of the determinants on the active aging situation was a unique initiative in Bangladesh, which was earlier applied to other countries’ situations (23, 42). The constructed determinants framework for assessing the active aging situation was new for the country.

The active aging score is influenced by various individual, familial, societal, and national levels determinants (29). In Bangladesh, demographic and socio-economic factors also differentiate active aging, and the findings showed that active aging was higher among young-old people, corroborated by another study (51). Following the findings, it was found that the active aging score was higher among males than females (52), older adults living in urban areas (23), and those who had income and family decision-making abilities (53). Similarly, personal and behavioral characteristics were linked to active aging situations, and the findings were also consistent with those of other studies (54–57). The score for active aging also differed regarding the respondents’ physical environment, health, and social service characteristics, corroborating another study (57).

Considering the global impact of population aging, the United Nations General Assembly declared 2021–2030 as the ‘Decade of Healthy Ageing’ (58, 59). The focus on active aging was growing and was included in the healthy aging umbrella with other important issues of this rights-based approach (60), like no one left behind (61) and social safety net programs for all (62). Active aging issues are broadly circulated in academic, social, political, and media (62). As part of the concern, the findings show insufficient research and contextual evidence on the reality of active aging in Bangladesh. This primary research and its findings reveal the first evidence of systematically identifying the reality of the determinants of the active aging situation in Bangladesh. The study identified, field-tested, and found the significant effects of nine determinants on the active aging index. These determinants are marital status, income, decision-making ability, regular walking/physical exercise, smokeless tobacco consumption, newspaper reading as leisure status, use of medication, and health service accessibility, and they have similarities with the aging situation of other countries (63). Recognition of all the factors may create opportunities for researchers and policy makers to improve active aging situations across different communities and nations.

Findings showed that many socio-demographic, economic, personal, and behavioral determinants are interrelated (31). For example, higher income and education may affect diet, physical exercise, and safe living (45). This inter-relationship between the determinants needs to be accounted for when measuring active aging situations (45). People may value a particular factor more in a given context and culture. It implied that the active aging situation is not isolated from context or static (31). Therefore, a successful measure of active aging situations needs to assess all the known determinants and comprehend the value and importance the individual attaches to each determinant at the individual and community levels (64, 65). The study gained its strengths by introducing an initiative to identify the effect of the determinants on the active aging domains and developing tools for field data collection, which will significantly help future researchers (32).

The study also framed future research directions for assessing active aging situations. Although this study’s cross-sectional methodology allowed for describing relationships between numerous indicators and active aging scores, causal implications cannot be reached. A longitudinal study would be more instrumental in assessing the factors influencing the active aging situation. More qualitative research helps better understand the aspects of active aging. This study did not include older people with psychiatric problems, but they should be included in future studies. Considering the context and reality of a society, different instruments may be used to measure the active aging situation (57).

This study included respondents from only selected rural and urban areas. Thus, further research may be required to generalize the other parts. Furthermore, applying and measuring the WHO policy framework of active aging in Bangladesh to analyze the determinants is quite complex and challenging to quantify in a direct measure. Consequently, some proxy indicators were taken into account.



Conclusion

From the perspective of the continuous growth of older people, ensuring active aging is critical. Determinants of active aging should be considered to enhance the overall wellbeing of older people. Identified determinants can guide policymakers on where to focus and how strategies and action plans must be revisited. Immediate attention is required to improve every aspect of active aging. Based on the identified determining factors of active aging, appropriate programs should be formulated and implemented to increase future active aging levels of the country and countries with similar socio-economic settings. Countries should regularly assess the situation of the active aging determinants to ensure the overall level of active aging and help achieve transformative, inclusive, and sustainable development outcomes. Future studies should include a broader geographic range and a larger, more diverse sample for greater generalizability. Moreover, a follow-up longitudinal study could explore causal relationships and the evolution of active aging determinants over time. Future research may also incorporate older adults with psychiatric and cognitive impairments to provide a more holistic perspective. Actionable strategies such as income-generation programs or community-based health interventions should be taken for the improvement of AAI. The study findings may serve as a benchmark for future research on active aging in similar socio-economic settings.
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Objectives: Evidence on the combined effect of sleep duration and activities of daily living (ADL) on depressive symptoms is scarce. This study aimed to explore the interaction effects between sleep duration and ADL limitations on depressive symptoms among Chinese individuals aged ≥45 years.
Methods: Data were extracted from the China Health and Retirement Longitudinal Study (CHARLS) wave 2020. Sleep duration was self-reported. The Center for Epidemiological Studies Depression Scale and a 12-item scale were employed to estimate depressive symptoms and ADL limitations, respectively. Logistic regression analysis was conducted to examine the interaction effects between sleep duration and ADL limitations on depressive symptoms.
Results: Logistic regression found that short sleep (OR = 1.69, 95% CI: 1.57–1.83), long sleep (OR = 0.87, 95% CI: 0.79–0.95), and ADL limitations [basic activities of daily living (BADL), OR = 1.82, 95% CI: 1.66–2.01; instrumental activities of daily living (IADL), OR = 1.88, 95% CI: 1.71–2.07] were associated with depressive symptoms. Furthermore, synergistic interaction effects on the depressive symptoms risk were identified between short sleep and IADL limitations (RERI = 1.08, 95% CI: 0.57–1.59) or BADL limitations (RERI = 1.13, 95% CI: 0.60–1.65). Conversely, antagonistic interaction effects were observed between long sleep and IADL limitations (RERI = 0.88, 95% CI: 0.39–1.38) or BADL limitations (RERI = 0.76, 95% CI: 0.25–1.27) on depressive symptoms.
Conclusion: The study revealed significant interactions between sleep duration and ADL limitations on depressive symptoms, suggesting that enhancing ADL’s function and ensuring adequate sleep duration could effectively prevent depressive symptoms.
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1 Introduction

Depression is a common mental disorder, characterized by a low mood or the loss of pleasure in activities for a long period (1). Globally, approximately 280 million individuals suffer from depression (1), with an estimated 41.01 million affected in China, ranking as the second highest number worldwide (2). It is projected that depression will be the leading global disease burden by 2030 (3). Depression can interfere with daily life (1), lead to illnesses (e.g., diabetes, cardiovascular disease, disability, etc.) (4, 5), and even increase the premature mortality risk (6). Depressive symptoms, as an early sign of depression (7), encompass a range of emotional and physical symptoms that may not meet the full criteria for diagnosing depression (8). Current research has shown that the prevalence of depressive symptoms among Chinese middle-aged and older individuals has escalated to 37.62% (9), posing a tremendous burden on families and society. Thus, early identification of risk factors for depressive symptoms is imperative for preventing and delaying depression (10). Recent systematic review (11) and meta-analysis (12) have highlighted several modifiable risk factors associated with depressive symptoms, including lifestyle behaviors (e.g., physical activity), physical health-related conditions (e.g., chronic disease and activities of daily living), and psychosocial factors (e.g., social support). Among these, activities of daily living have been recognized as a crucial factor, garnering considerable attention from scholars (11, 12).

Activities of daily living (ADL) refer to an individual’s daily self-care activities, categorized into basic activities of daily living (BADL) and instrumental activities of daily living (IADL) (13). BADL includes fundamental skills necessary for managing one’s basic physical needs (e.g., dressing, bathing, and eating); whereas IADL involves more complex tasks in the community (e.g., doing housework and cooking) (13). In recent years, accumulating longitudinal studies have examined the association of ADL with depressive symptoms, finding that more severe ADL limitations predicted a higher risk of depressive symptoms (14, 15). This suggests that ADL has become a significant predictor of depressive symptoms (16). A plausible explanation is that ADL limitations act as psychological stressors by restricting individuals’ independence in self-care (15) and social relationships (14, 15), ultimately resulting in the onset of depressive symptoms (15, 17). Furthermore, depressive symptoms can, in turn, aggravate ADL limitations (18), potentially creating a vicious circle.

Sleep is a fundamental behavior essential for physical health and cognitive function, characterized by specific brain electrical activity that undergoes predictable changes across the lifespan (19). Considerable evidence has demonstrated that sleep duration was correlated to numerous health problems, such as metabolic syndrome (20), cancer (21), and suicidal behavior (22). However, the relationship between sleep duration and depressive symptoms remains unclear, with numerous studies yielding inconsistent results (23–27). Some studies have indicated that both shorter and longer sleep increased the risk of depressive symptoms among middle-aged and older individuals, showing a U-shaped relationship (23, 24). Others have shown that only short sleep is significantly associated with depressive symptoms (25, 26). However, a 4-year longitudinal study found that long sleep could reduce the risk of depressive symptoms (27). In view of this, the relationship between long sleep and depressive symptoms warrants further exploration.

In summary, mounting studies have delved into the independent associations of sleep duration and ADL with depressive symptoms. Few studies have examined the combined effects of sleep duration and ADL limitations on depressive symptoms and their potential mechanisms. To date, one cross-sectional study identified a multiplicative interaction between sleep duration and ADL limitations on depressive symptoms (28). However, it did not address the additive interaction, which could provide a different perspective on the cumulative effects of these factors on depressive symptoms. Given this gap in the literature, the present study aimed to investigate the additive interaction effects of sleep duration and ADL limitations on depressive symptoms, potentially providing valuable insights into prevention and intervention strategies.



2 Materials and methods


2.1 Study population

This study used data from the China Health and Retirement Longitudinal Study (CHARLS). The CHARLS is a nationally representative longitudinal study targeting individuals aged ≥ 45 years in China, aimed at establishing a high-quality public database. The data collected covers various dimensions relevant to aging research, including socioeconomic status, health conditions, and other aspects. The baseline national survey was conducted in 2011, followed by regular follow-up survey in 2013, 2015, 2018, and 2020. The retention rates in each follow-up survey were above 86%. For a detailed description of CHARLS, additional information can be found on the project’s official website: http://charls.pku.edu.cn/.

The present study is based on the latest data collected in 2020, which included 19,395 participants in total. After excluding participants with missing data on basic demographic information (n = 692), depressive symptoms (n = 3,016), and sleep duration (n = 176), a final sample of 15,511 participants was included in the analysis.



2.2 Assessment of depressive symptoms

Depressive symptoms were estimated using the 10-item Center for Epidemiological Studies Depression Scale (CES-D). This tool is designed to assess a person’s mood and behavioral patterns related to depressive symptoms in the past week, which has demonstrated good reliability and validity in China (29). Each item is scored on a four-point scale ranging from 0 (rarely or none of the time) to 3 (mostly or all the time), with a total score ranging from 0 to 30 points. A higher score indicates more severe depressive symptoms. According to previous studies (30), participants with a score of 10 or higher were classified as exhibiting depressive symptoms in this study.



2.3 Assessment of ADL

The assessment of ADL was conducted using a 12-item scale, including six items of BADL (i.e., dressing, bathing, eating, getting into and out of bed, toileting, and controlling urination and defecation), and six items of IADL (i.e., doing housework, cooking, shopping for groceries, making phone calls, taking medicines, and managing finances). Each item offers four options: (1) no difficulty, (2) difficulty but can still complete, (3) difficulty and need help, and (4) unable to complete. Participants who had difficulty or were unable to perform one or more of the six items of BADL were classified as BADL limitations in this study. The same criteria were applied to determine IADL limitations.



2.4 Assessment of sleep duration

Sleep duration was assessed using a self-reported questionnaire that included the following sleep-related questions: “During the past month, how many hours of actual sleep did you get at night (average hours per night)? This may be shorter than the number of hours you spend in bed.” Based on prior studies (26, 31, 32), a daily sleep duration of 6 to 8 h per night is recommended for Chinese middle-aged and older individuals. Therefore, sleep duration was categorized into three groups: short sleep (<6 h), normal sleep (≥6 h and < 8 h), and long sleep (≥8 h).



2.5 Covariates assessment

The covariates encompassed demographic data, such as age (45–59 years, ≥60 years), gender (male, female), marital status (married, others including divorced, widowed, separated, and never married), residence (urban, rural), education level (primary school or below, secondary school, senior high school or above). Additionally, behavioral factors were collected, including smoking status (never smoked, currently smoking, former smoker), alcohol consumption frequency (>1 time per month, <1 time per month, no consumption), and the number of chronic diseases reported (0, 1, 2, and ≥ 3). The current study controlled potential confounders in the analysis. Model 1 was a crude model. Model 2 adjusted for age, gender, residence, marital status, education level, smoking history, alcohol consumption, and number of chronic diseases.



2.6 Statistical analysis

Statistical analyses were conducted using SPSS 25.0 software, with a significant level of p < 0.05. Categorical variables were represented by frequencies and percentages. The baseline characteristics of participants were assessed using χ2 tests, categorized by the presence of depressive symptoms. To evaluate the associations of sleep duration, ADL limitations, and depressive symptoms, binary logistic regression was performed. Additionally, both multiplicative and additive interactions between sleep duration (short and long sleep) and ADL limitations (including IADL and BADL limitations) were examined in relation to depressive symptoms. Multiplicative interactions were quantified through the ratio of odds ratios (ORs) for the product terms, while additive interactions were assessed using the Excel calculation table, compiled by Andersson et al. (33), which calculated the relative excess risk due to interaction (RERI), the attributable proportion due to interaction (AP), the synergy index (S), ORs, and their corresponding 95% confidence intervals (95% CIs). An additive interaction was indicated when 95% CIs of RERI and AP excluded 0, and 95% CI of S excluded 1. Specifically, a synergistic interaction was suggested when RERI >0, AP > 0, and S > 1. Conversely, an antagonistic interaction was indicated when RERI <0, AP < 0, and S < 1. Subgroup analyses were performed based on age and gender. Finally, sensitivity analysis was performed regarding “long sleep” (≥ 9 h), defined in other literature (34, 35), to ensure the robustness of the results.




3 Results


3.1 Characteristics of all participants

As shown in Table 1, a total of 15,511 participants were included in this study, of whom 7,017 (45.2%) experienced depressive symptoms, 5,474 (35.3%) reported short sleep, and 3,364 (21.7%) reported long sleep. Additionally, 3,122 (20.1%) had BADL limitations, and 3,196 (20.6%) had IADL limitations. Chi-square tests revealed that compared with participants without depressive symptoms, those with depressive symptoms exhibited significant differences in terms of gender, residence, marital status, education level, smoking status, alcohol consumption frequency, sleep duration, BADL limitations, IADL limitations, and number of chronic diseases (all p < 0.001).



TABLE 1 Characteristics of study participants divided by depressive symptoms (n, %).
[image: A table displays characteristics of a study sample divided into "Yes" and "No" categories, with variables such as age group, gender, residence, marital status, education level, smoking history, alcohol consumption, sleep duration, BADL and IADL limitations, and the number of chronic diseases. Statistical values including chi-square and p-values highlight significant differences.]



3.2 Independent associations of sleep duration and ADL limitations with depressive symptoms

Table 2 showed that in crude Model 1, compared with participants with normal sleep, short sleep (OR = 2.09, 95% CI: 1.94–2.25) was significantly associated with an increased risk of depressive symptoms, whereas long sleep (OR = 0.86, 95% CI: 0.79–0.93) linked to a decreased risk of depressive symptoms. BADL limitations (OR = 3.00, 95% CI: 2.76–3.26) and IADL limitations (OR = 2.98, 95% CI: 2.75–3.23) both increased the risk of depressive symptoms. In Model 2, adjusting for age, gender residence, marital status, education level, smoking status, alcohol consumption, and number of chronic diseases, the associations between short sleep (OR = 1.78, 95% CI: 1.65–1.92), long sleep (OR = 0.87, 95% CI: 0.79–0.95), BADL limitations (OR = 2.03, 95% CI: 1.85–2.23), and IADL limitations (OR = 2.05, 95% CI: 1.87–2.25) remained significant with depressive symptoms.



TABLE 2 Binary logistic regression of ADL limitations and sleep duration for participants with depressive symptoms.
[image: Table comparing the odds ratios (OR) with 95% confidence intervals (CI) and p-values for sleep duration, BADL, and IADL limitations across two models. Model 1 is crude; Model 2 adjusts for various factors. Sleep less than 6 hours shows OR of 2.09 in Model 1 and 1.69 in Model 2. BADL and IADL limitations have significant ORs across both models. Definitions for BADL and IADL and model criteria are provided at the table's bottom.]



3.3 The interaction effects between sleep duration and ADL limitations on depressive symptoms


3.3.1 The interaction effects between short sleep and IADL or BADL limitations on depressive symptoms

Compared with the reference group (non-short sleep and independent IADL), participants with both short sleep and IADL limitations had a significantly higher risk of depressive symptoms (adjusted OR 4.24, 95% CI: 3.73–4.81), as shown in Table 3. Additive interaction analysis revealed a statistically significant positive interaction between short sleep and IADL limitations on depressive symptoms in the total population, with a RERI of 1.08 (95% CI, 0.57–1.59), an AP of 0.25 (95% CI, 0.16–0.35), and a S of 1.50 (95% CI, 1.25–1.80), indicating that the combined effect of short sleep and IADL limitations on depressive symptoms was greater than their individual effect. Similarly, a significant additive interaction between short sleep and BADL limitations was observed (adjusted RERI = 1.13, 95% CI: 0.60–1.65; AP = 0.27, 95% CI: 0.17–0.37; S = 1.54, 95% CI: 1.27–1.87). In age and gender subgroup analyses, the synergistic interaction effects were consistent with the overall population (Supplementary Tables S1, S2). However, no multiplicative interactions were observed between short sleep and IADL or BADL limitations on depressive symptoms.



TABLE 3 The interaction between short sleep and ADL limitations on depressive symptoms.
[image: A table compares odds ratios (OR) with 95% confidence intervals (CI) for various variables across two models. Variables include combinations of short sleep with IADL and BADL. Each has associated OR values under Model 1 and Model 2. The model adjustments and definitions of IADL and BADL are noted below the table.]



3.3.2 The interaction effects between long sleep and IADL or BADL limitations on depressive symptoms

In Table 4, this study used participants with both long sleep and independent IADL as the reference group, which had the lowest risk of depressive symptoms due to the protective effect of long sleep, compared to the other three combinations. Compared with the reference group, participants with both IADL limitations and lack of long sleep had a 3.66 times higher risk on depressive symptoms (adjusted OR 3.66, 95% CI: 3.24–4.12). The additive interaction between IADL limitations and long sleep was significant (adjusted RERI = 0.88, 95% CI: 0.39–1.38; AP = 0.24, 95% CI: 0.12–0.37; S = 1.50, 95% CI: 1.16–1.93). Similarly, compared with participants with independent BADL and long sleep, those with BADL limitations and lack of sleep had 3.52 times higher risk (adjusted OR = 3.52, 95% CI 3.13–3.97), with RERI = 0.76 (95% CI: 0.25–1.27), AP = 0.22 (95% CI: 0.08–0.35), S = 1.43 (95% CI, 1.10–1.80), indicating an antagonistic effect between long sleep and BADL limitations on depressive symptoms. The sensitivity analysis further supported the above results (Supplementary Table S5). Notably, in the subgroup analysis regarding age and gender, the additive interaction effects were significant in the population aged ≥60 years and men (Supplementary Tables S3, S4).



TABLE 4 The interaction between long sleep and ADL limitations on depressive symptoms.
[image: Table comparing odds ratios (OR) and confidence intervals (CI) for two models analyzing long sleep with IADL and BADL. Model 1 is unadjusted, and Model 2 adjusts for demographics and lifestyle. Variables include Long sleep with IADL-/+, and BADL-/+, RERI, AP, S, with respective OR and CI values. Ref indicates reference group.]





4 Discussion

To the best of our knowledge, this is the first study exploring the potential additive interaction effects between sleep duration (categorized as short and long sleep) and ADL limitations (BADL and IADL limitations) on depressive symptoms utilizing data from the CHARLS. This study demonstrated that in the overall population, there were synergistic interaction effects between short sleep and IADL or BADL limitations on the depressive symptoms risk. In contrast, antagonistic interaction effects were identified between long sleep and IADL or BADL limitations on the depressive symptoms risk.

The present study found the additive interaction effects between sleep duration and ADL limitations on depressive symptoms. Similarly, a hospital-based cross-sectional study investigated the relationship between frailty and depressive symptoms, revealing a multiplicative interaction between sleep duration and ADL on depressive symptoms (28). However, unlike multiplicative interactions that primarily inform biological mechanisms, the additive interactions explored in the present study offer practice value for public health decision-making, particularly in guiding the prioritization of prevention strategies and resource allocation to alleviate the burden of depressive symptoms (36). Compared to the hospital-based study, which was restricted to a single hospital in China and included a relatively small sample size (n = 1,574), the present study utilized a nationally representative sample (n = 15,511), thereby strengthening the generalizability of its findings. Additionally, two studies focused on the mediating relationships among these three factors (37, 38). One 7-year prospective study demonstrated that depression partially mediated the relationship between sleep duration and IADL disability, accounting for 64.8% of the total effect of short nighttime sleep on IADL disability (38). Another cross-sectional study revealed that ADL had a mediating effect on the association between insomnia and depressive symptoms in older adults aged 65 and above (37). While these studies primarily focused on causal pathways, the present study highlighted the combined effect of sleep duration and ADL limitations on depressive symptoms, providing a new perspective on how these factors influence depressive symptoms.

It is worth emphasizing that short sleep and ADL limitations exhibited a positive additive interaction effect on the depressive symptoms risk in middle-aged and older individuals. The interpretation of these findings likely involves the following two reasons. On the one hand, short sleep itself is one of the diagnostic criteria for depression (8). It may lead to ADL limitations by impairing cognitive function (39) and increasing the risk of sarcopenia (40, 41). Meanwhile, ADL limitations may provoke depressive symptoms, perhaps because physical limitations not only hinder participation in social activities (42), thereby reducing social support (43), but also cause the loss of independence and increased reliance on others (15), both of which amplify negative emotions (e.g., shame, guilt, and depressive symptoms) (14, 18, 44). On the other hand, these interactions may be explained by underlying biological mechanisms. Firstly, short sleep can elevate pro-inflammatory cytokines (e.g., C-reactive protein and interleukin-6) by disrupting circadian rhythms and activating the hypothalamic–pituitary–adrenal (HPA) axis (45, 46). Meanwhile, ADL limitations may exacerbate chronic low-grade inflammation due to reduced physical activity (47) and the presence of concomitant chronic diseases (48). These inflammatory factors can impair the function of neurons and glial cells in brain regions involved in emotional processing, thus increasing the risk of depressive symptoms (49). Secondly, short sleep and chronic stress linked to ADL limitations stimulate HPA axis hyperactivity, resulting in elevated cortisol levels (45, 50), which are not only directly related to somatic depressive symptoms (51), but also further worsen ADL impairment (52). Finally, depressive symptoms could shorten sleep duration (53), thereby triggering a vicious cycle.

Notably, the present study found that long sleep and ADL limitations exhibited antagonistic interactions on depressive symptoms in the total population, somewhat aligning with previous evidence that nocturnal sleep of 8 to 10 h can mitigate ADL-related depressive symptoms risks (28). In other words, long sleep may weaken the association between ADL limitations and depressive symptoms. Additionally, in the age subgroup analysis, antagonistic interaction effects were observed in individuals aged 60 and older. Emerging evidence reported that 8 to 10 h of sleep can reduce the risk of ADL limitations in individuals over 90 years (54), which is associated with a decreased risk of depressive symptoms (18). This may be explained by age-related declines in melatonin levels, leading to poor sleep quality (55) and decreased sleep duration (56). Hence, longer sleep duration is necessary to facilitate energy sustainment and functional recovery (28, 54), thereby reducing the risk of depressive symptoms (15). In the gender-stratified subgroup analysis, the antagonistic interaction was observed between long sleep and BADL limitations on depressive symptoms only in men. Sex-specific inflammatory responses to long sleep may underlie this disparity. A longitudinal study demonstrated that long sleep correlates with elevated C-reactive protein (CRP) levels in adult women but not men (57), and heightened CRP can increase the risk of depressive symptoms (e.g., decreased energy and feelings of worthlessness) (58). Moreover, consistent with prior evidence (59), women (60.5%) were more likely to experience depressive symptoms than men (39.5%) in the present study, which may be attributed to gender differences in stress-coping strategies (60), roles and responsibilities (e.g., childcare and caregiving) (59), and susceptibility to depression-related genes (61). However, the underlying mechanisms regarding the relationships among long sleep, ADL limitations, and depressive symptoms remain unclear and warrant further exploration in future studies.

The present study presents several notable strengths. First, this study is the first to assess the additive interaction effects between sleep duration and ADL limitations on the depressive symptoms risk, thereby providing a new perspective for prioritizing resource allocation in prevention efforts. Second, this study is based on data from a national survey, ensuring that results are representative of Chinese middle-aged and older adult individuals. However, several limitations should be acknowledged. The data relied on self-reports, which may introduce measurement errors and misclassification. Additionally, the cross-sectional design limits causal relationships between sleep duration, ADL limitations, and depressive symptoms.



5 Conclusion

The present study highlights the interaction effects of sleep duration and ADL limitations on depressive symptoms among middle-aged and older individuals. If confirmed in future studies, these results will assist in providing valuable insights into prevention and intervention strategies for depression.
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Background: The acceleration of China’s aging process makes examining policy experiences from LTCI pilot cities highly significant for advancing the LTCI system in China and other emerging nations.
Methods: Policy documents were gathered using Citespace 6.3.R1, with primary data sources obtained from official government websites. A comparative study of LTCI policies in pilot cities was conducted, focusing on policy support, participation scope, financing channels, benefit provision, care conditions, and management structures to evaluate the programs’ logic.
Results: Pilot cities have developed distinct approaches in the LTCI development process. However, issues persist, including a singular financing channel, misalignment between benefit provision supply and demand, substandard care quality, and the need for improved management effectiveness.
Discussion: Establishing a sustainable LTCI system requires implementing an independent financing mechanism and a standardized financial model, developing an efficient LTCI service supply framework, strengthening LTCI oversight and administration, and fostering the commercial insurance market.
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 long-term care insurance; geriatric services; policy analysis; population aging; cross-sectional study


1 Introduction

The rapid aging of population worldwide has increased the demand for geriatric care and medical treatment services, especially in the post–COVID-19 era (1). The issue of poor geriatric care services has received significant scholarly attention (2, 3). China has one of the world’s oldest populations, with over 296.97 million people aged 60 years or older by the end of 2023, representing 21.1% of the country’s total population. Among them, 216.76 million people are aged 65 years or older, accounting for 15.4% of the overall population, with a dependency ratio of 22.5% (4, 5). The prevalence of semi-disability and disability is rising, affecting approximately 35 million older adult people, or 11.6% of China’s older adult population, with a prevalence rate four times higher than that of the general population. The average duration of illness exceeds 8 years (6). Projections indicate that the number of older persons with disabilities in China may reach 46 million by 2035 and roughly 58 million by 2050 (7). The number of older persons requiring assistance for activities of daily living (ADLs) is rapidly increasing (8). However, conventional care given by senior family members is inadequate in China due to delayed childbearing and declining family sizes (9). Furthermore, the quality of such care is typically low, which has a negative impact on both caregivers’ well-being and older people’s rehabilitation (10).

Some high-income nations, like the Netherlands in 1968, the United States in the 1970s, Germany in 1995, and Japan in 2000, have implemented the LTCI program to address these issues (11, 12). The program provides monetary compensation and service protection for individuals requiring continuous care, such as those with cognitive impairments and disabilities, through institutionalized arrangements designed to mitigate the risks associated with population aging and establish a multilevel care protection system (13, 14). The World Health Organization (WHO) has recommended that China incorporate LTCI policies into its healthcare system to address older adult and disability care challenges (15–18). China’s LTCI initiative began in Qingdao in 2012, followed by phased LTCI pilots in 15 locations in 2016 and 2018 (19). By the end of 2022, trial cities had 331,000 care service professionals, 7,679 care service organizations, 16,992,000 LTCI members, and 12,080,000 individuals receiving treatment (20). However, the United Nations’ World Population Prospects report estimates that by 2050, over 500 million people in China aged 60 years or older, and by 2080, over 46% of the country’s population will be 65 years or older (21). The development of LTCI in China remains in its exploratory stage, and there is still a gap between the current available options and the need for older adult care (19). The Chinese government stated that it “will accelerate the construction of LTCI system” by 2025 in the Opinions on Deepening the Reform and Development of Older Adult Care Services, released in December 2024 (22).

In the future, the LTCI policy will be expanded by the Chinese government and applied across the country (22). However, China’s aging population, the swift increase in demand for aged care, and the global economy’s transition to slower growth present challenges in formulating an effective LTCI policy (10). Evaluating LTCI policies in pilot cities is essential for Chinese government officials and policymakers tasked with future decision-making (23). The main goal of this study is to enhance the analysis of China’s LTCI policy from both empirical and normative viewpoints. Limited research has been conducted on China’s LTCI policy, with most studies focusing on the financial mechanisms of the healthcare system and basic medical insurance for urban workers, which alleviates financial burdens on households and the government (24). This underscores the need for research evaluating the outcomes and effectiveness of China’s LTCI policy as a pilot initiative. Existing research on China’s LTCI policy primarily relies on conventional cognitive frameworks, focusing on conceptual constructions, operational mechanisms, and implementation strategies (25). This study examines the policy institutional framework of LTCI pilot cities in China to address these gaps. The second objective is to examine whether LTCI policies are facilitating the advancement of China’s healthcare insurance system. Current research indicates that LTCI has emerged as the “sixth insurance” within China’s social security framework and represents a significant policy initiative aimed at reforming the country’s healthcare system. The final objective of this study is to develop more progressive and socially pertinent LTCI policy recommendations for policymakers in China’s pilot cities.


1.1 Literature review

Since the launch of China’s LTCI policy pilot cities in 2016, an increasing body literature assessed this policy across three research phases: prior to 2016, the literature predominantly focused on the feasibility and necessity of LTCI, including analyses of LTCI systems in countries such as Germany and Japan, and outcomes of LTCI implementation in pilot cities like Qingdao (26–30). Between 2016 and 2018, the literature predominantly examined LTCI pilot regions in China and drew insights from international pilot experiences to optimize institutional design and LTCI implementation (31–34). Following 2018, as the development of LTCI accelerated, scholarly interest expanded to specific components of the policy, including examining the pilot policy and procedural aspects of system design, such as comparative analyses of the beneficiaries (35–37), financing mechanisms (38, 39), reimbursement standards (40), and service coverage (41). Additionally, studies have investigated the impacts on national finance and labor markets post-implementation of the LTCI policy, although comparative analyses of pilot regions remain limited (42). Current LTCI policy research is predominantly uniform. While interdisciplinary studies have examined LTCI from many viewpoints, it lacks a cohesive integration of theory and practice. Moreover, there is a paucity of studies evaluating the effectiveness of China’s LTCI pilot regions. Existing research on the efficacy of LTCI policies seldom employs the policy evaluation theory, often categorizing policy dimensions based on participating entities and the policies themselves, thereby lacking scientific theoretical frameworks and logical coherence.



1.2 Background

Chengdu, Qingdao, and Shanghai are among the initial pilot cities in China that have yielded favorable outcomes in the pilot phase, exemplifying the more progressive practices of China’s current LTCI system (43). Consequently, they also signify the future trajectory of LTCI development in China, which is dedicated to establishing a unified national LTCI framework. Thus, analyzing their experiences provides valuable insights into LTCI implementation nationwide. Consequently, drawing from the experiences of the pilot advanced regions, there exists a degree of universality in the analysis of the LTCI system’s implementation in China. Qingdao was the first region in China to implement the LTCI system and achieve comprehensive coverage among LTCI participants. In 2016, 15 cities, including Chengdu, Qingdao, and Shanghai, were designated as the initial pilot cities for the LTCI system in 2016. Shanghai has the highest number of individuals benefiting from LTCI in China, while Chengdu has the largest GDP and resident population in southwestern China. Furthermore, Chengdu had the highest total GDP and resident population in Southwest China and included both those with mild disabilities and those with dementia in its LTCI pilot program (44). Chengdu, Qingdao, and Shanghai represent pilot experiences in western, eastern, and northern China, respectively, and are equally indicative of the area. These cities also have a distinct advantage over other pilot cities regarding the accessibility of operational data pertaining on the LTCI system (45, 46).

Furthermore, Chengdu, Qingdao, and Shanghai are experiencing demographic aging, leading to a heightened need for older adult care; hence, the examination of LTCI holds substantial relevance for these three cities regarding geriatric care and healthcare provision. China’s seventh population census indicated that in 2020, individuals aged 65 and older in Chengdu, Shanghai, and Qingdao was 13.62, 16.3, and 14.2%, respectively, surpassing the national average of 13.5% (47). Consequently, examining the LTCI frameworks in these cities holds significant importance for other pilot cities in China.




2 Materials and methods


2.1 Data collection

The data for this study was sourced from the official websites of the Chinese government, including the National Health Insurance Bureau, the Social Security Bureau, and the municipal governments of Shanghai, Chengdu, and Qingdao. Two researchers conducted independent searches concurrently using keywords such as “long-term care insurance” and “long-term care.” The keywords included “long-term care insurance,” “long-term care,” and similar terms. The inclusion criteria required that the issuing entity be a governmental department from Shanghai, Chengdu, or Qingdao and that the content be significantly relevant to LTCI, primarily including laws, regulations, judgments, opinions, provisional measures, and notices. Exclusion criteria included policy interpretations, news articles, and other non-original policy materials, as well as keywords that lacked specific LTCI content within the policy texts. The publishing period was set from January 2016 to December 2024 to ensure the study’s uniqueness and continuity. Following the search, extraneous texts were manually removed and re-evaluated multiple times to ensure the reliability of the findings, guaranteeing that the collected texts accurately represented the development of LTCI policy.



2.2 Methods

The LTCI policy texts from Shanghai, Chengdu, and Qingdao were collected and analyzed using Citespace 6.3.R1, developed by Prof. Chaomei Chen. The objective was to conduct a comparative textual analysis to examine similarities and differences in the three cities’ LTCI systems, identify issues and their root causes, and provide detailed descriptions of LTCI policies concerning policy support, coverage scope, financing, payment, and care. This analysis highlights key practices, accomplishments, and weaknesses. Additionally, the study delineates LTCI policies in terms of policy support, participation breadth, financing, payment, and care while summarizing the principal practices, achievements, and deficiencies.




3 Results


3.1 Status of policy support

Since 2016, the number of LTCI-related local government documents released in Shanghai, Chengdu, and Qingdao, excluding informal government documents such as programs, stands at 32, 25, and 35, respectively. Chengdu has issued 12 local normative documents and four local working documents, Qingdao has released 15 local normative documents and 16 local working documents, while Shanghai has produced 21 local normative documents and six local working documents. Chengdu has comparatively fewer normative documents due to two primary factors: its pilot initiatives began later than those in Shanghai and Qingdao, resulting in inadequate preliminary research and predominantly non-governmental planning documents, and its aging demographic is relatively moderate, leading to unclear delineation of LTCI management responsibilities and a lower frequency of policy formulation (Table 1).



TABLE 1 Number of long-term care insurance documents issued in Shanghai, Chengdu, and Qingdao over the years.
[image: Table displaying numbers associated with the cities Shanghai, Chengdu, and Qingdao from 2016 to 2024. Shanghai has values 3, 8, 8, 3, 4, 2, and 4, totaling 32. Chengdu shows 1, 2, 2, 1, 7, 3, 6, and 3, totaling 25. Qingdao has 5, 4, 2, 4, 6, 2, 7, 3, and 2, totaling 35. Data for 2022 and 2023 are missing for Shanghai.]



3.2 Participants

Chengdu, Qingdao, and Shanghai encompass both urban laborers and urban and rural inhabitants. The Chengdu LTCI participants include employees, residents, students, and children. Participants in provincial basic medical insurance are aligned to engage in Chengdu’s LTCI (48), and those enrolled in basic medical insurance under the single-build integrated model may opt to participate voluntarily (49). Chengdu and Qingdao impose no age restrictions on participants, while Shanghai mandates that resident participants be of at least 60 years (50, 51) (Table 2).



TABLE 2 Scope of long-term care insurance participants in Shanghai, Chengdu, and Qingdao.
[image: Table listing insurance coverage by city. Shanghai offers basic medical insurance for urban workers and residents over sixty. Chengdu's insurance covers urban workers, residents, students, and children. Qingdao provides insurance for urban workers and residents.]



3.3 Funding avenues

Shanghai relies solely on a single financing channel, exclusively dependent on the integrated medical insurance fund (52), whereas Chengdu and Qingdao utilize diversified financing avenues, including medical insurance funds, individual contributions, and government financial subsidies. In these cities, unit contributions are allocated directly from medical insurance funds, individual contributions are deducted from personal medical insurance accounts, and government financial subsidies come from medical insurance allocations.

Regarding financing standards, all three locations differentiate contributions based on employee and resident participation, except for Qingdao’s resident participation, which follows a fixed financing amount primarily based on the health insurance contribution base. A proportional financing method is applied, with the financing benchmark for employees exceeding that for residents (53). Shanghai exhibits the highest contribution base and ratio while exempting specific demographics, such as low-income groups, from contributions. Although Chengdu’s employee participation rate is lower than Qingdao’s, its resident participation is funded at a higher level. Chengdu’s employee financing structure also establishes varying individual contribution rates based on age and implements a differentiated subsidy policy, offering proportional subsidies for employees and fixed amounts for urban and rural residents, students, and children, including college students (49). The contribution base categorizes participants according to unique circumstances, employing both pass-through and hospitalization funding methods (Table 3).



TABLE 3 Financing of long-term care insurance in Shanghai, Chengdu, and Qingdao.
[image: Table comparing funding channels and criteria for medical insurance in Shanghai, Chengdu, and Qingdao. Shanghai uses medical insurance pooled funds, with specific employee and resident participation percentages. Chengdu involves a mix of medical insurance fund, individual contributions, and subsidies, with varied criteria based on age and status. Qingdao follows a similar funding structure, specifying monthly employee contributions and government subsidies.]



3.4 Provisions for benefits

All three cities have established their own disability assessment criteria. Chengdu and Qingdao follow the Trial Standards for Assessing Disability Levels published by the Health Insurance Bureau in 2021 (54), with Qingdao further differentiating criteria for individuals with disabilities and intellectual disabilities.

Chengdu and Qingdao assess four dimensions: daily living activities, mental status, perception and communication abilities, and social participation, which were subdivided into 19 and 22 indicators, respectively. The results were derived by aggregating the ratings of each dimension. Qingdao incorporates diagnostic assessments from medical institutions and specialists in its evaluation outcomes. Shanghai’s disability assessment criteria focus on self-care capability and illness severity, subdividing self-care capability into 50 specific indicators. The disability evaluation in Shanghai is predicated on the illness dimension, which markedly differs from that of Chengdu and Qingdao (55–57) (Table 4).



TABLE 4 Disability assessment status of long-term care insurance in Shanghai, Chengdu, and Qingdao.
[image: Comparison table of disability assessment forms for Shanghai, Chengdu, and Qingdao. It includes assessment form titles, parameters for incapacity assessment, disability assessment levels, and 2020 beneficiary numbers: 417,000 for Shanghai, 296,000 for Chengdu, and 26,000 for Qingdao.]

Regarding payment methods, Shanghai and Qingdao offer home care, institutional care, and daycare services, while Chengdu provides only home and institutional care and has yet to develop a community daycare model. Qingdao classifies care services into six types: home care, itinerant care, skilled nursing care, residential care, dementia care, and specialized care, with dementia care being the first of its kind in the country. In terms of financial support, the home care offerings in Chengdu and Shanghai closely resemble those of institutional care, although Qingdao’s institutional care services are comparatively more diverse.

In terms of financial support, Shanghai provides the highest payment sum among the three cities. Each city differentiates between employee and resident participants, implements a proportionate payment system, and establishes a payment cap. The home care model possesses the highest reimbursement rate. Concerning the payment limit, Chengdu and Qingdao explicitly delineate specific payment limits in their respective regulations, whereas Shanghai establishes the limit through negotiations between individuals and care providers, restricting the number of services and the duration of treatment. Payment norms and restrictions for employees in all three cities exceed those for residents, with the health insurance coordination fund significantly contributing to the disbursement of benefits (58) (Table 5).



TABLE 5 Status of long-term care insurance benefits in Shanghai, Chengdu, and Qingdao.
[image: A table compares nursing care services across Shanghai, Chengdu, and Qingdao. For Shanghai, payment methods include in-home, community day, and institutional care, with 27 basic life care items and 21 clinical care items. Fund payments cover 90 percent for home care and 85 percent for day/institutional care. In Chengdu, services include home and institutional care, with 18 basic care items, 27 specialized care items, and assistive services. Fund participation is 75 percent employee and 60 percent resident. Qingdao covers home, institutional, and day care, with diverse care and cleaning services. Employee participation is 90 percent, with tiered contributor percentages.]



3.5 Nursing assistance

All nursing care organizations have used the paradigm of agreement management for their regulation. Nursing institutions are categorized based on the services they offer, with Qingdao additionally classifying institutions based on the number of nursing beds, stipulating that only those with at least 30 nursing beds classify as residential nursing service institutions (59).

Concerning the evaluation of nursing care organizations, each city has established its own evaluation standards and defined unique criteria for assessment. The evaluation criteria in Qingdao encompass several elements, such as environment, management, services, and social impact, with care services assigned the highest importance, underscoring the divergent assessment priorities compared with those of Chengdu and Shanghai. Furthermore, in contrast to Chengdu and Qingdao, which employ standardized assessment criteria citywide, Shanghai’s evaluation metrics are determined by each district based on its own circumstances (60–62).

Concerning the nursing workforce, there exists a pervasive issue of inadequate staffing, predominantly comprising females, older adult individuals, and those possessing relatively poor educational qualifications. To resolve the disparity between the supply and demand for nursing staff and enhance the quality of nursing care, Chengdu has conducted multiple training programs for nursing personnel by engaging third-party institutions to elevate their professionalism. Conversely, Qingdao has released a policy paper regarding the training mechanism for nursing personnel, with the city’s medical insurance agency tasked with arranging and executing the training, thereby further standardizing the nursing personnel training process. Conversely, Shanghai has created its own regulations for the training of nursing personnel, according to local circumstances. For instance, Hongkou District has not only created a nursing talent pool but also elevated the pay of nursing personnel, resulting in Shanghai offering superior compensation and a more sufficient reserve of nursing staff (63–66) (Table 6).



TABLE 6 Long-term care insurance nursing facilities in Shanghai, Chengdu, and Qingdao.
[image: A table compares care organizations in Shanghai, Chengdu, and Qingdao. Shanghai includes medical institutions, nursing homes, and community care facilities, with one-star to five-star ratings for 1,297 institutions. Chengdu has designated care institutions and comprehensive assessment programs, with qualified or unqualified ratings for 305 institutions. Qingdao features residential care organizations with ratings from Level A to D, covering 978 institutions.]



3.6 Management context

The Medical Protection Bureau serves as the responsible authority for LTCI management in all three regions, designating its subordinate unit as the operational and management organization. Chengdu’s management regulations only identify the competent authority and operational organization, without detailing the responsibilities of other government departments. In contrast, Qingdao and Shanghai provide explicit definitions of the responsibilities of caregiver training and fund management departments.

All three cities engage commercial insurance firms in LTCI payment processing and disability evaluations. In Shanghai and Chengdu, commercial insurers contribute to system development and management, while in Qingdao, they also oversee fund management (50, 51).

Chengdu employs a regional operation model, permitting each region to independently contract commercial insurers for the management and operation of their respective areas. In contrast, Shanghai and Qingdao employ an exclusive operation model, wherein a single insurer oversees the operation and management of the entire region. Shanghai has engaged commercial insurers to manage operational tasks for a limited duration, with the trial initiative only conducted in Putuo District (67).

Moreover, all three cities are actively investigating the development of LTCI platforms, intending to use the “Internet Plus” trend to enhance informatization and intelligent infrastructure. Shanghai has implemented online disability assessment processing via WeChat public accounts and mini-programs, alongside real-time monitoring of care service quality to enhance supervision. Qingdao and Chengdu have developed specialized mobile applications and other online tools to actively facilitate the online processing of disability assessments. Nevertheless, shortcomings persist in the development of information intelligence in the three cities, indicating substantial potential for enhancement (Table 7).



TABLE 7 Long-term care insurance administration in Shanghai, Chengdu, and Qingdao.
[image: Table comparing management units, fund management, and operational models for Shanghai, Chengdu, and Qingdao. All cities list the "Medical security bureau" as their management unit. Shanghai's fund management involves unified management within the Social Security Fund. Chengdu implements two-line management with detailed accounting. Qingdao includes two lines of income and expenditure. Shanghai uses "Sub-district hosts" for its operational model, while both Chengdu and Qingdao use "Exclusive contractor".]



3.7 Challenges


3.7.1 Increased strain on fund mobilization

Regarding the medical insurance fund, pertinent research indicate that the current sustainability of China’s urban workers’ medical insurance fund is robust, although the rate of increase in its sustainability has decelerated (68, 69). Certain studies have explicitly shown that the existing employee medical insurance framework may jeopardize the stability of the coordinated fund due to the LTCI model for employees derived from urban employees’ medical insurance (70). The yearly balance rate of the Chengdu fund was <10% in 2017, 2019, and 2021 (71–73). In Qingdao, the employee care fund amounted to 1.1 billion yuan in 2021, while the resident care fund totaled 145 million yuan (74). The overall expenditure of the care fund was approximately 677 million yuan, which seemed substantial at first glance; however, only 42,000 individuals actually received benefits (75). In 2021, the magnitude of Shanghai’s health insurance fund attained 522.9 billion yuan; however, if financed at the 1% ratio stipulated in Shanghai’s previous pilot scheme, the fund would only amount to 5.23 billion yuan, whereas the expenditure for establishing an LTCI system is significantly higher at 11.92 billion yuan (76). Certain researchers project that the expenditure for LTCI would amount to 224.134 billion yuan by 2030 and escalate to 618.120 billion yuan by 2050, indicating that the existing finance model is unable to accommodate the linear growth in the financial demands of LTCI (77). Consequently, the long-term viability of the basic medical insurance fund is under considerable strain.



3.7.2 Disparity in benefit demand and supply

Chengdu and Qingdao exhibit disparities in reimbursement rates and maximum reimbursement limits for care services between employee and resident participants, with employee participants receiving more benefits than their resident counterparts. While this aligns with the contribution rates of the two participant categories, the cost of care for disabled individuals is determined by the severity of their condition rather than their employment or residency status. Simultaneously, the cost of nursing care services is relatively high, and those with lower incomes should benefit from an increased reimbursement threshold.

Chengdu and Shanghai have implemented the same evaluation methods and criteria for assessing individuals with disabilities and dementia. However, disability and dementia are distinct conditions. Disability primarily refers to physical impairments, requiring an emphasis on self-care and mobility, whereas dementia pertains to cognitive impairments, necessitating attention to thought processes and memory. Different evaluation criteria must be used to distinguish between the two. While Qingdao differentiates between them, its criteria for assessing dementia remain simplistic, relying solely on memory and orientation while neglecting aspects such as self-care and spatial awareness, which require further refinement.



3.7.3 Inferior quality of nursing infrastructure

Chengdu, Qingdao, and Shanghai face a shortage of caretakers. In 2020, the proportion of impaired older adult individuals relative to the total older adult population in China was 16.6% (78). Based on this ratio, the estimated number of disabled older adult individuals in Chengdu, Qingdao, and Shanghai in 2020 was 353,600, 339,100, and 965,400, respectively. In the same year, the nursing staff in Chengdu, Qingdao, and Shanghai numbered approximately 20,000, 12,000, and 75,000, respectively, significantly below the stipulated 1:10 ratio of nursing staff to self-care individuals outlined in the “Norms for Job Setting and Staffing of Elderly Institutions” issued by the Department of Older Adult Services of the Ministry of Civil Affairs of China (79), revealing a substantial disparity with international standards (80).

Alongside the shortage of nursing personnel, there are inadequacies in the qualifications of nursing staff in Chengdu, Qingdao, and Shanghai. The quality of caregivers is inconsistent. The educational attainment of caregivers in these cities is predominantly low, with few holding a bachelor’s degree. There is also a deficiency in caregiving training and a lack of standardized training protocols. Furthermore, caregivers tend to be older, predominantly middle-aged women. The turnover rate among nursing personnel is high. Nursing work intensity is considerable, with many working over 10 h a day. However, nursing staff salaries are low, falling below the local average wage.



3.7.4 Inadequate managerial efficacy

Collaboration with external organizations in the three regions is inadequate. In Shanghai, the medical insurance center primarily handles administrative management, with collaboration with commercial insurance firms in operational management occurring solely in Putuo District as part of a trial initiative. Additionally, in Qingdao and Shanghai, commercial insurance firms oversee the entire management process, from disability evaluation to benefit disbursement, without distinguishing between assessment and payment management. This may lead to conflicts of interest that could compromise the objectivity of evaluations.

Chengdu, Qingdao, and Shanghai also exhibit shortcomings in the informatization and intelligent development of LTCI (81). Despite the establishment of online information systems in all three cities, user feedback on their effectiveness has been unsatisfactory. In Chengdu and Qingdao, online LTCI services are limited to incapacity assessment apps, while in Shanghai, online functionalities are primarily used for monitoring care processes, resulting in a restricted expansion of online services. Additionally, many older adult individuals are unfamiliar with online operations, negatively affecting their experience with the program. The development of smart care equipment and institutions is progressing slowly and requires further improvement.





4 Discussion


4.1 Implementing viable funding strategies

The sustained advancement of LTCI primarily relies on the efficient allocation of expenditures. In China, the LTCI fund is still in its early stages, and a robust insurance funding system has yet to be established. In pilot cities, financing sources include medical insurance funds, contributions from individuals and organizations, financial subsidies, and allocations from social welfare and public welfare budgets. To reduce the financial burden of social insurance on businesses, some cities temporarily reallocated funds from the medical insurance fund during the pilot period (82–84). Certain cities provide financial subsidies based on economic development levels, making the health insurance fund the primary source of LTCI funding in China. We propose a comprehensive funding structure that incorporates government agencies, business entities, individuals, and third-party commercial insurers, drawing on models from other countries. This framework aims to create a balanced and systematic approach to the development of LTCI funds. Given China’s current and future economic trajectory, potential financing channels for LTCI can be categorized into five groups: government subsidies, health insurance funds, housing provident funds, social donations, and individual contributions. Social contributions encompass philanthropic donations, public welfare funds from lotteries, business financing, and other methods. The government must optimize fund allocation, improve the conversion rate of the health insurance fund, enhance fund autonomy, and ensure that funding levels correspond with economic development to meet the healthcare needs of the older adult population.



4.2 Perfecting LTCI service provision

The LTCI service system comprises nursing facilities, individual service providers, and management organizations. Currently, China faces a shortage of beds in healthcare and professional nursing facilities, leading to limited availability (85). Consequently, the care needs of disabled older adult individuals must be met by private nursing institutions. However, several obstacles hinder the development of private care facilities in China, resulting in outdated technology and facilities, as well as an uneven distribution of skilled workers. These challenges have limited the ability of private institutions to meet the needs of the older adult disabled population. The National Nursing Care Development Plan of China (2021–2025) recommends enhancing the integration of medical care and supporting the establishment of private nursing institutions (86). In the long term, encouraging private care institutions to participate in LTCI is a key objective and a crucial method to challenges of an aging population. The proficiency of caregivers is intrinsically linked to the efficacy of long-term care. Despite significant advancements in caregiver training in China, the country continues to confront challenges, including an aging workforce, inadequate educational attainment, elevated turnover rates, a lack of willingness to pursue the profession, and a rising demand for services at low wage levels (87). To resolve these issues, it is imperative to build professional nursing training institutions, develop a cohesive training system along with evaluation and assessment mechanisms, enhance faculty involvement and policy support, and elevate the professional quality and skill level of nursing personnel. Furthermore, an equitable system of occupational subsidies must to be established to cultivate a feeling of professional dignity, eradicate societal misconceptions and biases regarding the senior care profession, enhance the social standing of caregivers, and entice a greater number of young individuals into the field.



4.3 Enhancing the oversight and administration

The efficient functioning of LTCI necessitates a thorough and rigorous oversight and management structure. It is essential for the insured to establish explicit admission and discharge criteria, precisely evaluate health status and disability levels, and tackle the issues arising from inadequate or excessive service provision by employing a methodology that integrates random sampling with systematic monitoring and follow-up visits. Concerning service providers, the business license, staffing, and bed capacity should constitute the fundamental criteria for inclusion in LTCI. Local health insurance agencies must collaborate with experts from accredited healthcare organizations to perform a thorough evaluation of care providers’ qualifications and establish a systematic assessment framework. It is essential to enhance the oversight of the content and quality of institutional services. Moreover, pilot cities should employ varying criteria for evaluating LTCI quality, with quality management primarily falling under the jurisdiction of district-level health insurance agencies that report to municipal authorities. However, due to the diverse settings in which services are delivered, including private institutions, residences, and public hospitals, it is challenging for supervisory agencies to acquire accurate and actionable information. To resolve these issues, a robust quality assessment system must be implemented, utilizing known healthcare quality management methodologies. The system must encompass the evaluation of service receivers, credentials of service professionals, substance and timetable of services, a mechanism for gathering service-related data, and standardization of service procedures.



4.4 Developing robust commercial marketplaces

The Research Report on Long-Term Care Insurance by the Institute for Research on Aging at Fudan University indicates that China’s LTCI market exhibits notable deficiencies in medical and other specialized services, with demand from disabled older adult individuals significantly surpassing supply (88). China has initiated a pilot program that allows commercial insurance entities to engage in LTCI across 13 cities. Estimates indicate that the total demand for LTCI services for the older adult in urban areas of China in 2021 will approximate 1.4 trillion yuan, whereas protective measures, comprising household expenditures and policy-based LTCI and subsidies, will fall short of 500 billion yuan, resulting in a deficit of 921.7 billion yuan (82). In response to the increasing demand for older adult care services, it is essential to broaden the commercial older adult care insurance market and motivate more seniors to proactively select third-party older adult care insurance products, thereby alleviating the burden of policy-based insurance. Simultaneously, it is crucial to proactively investigate the development of a multilayer pension service system that amalgamates home, community, and institutional assistance, while persistently enhancing China’s LTCI market.
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Background: In Italy, population ageing is causing an unprecedented demand for long-term care (LTC) services, that led to the recent national reform of the LTC system (Law n. 33/2023). Since LTC services are provided by regional authorities, identifying drivers of and barriers to their use by older people and their family caregivers locally is very important to identify the mismatch between national regulation and local demand of these services.
Methods: To this purpose, in 2019-2020, 450 family caregiver (FC)-older care recipient (OCR) dyads from 13 healthcare districts of the Marche region (Central Italy) were surveyed. A Two-step Bayesian Multiclass procedure was used for the analysis. The main drivers of the use of healthcare services are FC’s age and gender (being a man), and OCR’s age and level of disability.
Results: The main barrier to the use of private services is their cost, while for the public ones is their unavailability. The most common private service is represented by migrant care workers (MCWs), hired privately by the older people’s families.
Conclusion: Findings suggest that the recent national LTC reform in Italy does not seem to have fully captured the LTC needs of older people, and some policy suggestions are therefore provided in this regard.
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 long-term care system; barriers to long-term care services; drivers to long-term care services; long-term care reform; care dyad; older people with long-term care needs


1 Introduction

This study is aimed at investigating the barriers to and drivers of the use of health and long-term care services (in the following “services,” when not differently specified) by older adults with long-term care needs and their family caregivers living in Marche, a region in Central Italy. Healthcare services include outpatient visits, day hospitals, emergency department access, and general practitioners, i.e., services ensured by Italy’s regional health systems to all citizens and not only to those with chronic disease. On the contrary, LTC services specifically target people with disability and long-term (chronic) diseases such as Parkinson’s, dementia, and any type of physical impairment requiring medical, nursing, household care, and personal assistance over a long period of time. These include residential care facilities, home care, monetary transfers, and the private work of family care assistants.

A peculiarity of Italy’s Healthcare System is that it is actually made of 21 healthcare systems, i.e., as many as the 19 regions and two autonomous provinces making up the country, given the autonomy that these authorities have in managing the provision of healthcare and LTC. On this background, we chose the Marche region as a case study for two main reasons. The first is that it has one of the highest shares of older population in the country, with 26% of its citizens being aged 65 years and over (1, 2), i.e., two percentage points above the national average (24%), and among the highest in Europe (whose average is 21.3%) (3). The second reason lies in the middle position of the Marche region in the ranking of the healthcare performance among Italy’s regional health systems (4). Given this position, the Marche region can constitute a benchmark for both the most (the North-Eastern) and the least virtuous regions (the Southern ones) in the ranking.

In the following sub-paragraphs, we will highlight the main characteristics of the LTC demand and supply in Italy, describe how the recent LTC reform tries to improve care provision, and identify barriers and drivers to the use of LTC at the macro, meso, and micro societal level.


1.1 The Italian healthcare system and the LTC reform

In Italy, the share of people aged 65 years and over increased by more than 10% between 2002 and 2021, raising from 12.4 to 23.5%, with projections reaching 34.9% by 2050 (5). In 2019, 32.4% of older Italian population lived with severe chronic and/or multiple diseases. More than half of them had at least three chronic diseases, reducing their autonomy in performing the activities of daily living (ADL) to the point of requiring assistance from others (6). All this entails also an unprecedented increase in the request for support for carrying out the instrumental activities of daily living (IADL) and for meeting older people’s physical and psychological needs (7).

Despite this increase in the demand side, LTC still remains a residual aspect of Italy’s welfare system, and it is funded and implemented by different national, regional, and local institutions (53). While social services are delivered by municipalities, healthcare and LTC services are delivered by local healthcare authorities (“Aziende Sanitarie Locali”), according to the policy directions adopted at the regional level. Indeed, Italian regions, despite acting according to a legislative national framework including the LTC reform described further below, can independently decide how to use the economic resources allocated to them by the State to address the local population’s care demand (8), thus constituting de facto 21 different regional systems governed by politicians and very variegated in terms of territorial size and population characteristics. This autonomy often translates into substantial inequalities in accessing care services across regions and results in a fragmentation of funding and responsibilities that prevents a full and proper integration of social and health services in terms of implementation (9).

Another key characteristic of Italy’s welfare system is its “familistic” approach (10) that entrusts family caregivers with the responsibility of caring for frail, mainly older people with LTC needs, and supporting them primarily via monetary transfers rather than in-kind services (11). The main cash benefit in Italy is the State’s “Indennità di accompagnamento” (IDA) (“care allowance”), a non-means-tested monetary benefit (financed through general taxation) granted to people affected by a severe disability. In 2019, it absorbed 52% of the resources allocated to LTC, compared to a European average of around 26% (12). The presence of other similar cash benefits provided at the regional level, mostly means-tested, confirms the importance of monetary benefits in the Italian LTC system (13).

Conversely, public resources invested in home care (“Assistenza Domiciliare Integrata”: ADI) are limited: in 2019, they accounted for 19.5% of total public spending in this area, against a European average of 25.5% (12). Currently, home care provided by regional health units lasts for a maximum of 3 months, while LTC needs affect older people on average for several years. Regions also provide home-based nursing services (e.g., medication, catheter changes, and similar) but without addressing LTC-related needs such as information, counseling, and psychological support for family caregivers.

As for residential care, it is still underdeveloped in Italy and is again characterized by a strong regional variability. In 2021 (most recent available data), compared with a national average of 70 beds per 10,000 residents, in the North-East, the availability reached 100 beds, i.e., three times higher than in the South (33.4), while an intermediate situation emerges for the Islands (Sardinia and Sicily), with 51 beds, and the center (including the Marche region), with 56 beds. The North-West is more similar to the North-East, with 97 beds per 10,000 residents (1, 2) (p. 290).

Regarding nursing homes (“Residenza Sanitaria Assistenziale”: RSA), i.e., residential facilities offering a higher level of medical care in addition to accommodation and meals, the monthly fee for beneficiaries reaches on average EUR 2,000, with strong differences across regions. This amount includes (Law 502/92 on “Reorganization of healthcare regulations”) a medical component (generally 50% of the whole), borne by the regional health system, and a means-tested social/accommodation component (the other 50%), borne by the beneficiary. When the patient is entitled to the State Care Allowance (Indennità di Accompagnamento: IDA), this can be used to pay the monthly expenditure for the nursing home.

The different expenditures of regional authorities for residential care are not congruent with the distribution of chronicity, nor with older people’s health condition or income, but rather explained primarily by the regions’ overall wealth and financial resources (i.e., higher in wealthier regions, such as Trentino Alto-Adige) and by the rate of unemployed women as potential informal (family) caregivers (14). This causes remarkable inequalities among older citizens living in different regions for the per-capita expenditure in residential care.

The scarcity of in-kind LTC services (e.g., ADI and residential care) and the availability of a non-restricted (nor monitored) monetary transfer, such as the IDA, push many families to hire private non-professional care assistants to guarantee home-based, tailored, and around-the-clock assistance and supervision to older relatives with LTC needs (15, 16). These private care assistants, often referred to as “migrant care workers” (MCWs) because most of them have a migration background, help older people in performing ADL and IADL, allowing family caregivers to reconcile care and work, thus keeping alive Italy’s traditional picture of family care for aging relatives. All this at a rather relatively low cost, in unfair and often under partially or totally undeclared work conditions (17, 18), and indirectly encouraged by generous and unconditional cash benefits like the IDA (19, 20).

Despite this background, Italian families who decide to hire a family care assistant still have to bear certain costs themselves. They include the salary, which varies according to the care worker’s level of training, the weekly number of working hours, and whether s/he lives with the older person being cared for. For example, an untrained, live-in care worker receives a salary of approximately EUR 1,127 per month. To this salary, the 13th salary, holidays, end of service payment (“Trattamento di fine rapporto”), and the board and lodging allowance (if any) have to be added, which for 2024 was €196, for a total monthly expenditure of approximately EUR 1,450.

All the policy measures reported above targeted people with disability. Noteworthy, in Italy, there is no national law recognizing family caregivers’ role and promoting their rights, but only regional laws in 10 regions (including Emilia-Romagna, which approved the first regional bill in this regard in 2014). This means that there is no integrated national system of support explicitly addressing family caregivers, offering them, for instance, training, counseling, psychological support, and/or respite care.

As for working caregivers, according to Law 104/1992, care leave is granted only to public and private employees (i.e., excluding the self-employed and those employed in domestic and household services) caring for relatives with a severe disability. Working caregivers are entitled to two different types of care leaves: 3 working days of paid short-term leave per month, under the condition that the FC is a close relative of the person with the disability (even when not co-habiting); and up to 2 years of paid long-term leave (only in case of cohabitation). The latter leave is paid 100% of earnings up to an annual ceiling (adapted over time according to inflation).

To counteract the limitations of the Italian healthcare system(s) described above, after approximately 20 years of policy inertia (21), on 31st March 2023, Law n. 33 “Deleghe al Governo in materia di politiche in favore delle persone anziane” (Delegations to the Government on policies in favor of older persons) came into force. This law, whose first implementing decree was approved in March 2024, is aimed at reforming the Italian healthcare policies for frail older people and overcoming their weaknesses, i.e., services fragmentation and scarcity, thus improving the response to the LTC needs of older people via more accessible, high-quality, and timely services (22).

The key components of the LTC reform stand on four main pillars. The first one is a new model of governance of the LTC services, looking at LTC needs in later life in a more comprehensive and specific way. The body to achieve this goal was the “National System for the Older Population with LTC needs” (“Sistema nazionale per la popolazione anziana non autosufficiente”: SNAA), entitled to plan and govern holistically all health, social, and welfare measures adopted by the State, regions, and municipalities, including the economic benefits provided by Istituto Italiano di Previdenza Sociale (INPS) (i.e., the National Security Authority), such as the IDA. The second pillar is a new home care model for aging in place, which should have foreseen the strengthening of public home healthcare (Assistenza Domiciliare Integrata: ADI) and the integration of social and health support measures. The third pillar of the law is a new residential care model that should have included social and health activities. The fourth pillar consists of the reform of the IDA, to be graduated according to the intensity of a person’s care needs and granted as a choice between monetary transfer and in-kind services. Moreover, the reform aims to achieve full integration of social and health services for non-self-sufficient older adults also through a system of multidimensional assessment of the individuals’ condition that sees the “Single Point of Access” (Punto Unico di Accesso: PUA) as the only gateway to the care system. Currently, only some of these components have started to be implemented, and many observers fear that the financial constraints currently affecting the Italian State may jeopardize the full implementation of the reform’s main goals (23).



1.2 Barriers and drivers to the use of LTC services

In recent years, several studies have analyzed the determinants of access to long-term care services across European countries and within Italy (12, 24, 25). However, the interplay between socioeconomic status, regional policy design, and household strategies remains underexplored, especially in fragmented welfare settings such as the Italian one. This review synthesizes key contributions on barriers and drivers to LTC service utilization at the macro, meso, and micro levels, with particular attention to their policy implications.

Adequate support is crucial to mitigate and postpone negative effects that can be raised by the lack of efficient and timely services for older people with LTC needs, e.g., faster physical decline, mental health issues, and higher mortality rates (26, 54). There are many intertwined social and psychological/cultural factors that influence the access to care services by older people with LTC needs and their family caregivers at the macro, meso, and micro levels.

At the macro level, some cross-national studies confirm the weight of welfare regimes and LTC systems in deploying inequalities and stress that more developed and all-embracing LTC systems characterized by a high number of care services can decrease the risk of inequalities in access to and use of the services (24, 27). In fact, the Northern European welfare state model shows a higher propensity toward care equity, whereas Southern (familistic) and Continental models suffer from a certain care inequity when it comes to responding to LTC needs of older people (24, 27).

At the meso level, one of the main barriers is the scarcity of in-kind and tailored public formal services that push households to purchase private and informal services (25, 28). Moreover, the lack of information on services-specific features and the complexity of the access procedure can discourage older people from benefitting from formal services (29). The share of households needing LTC that do not use public professional home care because they find them insufficient is significantly higher in Italy (30.3%) compared to the EU average of 9.7% (12).

At the micro level, the socioeconomic condition of individuals can also affect the utilization of public LTC services (54). In familistic care regimes, such as Italy, people with higher income tend to use more private formal services (e.g., private nursing homes), whereas private informal care (e.g., MCWs) is more widespread among people with lower income (55). Moreover, older people living alone may experience barriers to accessing community services because they do not have sufficient information and limited mobility (because of none to accompany them to the services) (30). In addition, the lack of support needs recognition by the family caregiver of older people with dementia (31), the reluctance of the latter, who often refuse services (32), and the stigma around dementia (33) can limit the use of LTC services. Finally, regardless of the kind of disease of the older people, the lack of trust between the older person and the family caregiver may be a barrier to accepting homecare services (34).

Looking at the Italian context, over the last 20 years, low educational level, low income, and living in the Southern regions have been underlined as the main obstacles to access public healthcare services (35, 36), including dental care (37). Recently, a long waiting list for specialist services was added to the list of barriers (38). The main reasons for reporting unmet needs for medical care in Italy are the waiting list and the high cost of the services (39). From 2019 to 2023, the percentage of Italian citizens who had to forego examinations or screenings due to financial problems, waiting lists, or access difficulties rose from 7 to 7.6%, reaching approximately 4.5 million people in 2023. In the Marche region, the percentage passed from 7 to 9.8% in the same time range (1, 2) (p. 288). Noteworthy, the rate of foregoing health services rises with the increasing age of citizens (1, 2).

Moreover, in Italy, structural and organizational limitations of the current offer of LTC services can be paired with cultural attitudes rooted in the familial care tradition and filial obligations (40), which may be an additional barrier to the use of LTC services, e.g., the stigma surrounding residential/institutional care often accompanying family caregivers’ sense of guilt (41). In fact, we are witnessing a progressive increase in the use of private healthcare services (42) and in long-term care insurance (43), contrary to the principle of equity on which the National Health System has been originally based.

As indicated above, many studies have analyzed the factors influencing access to and use of healthcare services at the national level, both in Italy and in Europe. However, this phenomenon is still underinvestigated at the regional level and not focused on LTC services, e.g., care facilities and home care. Especially in countries such as Italy, where LTC services are administered by regional/local authorities, it is instead crucial to study the regional context to better understand the source of disparities in the use and access to services. For these reasons, this study aims to fill this gap through the identification of drivers and barriers to the use of healthcare services by older adults with LTC needs in Italy, to provide policy suggestions to make LTC delivery and resource allocation more efficient at the local level.




2 Materials and methods


2.1 Study design

Starting from the hypothesis that macro, meso, and micro social factors may influence the use of public and private care services, the research question that informed our study is the following: What are barriers and drivers to the use of public and private LTC services by older people with LTC needs and their family caregivers living in the Marche region, at different societal level?



2.2 Sampling

The study is part of a survey conducted in the Autumn 2019/Winter 2020 that involved 450 caregiver-cared-for dyads from 13 healthcare districts of the Marche region, recruited following a convenience/purposive sampling procedure (44). In fact, possible participants were enlisted through regional pensioners’ associations and Trade Unions, with the survey administration conducted by trained personnel from these organizations. They were screened according to the inclusion criteria, i.e., being aged 75 years or older, receiving the IDA (Indennità di accompagnamento), or reporting a score below 9 on a 12-item scale gauging autonomy in Instrumental Activities of Daily Living (IADL).

Inclusion criteria for study participation encompassed individuals who willingly signed the informed consent, expressed their voluntary commitment to the study, and met specific conditions.

Upon meeting the criteria for eligibility, older people were requested to designate their primary family caregivers, who were mostly family members such as spouses or sons/daughters. When family members were unavailable, private (migrant) care workers, predominantly those providing live-in support, were incorporated as the second component of the caregiving dyad.



2.3 Ethics statement

Explicit written consent was sought from respondents, and all data were gathered anonymously, adhering to the guidelines outlined in EU Regulation No. 679 of the European Parliament and of the Council of 27 April 2016, as well as the Helsinki Declaration (2013). The study was submitted for approval at the Ethics Committee of the National Institute of Health and Science on Ageing (INRCA), which on 25th May 2020 by an official e-mail communication deemed approval unnecessary since the investigation did not imply the involvement of clinical patients.



2.4 Data collection tools and outcome measures

Data were collected through a common assessment tool made of two questionnaires, one targeted to OCRs and another one to FCs. The first questionnaire, in addition to questions collecting sociodemographic information, embedded questions on respondents’ perceived health condition (ad-hoc question) and level of autonomy (Barthel index).

The Barthel index score ranges from 0 to 99, with scores of 0–20 indicating total dependence and 91–99 slight dependence (45, 46). Thus, the higher the score, the greater the autonomy of the care recipient.

The second questionnaire explored FCs’ burden, informal support, and work–life balance. Both the questionnaires asked about the use of public and private LTC services through ad-hoc multiple-choice and open-ended questions.

In the analysis reported in this study, the use of LTC services represents the outcome variable. It was assessed through the question, “Which of the following services did you use in the last year?.” Respondents could choose from a list of private and public care services. The answers to this question were dichotomized into used/not used of private vs. public services. Respondents could also specify the frequency of use, selecting weekly, monthly, or less frequently, and the level of satisfaction with the service, expressed in a five-point Likert scale ranging from 1 = very unsatisfied to 5 = very satisfied.

Independent variables are detailed in Annex 1 (Supplementary materials). They were, e.g., older care recipient’s age, living condition (dichotomized into “living alone” vs. “with the family caregiver” vs., “with others,” including migrant care workers), and level of dependency (Barthel Index).



2.5 Analysis

In this study, a Two-step Bayesian Multiclass (TBM) procedure is used, combining a first-step Bayesian strategy for selecting the only (potential) predictors affecting the outcomes with a frequentist second-step procedure for estimating the parameters of a binary logistic regression.

The first step focuses on the Bayesian Information Criterion (BIC) for model selection among a finite set of models. It provides a way to balance model fit and model complexity, helping to guard against overfitting. This latter refers to the problem that more complex models (including a sufficiently large number of predictors) tend to fit better than simpler models (fewer predictors). Thus, the first step entails finding a pool of predictors with highly strong explanatory powers on the potential outcomes of interest (or dependent variable). The predictors that fit the data better will be included in the shrinking procedure; otherwise, they will be ruled out.

The second step addresses a bivariate logistic regression on the subset of covariates obtained in the first step. The statistical-econometric software used for the analysis is RStudio, an open-source integrated development environment for R and Python (two similar software). The latest version used is 2024.04.0.

The main motivation to adopt a TBM procedure lies in the complexity of the problem aimed to address. The study investigates the barriers and drivers influencing the use of long-term care (LTC) services, which involve multiple interacting factors with varying levels of importance. Traditional logistic regression models, while effective in simple classification tasks, can struggle in high-dimensional settings where multiple predictors contribute in different ways to the outcome. To overcome these challenges, a TBM approach is then addressed consisting of two sequential steps: (i) instead of arbitrarily including all possible covariates, a Bayesian Information Criterion (BIC)-based selection process is used to identify the most relevant predictors. This intermediate step can deal with overfitting, ensuring that only the strongest explanatory variables are retained while filtering out less relevant ones; (ii) once the key predictors are identified, logistic regression is applied to estimate the final model parameters. This final step ensures interpretability, as logistic regression coefficients remain intuitive and comparable across models. In contrast, a standard logistic regression model requires either including all potential predictors, which increases the risk of overfitting and multicollinearity, or manually selecting them, introducing subjectivity. Machine learning (ML) methods, while powerful, often lack transparency due to their complexity, making it difficult to clearly identify the individual contribution of each predictor to the final outcome. This characteristic, known as the “black-box” problem, limits their interpretability, which is a critical aspect when dealing with policy-oriented research. Additionally, machine learning methods often require large datasets to generalize well. Given that the study is based on 450 dyads, the Bayesian regularization in TBM is particularly beneficial, as it is designed to perform effectively with smaller samples.




3 Results


3.1 Sample description

Supplementary Table reports the sociodemographic characteristics of FCs and OCRs answering the questionnaire.

The FCs’ group also includes 11 live-in MCWs. We decided to consider them as family members because, de facto, they replace the natural OCRs’ sons and daughters living away. Moreover, since this study is focused on the use of the services and not on the relationship with the caring dyad or the care burden, including the small group of MCWs in the overall sample of FCs cannot affect the results at all.

The FCs’ sample comprises 71.43% women, the mean age is 66 years, and 96.76% is Italian. The respondents of other nationalities are 13 MCWs, except for one family caregiver from Albania and another one from Morocco caring for older parents; 69.25% of respondents are married, and 43.89% achieved a high school degree.

Concerning the relationship with the care recipient, 60.50% of respondents are sons and daughters. More than half of the sample lives with the OCR (56.97%). On average, the respondents are caring for their loved ones for more than 7 years (approximately 86 months), providing 62.06 h of care per week. Not surprisingly, given the intense care provided and the mean age, only 28.34% have paid work (working caregivers).

The OCRs’ mean age is 85.8, and they are mainly women (71.43%) and most Italian (99.55%). More than half are widowed (58.96%) and have a primary school education (61.90%), while 14.06% have no qualification.

Concerning the living conditions, 36.96% live with a daughter or son, 35.15% with a spouse or partner, 27.44% with the MCW, and only 14.97% live alone. The perceived health status is “fair (reasonable)” for 39.46 respondents and bad for approximately 21%. This perception is mirrored by the Barthel Index, according to which 44.14% of older care recipients have medium-high dependency levels (score 21–90) and 45.12% of OCRs hired an MCW.



3.2 Use of long-term care services by satisfaction

We analyzed the frequencies in the use of public and private healthcare services by the level of users’ satisfaction. The three most used services by OCRs are: (a) private home care, e.g., specialist practitioners, nurses, physiotherapists, and migrant family care assistants; (b) public home care, e.g., nurse, physiotherapist, and meal delivery (ADI); (c) public outpatient services, e.g., general practitioner, physiotherapist, social workers, and nurse (Table 1). The association between the frequency of use and the level of satisfaction is highly significant (p = 0.000).



TABLE 1 Logistic function: frequency of services use by satisfaction.
[image: Table displaying predictors related to care services, including frequency and satisfaction/dissatisfaction with private and public home and outpatient care. Columns show Estimate, Standard Error (SE), z-value, and significance (Pr(>|z|)). All predictors show significant results, with significance marked as *** for 1% and ** for 5%.]

The analysis shows that the first reasons for dissatisfaction toward public LTC services are the long waiting list, long procedure for obtaining the service, and the lack of public transport for reaching the services, while the main reason for dissatisfaction toward private LTC services is the high cost of the services.

In general, satisfaction is significantly associated with the use of private home care services, and dissatisfaction is significantly associated with the non-use of private home care and public outpatient services.

The correlation between the use of LTC services and the satisfaction experienced by users was also analyzed (Table 2). The outcome representing the total dissatisfaction with private LTC service is omitted due to collinearity, suggesting it is highly correlated with other predictors and adds no additional information to the model.



TABLE 2 Logistic function: public and private services use on satisfaction.
[image: Table displaying statistical analysis for private and public services satisfaction levels. Contains columns for predictors, estimate, standard error (SE), z-value, and p-value (Pr(>|z|)). Private services: Almost unsatisfied has an estimate of 17.85, z-value 0.747, p-value 0.227. Satisfied: estimate 2.689, z-value 2.382, p-value 0.017**. Very satisfied: estimate 3.778, z-value 8.190, p-value 0.000***. Totally satisfied: estimate 3.296, z-value 5.150, p-value 0.000***. Public services: Totally unsatisfied: estimate 17.022, z-value 1.088, p-value 0.138. Almost unsatisfied: estimate 17.795, z-value 0.773, p-value 0.221. Satisfied: estimate 18.509, z-value 0.017, p-value 0.987. Very satisfied: estimate 5.010, z-value 4.879, p-value 0.000***. Totally satisfied: estimate 4.232, z-value 4.072, p-value 0.000***. Note explains terms and significance levels.]

In this context, the TBM procedure was specifically designed to systematically address potential collinearity among predictors and mitigate multicollinearity. In the first step of the TBM procedure, Bayesian model selection utilizing the Bayesian Information Criterion (BIC) was employed to identify and retain only those predictors with significant explanatory power, automatically excluding highly collinear variables that did not provide unique explanatory value. This selection process inherently controls collinearity by emphasizing parsimony and penalizing model complexity. In instances where high correlation persisted among predictors, such as the previously mentioned “total dissatisfaction with private LTC services,” preliminary correlation analyses explicitly identified these predictors, which were subsequently omitted to ensure model robustness and avoid redundancy.

Alternative strategies for addressing collinearity, including variance inflation factor (VIF) analysis, ridge or lasso regression methods, and principal component analysis (PCA), were considered. However, these methods were ultimately not adopted due to the specific nature of the data and research objectives. The Bayesian model selection approach was deemed most appropriate as it systematically balances model fit and complexity, ensuring robustness without compromising interpretability and model parsimony.

The outputs “Totally unsatisfied,” “Almost unsatisfied,” and “Satisfied” have extremely high coefficients, despite the fact that they are not statistically significant (p= > 0.99).

High and total satisfaction with public services is highly significant, confirming that higher satisfaction levels strongly contribute to service use.

Being almost unsatisfied with both public and private LTC services and satisfied with public ones has minimal influence on the use of the services.

With a normalized contribution of 97%, satisfaction with private LTC services dominates the other predictors (Table 3), suggesting that satisfaction at this level is the most influential factor in determining the outcome, likely reflecting a critical threshold in service perception.



TABLE 3 Normalized contribution (%): public and private services use on satisfaction.
[image: Table displaying the normalized contribution of variables for Private and Public LTC services. For Private LTC, "Satisfied" has 97%, "Almost unsatisfied" 48.98%, "Totally unsatisfied" 22.62%, "Very satisfied" 0.14%, and "Totally satisfied" 0.06%. For Public LTC, "Almost unsatisfied" has 51.58%, "Very satisfied" 0.04% and 0.02%, and "Satisfied" 0.01%. A note explains the normalized contribution calculation formula.]

Being almost unsatisfied with public and private LTC services, older people and their family caregivers moderately influence the use of the services by (51.58 and 48.98%, respectively).

Dissatisfaction with private LTC services may have some influence (22.62%), but it is less impactful than higher satisfaction levels. This suggests that dissatisfaction in the private care sector may matter and that its influence may diminish compared to moderate or high satisfaction levels.

High and total satisfaction with both private and public services contribute very little to the use of LTC services (all below 0.15%). This might indicate a diminishing return effect, where higher satisfaction levels (e.g., high significance levels in the logistic function) do not significantly alter the tendency of using a service once a certain threshold of satisfaction is reached (e.g., “Satisfied”).



3.3 Drivers and barriers to the use of elder LTC services

Concerning the drivers to the use of public healthcare services (Table 4), there is a high statistical significance between the use of the services and the OCR’s age (p = 0.000; OR = 1.438), the perceived health status (p = 0.000; OR = 1.559), the FC’s age (p = 0.009; OR = 1.451), the non-use of private services (because too much expensive), and financial difficulties (p = 0.000; OR = 1.614).



TABLE 4 Logistic function: drivers and barriers to the use of healthcare services.
[image: Table displaying predictors, estimates, standard errors, z-values, p-values, odds ratios, and effect percentages related to drivers and barriers in health services. Key findings include significant predictors such as OCR's perceived health, OCR's age, FC's age, and more. Notable barriers include OCR's wellbeing and employment of an MCW. MCW's country factors, like being in Eastern Europe or outside the EU, also impact outcomes. Statistical significance is noted with asterisks for different levels (**, ***).]

A moderate positive correlation is observed between the use of services and: the OCR’s level of dependency (p = 0.018; OR = 1.863); the evaluation of the MCW as too much expensive (p = 0.027; OR = 1.919); and the lack of access requirements to the public services (p = 0.019; OR = 1.840). Using other services (p = 0.050; OR = 1.637) and attributing high importance to receiving proper information (p = 0.075; OR = 1.664) are only slightly correlated to the use of services.

The main barriers to the use of services (Table 4) are OCR’s good levels of wellbeing (p = 0.000; OR = 0.255), FC’s self-employment (p = 0.000; OR = 0.408), and employing an MCW (p = 0.003; OR = 0.774).

Receiving informal support from relatives and friends and receiving support from an MCW are moderately correlated to the non-use of services (p = 0.023; OR = 0.287 and p = 0.034; OR = 0.550, respectively).

Noteworthy, the significance varies according to the MCW’s birth country: care workers from no EU country (p = 0.0000) and care workers from Eastern Europe (p = 0.0026) but with slight effects on the outcome (22.62 and 28.23%, respectively).

Not benefiting from paid care leaves by FCs, according to law 104/1992, is moderately significantly correlated to a reduced use of services (p = 0.028; OR = 0.568) with an effect set to 43.24%.

Table 5 shows that the increased frequency of outpatient services (e.g., general practitioner and nurse) would require the use of additional services (p = 0.000), especially help with house cleaning and persons’ care. The difficulty in finding these services (economic and non-economic) demonstrates the positive effect of the covariate (e.g., greater demand for outpatient services). Moreover, the increase in dissatisfaction would lead to a need for more services (p = 0.000).



TABLE 5 Logistic function: predictors of use of healthcare services.
[image: Table showing predictors of long-term care (LTC) service use with columns for Estimate, Standard Error (SE), z-value, and Pr(>|z|). Predictors include frequency and dissatisfaction with outpatient, public home care, and private services, with estimates ranging from -2.346 to 3.943. Pr(>|z|) indicates significance levels with asterisks for varying degrees of significance: (*) for 10%, (**) for 5%, and (***) for 1%.]

Moreover, the low frequency in the use of public home care (ADI) increases the need for further services (p = 0.000). The low utilization of this is correlated to the non-satisfaction with the quality/quantity of the service (p = 0.000). For instance, under “other,” the main responses have been “excessive costs” for private home care. More precisely, according to the few responses received (70 out of 441), the costs incurred are on average 1,121€ per month (The datum is not reported in Table 5). Older people would like more private services, such as day-care centers and transport (p = 0.005). The reason for dissatisfaction is more related to the poor quantity/quality of services and to the costs (p = 0.000).




4 Discussion and conclusion

This is one of the few studies exploring the LTC needs of older people and family caregivers living in a region of Central Italy that involves care dyads and one of the first that identifies the barriers and drivers to the use of healthcare and LTC services at the regional level.

The study confirms that the barriers to the use of LTC and healthcare services by older people and their family caregivers in this region have their origin at micro, meso, and macro societal levels, and that they are often intertwined and reciprocally dependent.

At the macro level, the study shows that the poor offer of public home care and day-care centers, and the unaffordable costs of the private ones are the main barriers to the use of public LTC and healthcare services. This result mirrors the lack of an all-embracing LTC system in Italy, which is able to take inequalities under control (24, 27).

At the micro level, the main barriers are the family caregiver’s age and gender and the older person’s income. The use of LTC services increases with the family caregiver’s age increase, and mirrors a bulk of literature on the prevalence of women in informal caregiving (47), especially in personal care (48). Moreover, the study demonstrates that older care recipients with a lower income tend to make higher use of public healthcare services (e.g., day-hospital and general practitioners) that are for free. Noteworthy, an intensive use of public outpatient services does not correspond to a higher personal satisfaction with the service. In other words, respondents do not use a service because they are happy with it, but they are unhappy with it. This dissatisfaction might be due to the greatest difficulties they reported in accessing services (e.g., bureaucracy, transportation, and waiting lists). These outcomes confirm previous findings focused on the Italian context (38, 39), and also add the lack of public transport for reaching services to the list of already well-known barriers. In fact, outpatient visits and clinical and screening examinations are offered throughout the Marche region without following the principle of proximity to the patient’s home. Thus, it can happen that the first facility available to carry out the examination needed is 50 or more km away, in places that can often only be reached by car. This system of providing medical services puts at a disadvantage the older persons who do not feel safe driving and persons with disabilities who may be dependent on others for transportation. This difficulty is overcome by accessing closer and more expensive private services, but only by citizens who can afford them.

At the meso level, the main barriers to the use of public LTC services are the scarcity of services and the low level of satisfaction with them (24, 27), the lack of proper information on the features of the services, and the long and difficult access procedure also through the local offices (29).

Among the meso-level factors influencing the use of services, we also include the employment of migrant care workers (MCWs), as these represent the nexus between public resources (i.e., IDA) and private households. In contrast to García-Gómez et al. (55), our study underlines that considering the employment of an MCW as too expensive does not prevent families from hiring them. In fact, the families’ need for daily intense care of OCRs and the poor and insufficient provision of public home care services make MCWs an indispensable support that FCs are willing to pay for. Moreover, employing an MCW is still cheaper than resorting to a residential facility (approximately 1,000 vs. circa 2,000 Euros/month).

Noteworthy, the employment of an MCW, associated with the high satisfaction reported toward this service, coincides with a higher use of public LTC services. This outcome can probably be explained by the fact that older people with medium-high dependency levels (i.e., this study’s inclusion criteria) integrate the few existing public LTC services, such as home care (ADI), with the constant and tailored support provided by the MCW paid out-of-pocket because this is considered well-spent money.

The study also sheds light on the small difference in the full satisfaction with this private service, depending on the MCW’s country of origin. In fact, older persons who can count on the support of an MCW from a non-EU country tend to be more satisfied than those who hired an MCW from European countries (especially Eastern ones). This outcome can be explained by the different migration plans of the two typologies of care workers. MCWs from outside Europe live permanently in Italy and rarely reach their country of origin. This may increase their attachment to the job and give family caregivers greater guarantees of continuity in the care job. In contrast, MCWs from Eastern Europe tend to return to their home country more often, thus forcing family caregivers to find substitutes for their periods of absence (16, 49).


4.1 Policy considerations: the long way toward an all-embracing LTC system in Italy

In light of the results, some considerations follow on whether and to which extent the current reform of the LTC sector in Italy can address the real needs of older adults and their family caregivers and break down the barriers to the use of healthcare and LTC services.

The results confirm that home care is the most needed service among the surveyed older Italians and that the first obstacle to the use of domiciliary care (ADI) is its unavailability or the low number of hours and intensity of assistance currently granted by the Marche’s regional health system. Unfortunately, the first implementing decree of Law 33/2023, as approved in March 2024, did not indicate how to increase the number of hours of home care provided and its healthcare intensity, nor on the professionals involved. Only the coordination between social and health interventions provided by the current home care services remains mentioned, while decisive aspects such as the duration of the care provided and the different professionals to be involved have been so far neglected. It is therefore urgent that policymakers come back to the reform and consider providing clear guidelines and indicating proper resources for improving this service. In addition, it is worth mentioning that in this first implementing decree, the functions of the SNAA (i.e., the body entitled to unify health, social, and welfare measures at different government levels) were limited to the management of social services only (thus neglecting the health ones and INPS benefits), excluding the local, regional authorities entitled to provide healthcare services and the local ones that are in charge of social services provision.

This study, in line with previous literature (50), shows that the employment of MCWs remains the main strategy for facing the insufficient provision of domiciliary care in the Marche region, mirroring the national trend. Thus, policies strengthening the training of MCWs and integrating them into a system of matching labor supply and demand (51) are recommended to increase their bargaining power, ensuring fair contractual treatment and improving the quality of care provided (17, 18). The Law 33/2023 provides for recognition of social security and tax benefits with a view to their “reorganization,” i.e., tax intervention (e.g., deductions) to relieve families somewhat of the burden of paying for personal assistance. The law also foresees the training of the MCWs and the identification of training standards to address, and from which training plans and regional registers should be developed. Nevertheless, the implementing decrees did not give indication either about the tax intervention for older adults or the training standards for MCWs, postponing these issues to subsequent decrees.

The study also shows that benefitting from the paid leaves established by Law 104/1992 is associated with a lower use of other services by FCs, thus highlighting a strong connection between the macro (the national legislation) and the micro societal level (the individual choices). In fact, according to this regulation, all FCs of older persons who do not reach a level of severe or very severe disability but still need assistance (because they have lost a large part of their autonomy) are excluded from the use of paid care leaves and home care services (mainly the ADI). Paid leaves modulated on different degrees of disability and the possibility of choosing between in-kind services and monetary contribution continue to be essential not to cutoff millions of older people with partial LTC needs and working family caregivers who daily fight for properly reconciling work and care. This aspect, as well as measures to support family caregivers, such as training, psychological support, respite care etc., have been totally neglected by the first implementing decree, which provides only generic indications on support via new regulations, measures to certify professional skills acquired, and of their participation in service planning.

Moreover, concerning residential care, the implementing decree does not contain any substantial indications and refers to a later decree. On the contrary, the inequality in the availability of beds in residential facilities and the quality of the provided assistance across regions (52) would require a clear intervention by the State in accordance with the regional healthcare authorities that participate to covering healthcare costs.

Moreover, the IDA was not reformed at all, but a new universal cash benefit was added, which will be tested in the 2 years 2025/2026 and consists of increasing the IDA by approximately 250%. This means that a small, highly selected sample of 25,000 over 80-year-old people, already entitled to receive the IDA according to the past legislation, will receive 1.380€ instead of the 530€ they currently receive until the allocated funds are exhausted. Furthermore, the lack of clearness about available services and procedures represents a strong barrier to access to public health services. This result calls for opening and/or strengthening Single Points of Access (Punti Unici di Accesso) and providing individualized care plans (Piani Assistenziali Individualizzati) for each user based on the multidimensional assessment, as foreseen by Law 33/2023. Again, the first implementing decree, in fact, reaffirms the basic principle but does not indicate how to implement it, i.e., in terms of the composition of the assessment unit, how it is to operate, the national tool for assessing LTC, and disability conditions.

Concerning the correlation between the use of public and private LTC services and the satisfaction with their use, high levels of satisfaction seem to be a driver to the use of LTC services by older people and family caregivers, to a higher extent than the satisfaction with private services, thus highlighting a specific area for targeted improvement in public services.

Moreover, the provision of outpatient services, such as specialist visits and screening examinations, has to be re-designed to make services more accessible, closer to the patients’ home, and reachable with public transport. To this purpose, agreements with transport companies and voluntary associations could be signed to maintain the costs affordable and overcome inequalities for (older) people with severe physical and/or cognitive limitations.

Noteworthy, for the dependent older people and their family caregivers in Italy, it is enough to have a minimum level of satisfaction with public LTC services to continue using them. This indicates a downward adjustment of their care expectations, which could also hide a kind of resignation. A similar attitude is found for using private LTC services, i.e., mainly the employment of MCW. In fact, dissatisfaction weighs less heavily than satisfaction in using private services such as MCW. Thus, although an older person is dissatisfied, s/he will continue to employ MCW, probably because there is no alternative that provides greater satisfaction for the same cost and quality of care provided. This outcome also calls for an effort by the regional healthcare system to increase the quality level of public LTC services to meet the care expectations of their citizens. To improve the chances that the services meet the users’ preferences, the regional healthcare systems manager should foresee co-design sessions with representatives of older people with LTC needs and their caregivers.

Thus, to date, not all the needs of the older people have been met by the reform, and there are still factors hindering the use of public LTC services, such as the scarcity of in-kind measures provision, clear information, services reachable by citizens with limited mobility solutions, especially older people, support services for family caregivers, the regulation of MCWs employment and their life-long training ensuring the quality of the care provided, and a tested-means monetary contribution based on different level of disability. It is crucial to underline such barriers to design evidence-based policies and measures both at the national and regional levels that can be integrated in future decrees, to implement the point of the reform that have not been met yet. Under current circumstances, however, the way toward a universal and comprehensive LTC system that can interpret at the national level the needs of the older population and family caregivers raised at the local level seems to be still rather long.



4.2 Study limitations and suggestions for future research

This study is not without limitations. The main one lies in the convenience/purposive and small-size sampling that does not allow data generalization to the overall older Italian population. However, it is precisely the specificity of this sample that can provide an in-depth snapshot of what is happening in this region and contribute to an understanding of the differences and disparities that can exist within the same country.

Moreover, the questionnaire did not include questions on respondents’ cultural patterns, such as, filial obligations, stigma, and traditional representations of care that might have influenced the access and use of healthcare and LTC services.

Furthermore, the use of open-ended questions would have allowed the collection of respondents’ opinions on the quality of services, the difficulties they face, and their suggestions for improvement.

Finally, the questionnaire did not explore the respondents’ expenditure for private healthcare and LTC services, thus preventing any analysis of cost barriers to private LTC services.

From a research perspective, other region-based studies are welcome to compare different regional health systems’ weaknesses and strengths. Moreover, longitudinal and cohort studies are recommended to understand the effects of the LTC reform on the use of services: the same questionnaire should be administered to the older population with the same characteristics as the one involved in this study, between 5 and 10 years. Moreover, regional-based studies that analyze older care recipients’ perspectives using a qualitative method can help better understand the difficulties they encounter in everyday care.

The results of this study confirm the initial hypothesis that the use of LTC services is shaped by a combination of factors operating at macro, meso, and micro levels. However, findings also suggest alternative interpretations that deserve further attention. For instance, the employment of migrant care workers, often seen as a substitute for public provision, appears here as a complementary strategy to compensate for gaps in formal care. Furthermore, the influence of satisfaction on service use highlights a behavioral dimension that may reflect adjusted expectations or resignation, particularly among older adults. These insights call for future research and policy efforts to reconsider how user experience and informal care arrangements interact with formal service delivery.
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Objectives: This study aims to integrate the data on the effects of a pre-established medical care program on hospitalized older adults with chronic heart failure (CHF).
Method: A comprehensive systematic review incorporating mixed research methodologies was undertaken. Quality assessment was conducted using the Critical Appraisal Tool developed by Joanna Briggs Institute, adhering to the PRISMA guidelines for studies. Where appropriate, data were synthesized and aggregated for meta-analysis or meta-aggregation.
Results: A total of 2,825 articles were found, of which 11 met the inclusion criteria. Meta-analysis showed that the implementation of advance care planning (ACP) can significantly increase the willingness and proportion of patients with CHF to choose and receive hospice services during their end-of-life phase. Meta-aggregation showed that the ACP intervention has a positive impact on participants, promotes their knowledge and understanding, and makes them share their decision-making with their families.
Conclusion: ACP is a promising and feasible intervention that can help older adults with CHF accurately understand ACP and express their wishes timely. This study provides insights and empirical evidence to improve ACP, and valuable guidance and reference for future clinical practice.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/, PROSPERO, identifier: CRD42024580814.
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1 Introduction

As the population ages and the incidence of chronic diseases increases, medical and social healthcare systems are facing an increasingly heavy burden (1). Chronic diseases are illnesses that persist for a long time and are rarely cured, which generally need long-term treatment and monitoring, and hospitalization is always possible (2, 3). Previous studies have shown that heart failure (HF) is a significant contributor to hospital admissions and that HF patients usually have a high comorbidity rate, which can lead to a significant disease burden (4, 5). Estimates suggest that total healthcare costs due to HF in the USA will reach $69.8 billion by 2030, which equates to a cost of approximately $244 per US adult (6). Although the lifespan of HF patients has increased of late, their quality of life has not significantly improved (7, 8). Consequently, HF imposes economic and life burden on the family, which makes it a significant worldwide health burden (9, 10).

Chronic heart failure (CHF) is rapidly becoming a major threat to human health (11) and is one of the primary causes of hospitalization in the older adults (10). Clinical manifestations of CHF usually include dyspnea, edema, fluid retention, and fatigue. Patients with CHF are more likely to develop other comorbidities (12). Cardiogenic shock (CS) is an extremely serious clinical condition, and studies have shown that more than half of CS cases may be closely associated with CHF (13). In addition, patients with CHF often suffer from complications due to psychological disorders, which not only further severely impair their quality of life but also significantly increase the mortality rate, perhaps even doubling it (14). Furthermore, CHF patients have high rates of rehospitalization within 2 years and in-hospital mortality, so approaches to alleviating unnecessary burdens need to be developed (15).

Advance care planning (ACP) is a comprehensive and ongoing process in which the individual is actively involved in making decisions about their future healthcare, with a special emphasis on ensuring that they receive care in accordance with their preferences, values, and philosophy of life, especially in the face of a serious illness or at the end of life (EOL). This approach enables the individual to express their wishes and preferences regarding their healthcare, thereby safeguarding their autonomy even when they may lose the capacity to do so directly (16). Previous studies have shown that ACP interventions can improve outcomes in older patients, including making specific decisions together with relatives, identifying wishes and values, and reducing unnecessary treatment and hospitalization (17–19). However, promoting ACP remains challenging, especially among CHF patients who have conscious disturbances due to the changes in their illness (e.g., CS), which makes it impossible for the patients to accurately convey their wishes (20). Therefore, timely ACP interventions are necessary for patients with CHF (21).

Several systematic assessments have been conducted to evaluate the efficacy of ACP programs in different groups of older patients (22–25). However, none of these assessments have focused on ACP for older adults with CHF. Therefore, this mixed-methods systematic review (MMSR) aims to bring together relevant evidence from both quantitative and qualitative studies using a holistic approach, taking into account the importance of validity and practical experience (26). In an MMSR, the quantitative component incorporates a wide range of research design options, whereas the qualitative component explores the meaning and understanding of interventions. In this study, a definitive synthesis study combining quantitative and qualitative evidence was designed to provide strategic guidance for the design and implementation of ACP for older populations with CHF.



2 Method

This review followed the MMSR methodological framework developed by Joanna Briggs Institute (JBI) and Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and aimed to accurately address the established review questions and systematically synthesize and integrate the data (27, 28). This review was registered on PROSPERO (CRD42022329615).


2.1 Search strategy

Seven databases were used in the search, namely PubMed, CINAHL, MEDLINE, Web of Science, CNKI, Embase, and Cochrane Library, which was carried out from the date of initiation of the database to 29 October 2024. The search keywords encompassed relevant subject headings and universal symbols related to “advance care planning,” “end of life discuss,” “heart failure,” and “aged.” The gray literature database and clinical trial registries were searched for relevant unpublished studies. Reference lists of the included studies and relevant review articles were manually searched to identify eligible studies that may have been overlooked during the initial search. A detailed search plan was developed and documented prior to the beginning of the search to ensure that the search was comprehensive and reproducible. To mitigate the risk of publication bias, searches were not restricted by publication status.



2.2 Study selection

The inclusion criteria were developed based on participants, interventions, outcomes/associated phenomena, context, and type of study. Interventions that focused on the development of resuscitation-assisted euthanasia were excluded, but interventions that focused on ACP or advance directive (AD) forms were included. ACP is an ongoing process and should therefore report its relevant process outcomes (including various outcomes in the progress of the ACP as well as the final outcome) (22, 29). Coronary care unit (CCU) patients were excluded because they could not make clear decisions (30). Average age was set as 50 years to cater to a sufficient number of included studies and to improve the reliability of the results (Table 1). Two reviewers independently screened the title and abstract of the studies to exclude those that were not relevant to the present study, and potentially compatible studies were retained for further evaluation. One reviewer first meticulously browsed and reviewed the full text of an initially included study according to the eligibility criteria, followed by an independent review by another reviewer. In case of any disagreement, an in-depth discussion was held to reach consensus and make a decision.


TABLE 1 Eligibility criteria of studies.

[image: A table displaying inclusion and exclusion criteria for quantitative and qualitative components across five dimensions: Types of participants, Types of interventions, Outcomes, Context, and Types of studies. Inclusion criteria specify older adults with heart failure, interventions promoting advance care planning, and various study types including RCTs. Exclusion criteria include younger participants and studies on resuscitation-assisted euthanasia. The table also notes specific contexts like community settings versus cardiac care units. ACP: advance care planning; AD: advance directive; CCU: cardiac care unit; RCT: randomized controlled trial.]



2.3 Data extraction

Using standardized JBI data extraction methods, one reviewer extracted quantitative and qualitative data separately and discussed the methods and findings with the other reviewer (31). The quantitative data extracted included information on authors, published year, participants, environmental context, study design, interventions, findings, and effectiveness (Table 2). The qualitative data extracted included information on the phenomenon of interest related to the research objectives, study population, research methodology, contextual environment, cultural information, and data analyses (Table 3). In addition, an interpretation of the results of qualitative data analysis was obtained from the authors, which encompassed the primary theme of cultural literacy and its subthemes. Two reviewers independently assessed the “confidence” (defined as clarity, reliability, and unsupported) of the study information based on the established descriptions (specifically, direct quotations from participants' original statements, field observation records, or other raw data) (31).


TABLE 2 Summary of characteristics of quantitative results of the included studies.

[image: A table summarizing various studies on advance care planning (ACP) for chronic heart failure patients. It includes columns for references, participants and settings, study design, intervention, results, and outcome measures. Each row details a specific study, listing the type of intervention such as DS-ACP programs or ACP educational videos, the study's results, and the outcomes measured like preferences for end-of-life care, completion of advance directive forms, or satisfaction with patient interventions. The table compares outcomes using statistical measurements and provides insights into the effectiveness of different ACP methods.]


TABLE 3 Summary of characteristics of qualitative results of the included studies.

[image: Table summarizing two studies on CHF patients. First study by Habal et al. involved 41 patients using mixed methods, focusing on awareness and comprehension of ACDs. Themes included awareness, knowledge of resuscitation options, and current preferences. Second study by Werdecker et al. involved 30 patients using qualitative methods, examining perceptions of ACP, with themes of willingness to discuss ACP, illness, death, and decision-making roles. Abbreviations: ACD (advance care directive), CHF (chronic heart failure), ACP (advance care planning).]



2.4 Quality appraisal

The two independent reviewers applied the JBI Critical Appraisal Tool to evaluate eligible studies (31), which included assessment checklists for randomized controlled trials (RCTs), quasi-experimental studies (non-randomized experimental studies), and qualitative studies. Assessment checklists provided answers to all questions in the form of “Yes,” “No,” or “Unclear.” An all-“Yes” response represented high quality of the study; one or two “Unclear” or “No” responses represented medium quality; and more than two “Unclear” or “No” responses represented low quality. All the included studies were categorized into low, moderate, and high quality using this method. Any disagreements that arose during the data extraction and quality assessment process were discussed in depth until a consensus was reached.



2.5 Data synthesis and integration

As this review aimed to explore the different dimensions of a phenomenon of interest, a convergent segmentation method was used to synthesize and integrate quantitative and qualitative data (27, 31). Where available, statistical meta-analyses of the quantitative data were conducted, and Review Manager V.5.4 of Cochrane Collaboration was used to obtain combined effect estimates. In addition, I2 statistic and χ2 test were used to assess heterogeneity. When statistical aggregation was not feasible, a narrative approach was followed to summarize the results. For the results of the qualitative study, the JBI methodology was adopted and meta-aggregation methods were used for integration (31). The findings obtained from the included studies (level 1) were compiled into coherent statements. Subsequently, similarities in meaning among these findings were collected to establish categorization (level 2). Finally, by synthesizing these categories (level 3), a comprehensive collection of the synthesized findings was produced for use in evidence-based practice (31).




3 Results


3.1 Study selection

A total of 2,825 articles were retrieved in our search. After removing 517 duplicates, the title and abstract of the remaining 2,308 papers were examined, which resulted in the selection of 61 studies. Then, the full text of these 61 studies was checked. Finally, 11 articles were included (32–42) (Figure 1).


[image: Flowchart illustrating the PRISMA process for a systematic review. Stages: identification with 2,825 records, 517 duplicates removed; screening with 2,308 records, 2,247 excluded; eligibility with 61 full-text articles, further exclusions detailed; final inclusion of 11 studies in review and 7 in meta-analysis.]
FIGURE 1
 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the study selection process.




3.2 Methodological quality

Among the quantitative studies included (n = 9), six studies were rated as medium quality, one as high quality, and two as low quality. There were five RCTs, two of which had missing information regarding the blinding of participants (32, 40) and four lacked information on the blinding of treatment assignment (32, 35, 37, 40). The remaining three studies were classified as quasi-experimental studies and one as mixed study. Four studies lacked a control group (33, 34, 38, 39). Two studies did not provide information on whether participants received comparable treatment or care in addition to the specific exposure or intervention being investigated (38, 39). One study lacked information regarding multiple outcome measurements (39). All included qualitative studies (n = 2) were rated as moderate quality because the authors did not clearly articulate their theoretical frameworks, cultural orientations, and the potential impact of these factors (41, 42).



3.3 Characteristics of the included studies

The core characteristics of the included studies were summarized and presented. A total of 11 articles, whose publication year spanned from 2011 to 2024, were included in this review. Study designs encompassed five two-arm RCTs (n = 5) (32, 35–37, 40), one mixed-method design combining a one-arm pretest–posttest approach with a qualitative component (38), two one-arm pretest–posttest design (33, 34), one one-arm posttest design (39), and two qualitative studies (41, 42). A total of 2,809 participants were recruited in these studies. The sample size varied between 20 and 1,894 participants, all of whom were sourced from medical centers. Study samples had an average age of 53–83 years, and all the samples were from hospital settings.



3.4 Synthesis of quantitative evidence

A meta-analysis can be conducted to examine the impact of interventions on EOL care preferences as it allows for the analysis of consistent data across studies (32, 35). Other outcomes, including ACP completion, satisfaction, readiness, attitude, knowledge, ACP engagement, ACP self-efficacy, dynamics for EOL preferences, congruence, and EOL care preferences. These results could not be statistically summarized and were therefore represented through narrative integration.


3.4.1 ACP-related completion

Three studies showed ACP-related completion after ACP intervention (32–34). In one study, a significant proportion of participants (94.3%) who finished the disease-specific advance care planning (DS-ACP) had a health directive in place, whereas only 24.8% of those who did not complete the DS-ACP process had a health directive (32). Another study demonstrated that after the intervention, 62% of patients had completed either an AD or physician orders for life-sustaining treatment (POLST) form within a 6-month period, as opposed to 51% who did that before the intervention. Furthermore, there was an increase in the number of patients completing a POLST form within 6 months of the intervention, from 13 patients (35%) to 19 patients (51%) (34). One showed an increase in the number of participants completing ADs (28% vs. 47%) (33).



3.4.2 Satisfaction

Only one study reported satisfaction regarding ACP interventions (39). The results indicated a high level of satisfaction by patients, with 80% of patients expressing either satisfaction or very high satisfaction and stating that they would recommend the intervention to other patients.



3.4.3 Readiness

A statistically significant increase was observed in patient readiness to engage in ACP from before the intervention to after the intervention, with a change score of +0.53 (p < 0.01) (38). However, at the 1-month follow-up, it decreased almost back to the level before the panel visit (change score of 0.52; p < 0.01) (38).



3.4.4 Attitude

One study used a revised version of the Advance Directive Attitude Survey (ADAS) to evaluate patients' attitudes toward ACP interventions. The findings revealed a notable increase in ADAS mean scores, from 57% at baseline to 80% after 3 months (33). A statistically significant enhancement was observed in patients' readiness to engage in ACP from before the intervention to after the intervention, with a change score of +0.53 (p < 0.01) (36).



3.4.5 Knowledge

One study used ACP Knowledge Questionnaire to evaluate ACP knowledge and found that participants in the intervention arm had higher mean knowledge scores compared with control participants (4.1 ± 1.4 vs. 3.0 ± 1.5; p < 0.001) (35).



3.4.6 ACP engagement

Only one study addressed ACP engagement, not through specific data points but rather by noting that participants in the intervention group were more inclined to report having conversations about goals of care (GOC) with their healthcare providers (35).



3.4.7 Dynamics for end-of-life preferences

One study used a self-efficacy questionnaire to assess patients' self-efficacy levels and found that those with higher self-efficacy were more likely to choose aggressive EOL care (37). Conversely, it reported a progressive increase in the percentage of patients who changed their EOL care preferences compared with the baseline figures (37). In addition, the same study found that EOL preferences are influenced by other factors, suggesting that older patients have a lower level of interest in preferences for aggressive EOL care as their preferences are more influenced by factors such as financial constraints, proper knowledge of prognosis, and conflicts in decision-making (37).



3.4.8 AD-related outcomes

A study that used the self-efficacy questionnaire as an assessment tool showed that there was no statistically significant overall change in patient self-efficacy (with a change score of +0.29; p = 0.11). Notably, 1 month after the group intervention, a decline in self-efficacy was observed, with levels falling below those recorded before the group intervention (change score −0.40; p < 0.05) (38).



3.4.9 Congruence

Two studies examined the consistency in preferences by patients and their families/doctors. One study revealed that the intervention group showed a higher degree of alignment with respect to GOC. Specifically, individuals in the intervention group were approximately nine times more likely to achieve congruence in GOC compared with those in the control group. However, the difference observed between the two groups did not reach statistical significance (p = 0.064) (36). Another study reported that the agreement between clinicians' and patients' ACP preferences was higher in the intervention group than in the control group (35).



3.4.10 Preference of EOL care

A combined analysis of two studies showed a significant impact of the intervention on the selection of EOL care preferences (Figure 2). Specifically, the mean difference in EOL care preference was 2.29, with a 95% confidence interval (CI) ranging from 1.60 to 3.28. However, it should be noted that the p-value was 0.75, indicating no statistical significance, and the I2 statistic was 0%, suggesting no heterogeneity between the two studies (32, 35).


[image: Forest plot showing odds ratios for two studies: Eijunathi 2016 and Schnellinger 2011. Eijunathi shows an odds ratio of 2.14 with a 95% confidence interval of 1.45 to 3.14, and Schnellinger shows an odds ratio of 2.16 with a 95% confidence interval of 1.31 to 3.54. The total odds ratio is 2.29 with a 95% confidence interval of 1.60 to 3.28. The plot includes a diamond indicating the overall effect and a horizontal line for confidence intervals. The heterogeneity (Chi² = 0.11, I² = 0%) suggests consistency between studies.]
FIGURE 2
 Forest plot of pooled results for preference of EOL care.





3.5 Synthesis of qualitative evidence

Using a meta-aggregation process of the qualitative evidence, three key themes were identified: insufficient information, positive impact, and clashing perspectives. ACP-related knowledge was categorized under the insufficient information theme. ACP engagement strategies and gain benefits were two subthemes identified in the positive impact theme. Role of family and decision-making are two subthemes identified within the clashing perspectives theme (Table 4).


TABLE 4 Meta-aggregation of qualitative findings.

[image: A table titled "Findings (level 1)" with three columns: Findings, Categories (level 2), and Synthesized findings (level 3). It includes insights on ACP (Advance Care Planning)-related knowledge and strategies, gain benefits, the role of family, and decision-making. Findings indicate insufficient information, positive impact, clashing perspectives, and decision-making processes. Each entry has a reference number, with "U" denoting data from participants. Footnotes explain abbreviations related to evidence levels and terminology, including ACD, SDM, advance directives, ACP, and healthcare planning.]


3.5.1 ACP-related knowledge

The majority of participants did not know ACP and were even rather skeptical about the usefulness of ACP (41, 42). Some participants thought that an ACP intervention gives them a clear idea of what they want and do not want (42).



3.5.2 ACP engagement strategies

The majority of participants expressed a willingness to engage in ACP discussions and believed that they obtained higher levels of knowledge about the disease after the discussion than earlier and showed a strong willingness of patients to participate in the ACP (41, 42). In addition, the success of an ACP discussion was found to be influenced by various factors, such as the atmosphere, time allotted, way of communication, trust, and orientation to the patient's individual needs (42).



3.5.3 Gain benefits

A number of participants reported that the medical staff explained the ACP clearly and made them feel comfortable and at ease (42). Some participants expressed that medical staff need to listen to them so that they can express their wild ideas (42).



3.5.4 Role of family

Besides participants, their families were also involved in ACP decision-making to obtain expert information or clarification of significant issues from professional advisers and to make unanimous decisions (42). However, when a participant makes a decision that surprises their family or seems unreasonable to them, the family questions the decision and potentially creates conflict (42).



3.5.5 Decision-making

Participants felt that creating spaces for open communication with relatives regarding ACP counseling helped their decision-making process (41, 42). The stronger the desire for co-decision-making, the stronger the desire for self-determination over future decision-making. After ACP intervention, participants expressed that they were able to identify someone whom they would choose as their substitute decision maker (41).




3.6 Integration of quantitative and qualitative evidence

The combined results of the quantitative and qualitative evidence were generally consistent, and the results of the three-part summary are presented in detail in Table 5. The positive perceptions of participants toward the ACP intervention, as reflected in the qualitative evidence, provided insights into the significant enhancements observed in various ACP outcomes reported in the quantitative evidence.


TABLE 5 Integration of quantitative evidence and qualitative evidence.

[image: A table presents quantitative results of a study on advance care planning. The table includes sections on ACP completion, satisfaction, readiness, attitude, knowledge, ACP engagement, self-efficacy, dynamics for end-of-life preferences, congruence, and preference of end-of-life care. Findings reveal significant improvements in areas such as health directives, patient satisfaction, knowledge, and self-efficacy among intervention participants. The table also shows dynamics of end-of-life care preferences, highlighting factors like finances and understanding. It notes higher preference for comfort care in the intervention group, with a notable proportion preferring to die at home.]


3.6.1 Empowerment

Quantitative and qualitative studies have consistently stated that ACP interventions are beneficial in promoting patients' understanding of ACP-related knowledge. In this study, quantitative data showed that ACP interventions significantly increase participants' completion (32–34) while also improving their engagement in ACP (35). In addition, quantitative data also suggested that the ACP intervention increases patient satisfaction and a sense of good experience during the intervention process, which depends largely on the professionalism of the ACP intervention. Besides, qualitative data suggested that ACP enables people to have a clear understanding of what they want and to be comfortable discussing it with medical staff/families to achieve the most satisfactory outcome (41, 42).



3.6.2 Obstacles and facilitators

Both quantitative and qualitative studies highlighted facilitators and obstacles to ACP preferences (37, 41, 42). Quantitative data showed that patients with higher self-efficacy are more likely to prefer aggressive EOL care and that age, economic status, knowledge of the disease, and decision-making conflicts are likely to influence patients' EOL preferences (37). However, participants' EOL preferences are not static; rather, they are more likely to change over time (37). Quantitative data also showed other subjective factors such as environment, timing, and way of communication style, but the most fundamental factor was the individual's willingness (42).



3.6.3 Decision-centered

Quantitative and qualitative studies emphasized decision-centered preference selection among clinicians, participants, and families. Quantitative data showed that after participants received ACP intervention, decision-making consistency between participants and both physicians and family members was found to be significantly higher than in the control group, and the majority of participants were more inclined to receive comfort care after the ACP intervention, reducing the invasive quality of care and enhancing patient quality of life (35, 36, 39, 40). Qualitative and quantitative evidence complemented each other, with quantitative data directly reflecting outcomes in this integration and qualitative data reflecting the complexity of the decision-making process, such as the conflict and mutual questioning of decision-making between patients and families, and the difficulty for patients in choosing an agent (42).





4 Discussion


4.1 Major findings

In this study, JBI's MMSR framework was used to synthesize both quantitative and qualitative evidence. This approach facilitated to achieve a comprehensive understanding of the effectiveness of ACP and the experiences of the participants (27). There were differences in the quality of quantitative studies as all prospective studies did not have a control group. The quality of qualitative studies was rated as moderate as these two studies lacked a theoretical framework and also due to the researcher's reflective and self-critical nature of the study.

The overall results showed that the integration of quantitative and qualitative research is both supplementary and consistent, with quantitative research as an etic perspective providing an objective outcome and qualitative research as an emic perspective providing process understanding. This helps demonstrate that the ACP intervention is a practical and effective approach to promoting ACP empowerment (including knowledge and attitudes) and decision-making for participants. Quantitative results in this study showed a significant increase in the number of ACP/AD completions and ACP knowledge scores in the intervention group (32, 35). This finding suggests that ACP intervention is effective in increasing patient understanding and engagement with the pre-established healthcare plan. This is consistent with the findings of the existing research. For example, Liu et al. (43) have found that a gamified ACP intervention significantly improves patients' ACP knowledge and completion rates. Qualitative results in this study add process to this finding and show that the medical staff provided clear explanations about ACP during the intervention, thus enhancing the patients' understanding of the ACP (42). Previous studies (44) have agreed that community populations show a low level of ACP participation. Therefore, based on the results of this review, promotion and explanation of ACP should be carried out at all levels of healthcare as the professional guidance of medical staff can have a positive effect on different populations. Participants in a qualitative study emphasized the importance of a respectful atmosphere and open communication (42), which may be one of the reasons for the high satisfaction rate reported in quantitative results (39). High-quality conversations are not possible without a good communication climate, and several cross-sectional studies (45, 46) now point to cursory, brief, and unprofessional communication as a significant impediment to achieving high patient satisfaction. Therefore, the quality of ACP interventions by medical staff relies not only on the content of communication but also on communication style and patient experience. Medical staff should be trained in communication skills to facilitate participation in ACP discussions. Quantitative results indicated a high rate of family involvement in decision-making and a significant increase in goal agreements between patients and families after ACP intervention (35, 36). However, one qualitative study also revealed the potential for conflict resulting from family involvement (42). Families may prefer aggressive treatment, whereas patients prefer comfort care. This inconsistency in decision-making may stem from emotional factors, differences in information about the condition, and cultural and social pressures. Therefore, healthcare professionals should train family members in communication skills and hospice knowledge to help them better understand the patient's wishes and values, to reduce emotional and practical pressures, to make clear that the role of the family is that of a supporter rather than a decision-maker, and to ensure that the patient's decision-making is autonomous and that the patient has the right to die with dignity, with the least amount of pain and suffering possible (47). In this study, we found that patients' ACP self-efficacy and readiness increased significantly after the intervention, but decreased to pre-intervention levels after 1 month (38). In contrast, previous studies have reported a significant increase in patients' self-efficacy and readiness after ACP intervention, but without returning to pre-intervention levels after a specific time period (43, 48, 49). Qualitative studies have further revealed patients' skepticism about the long-term usefulness of ACP (42). Therefore, it is possible that the long-term effectiveness of ACP intervention was affected by the skepticism and lack of knowledge of some of the participants.

Qualitative research and quantitative research complement each other, with the former revealing the mechanisms of action and contextual factors of interventions through in-depth analyses of participants' experiences and perspectives and the latter assessing the effectiveness of interventions through statistical analyses. However, in this study, qualitative research was not directly tested using quantitative research in some aspects, which provides a potential direction for future research. Regarding the timing of ACP discussions, qualitative findings suggested that many participants like to discuss ACP during the early stage of the disease (41), whereas quantitative studies did not explicitly test this. This finding is highly consistent with clinical practice recommendations that discussing ACP during the early stage of the disease significantly improves patient engagement and quality of decision-making. Ideal implementation of ACP should be an ongoing and dynamically adapted process that emphasizes a prospective and systematic approach rather than an acute and ad hoc one. For patients with CHF, the best practice is to initiate ACP at an early, stable stage of the disease, rather than waiting until the disease worsens. This early intervention helps build a therapeutic relationship based on care, trust, and long-term cooperation and creates favorable conditions for adequate communication and continuous adjustment of the patient's treatment preferences (50). In addition, qualitative findings revealed important insights into patients' preferences for EOL care, such as the desire to avoid hospital readmission and dying at home, and the dynamic nature of preferences (35). However, quantitative results, including a non-significant p-value for EOL care preferences (p = 0.75) and wide confidence intervals (1.60–3.28), suggest a significant uncertainty about the effect of the intervention, and these results should be interpreted with caution. Future studies should employ larger sample sizes and standardized intervention protocols to clarify the effect of interventions on hospice preferences.

Meta-analysis revealed that the ACP intervention for older adult individuals with CHF significantly enhances participants' satisfaction with ACP, readiness for ACP, knowledge related to ACP, engagement in ACP behaviors, and ultimately a higher completion rate of ACP. Meta-aggregation showed that participants generally lack ACP-related knowledge but have a positive attitude, and participants believe that ACP intervention provides a suitable opportunity to facilitate shared decision-making in the family and explain the relevant variables affecting ACP. These observations were consistent with the primary sources of the theory of planned behavior where attitude (i.e., evaluation of behavior and affective tendencies), subject norms (i.e., expectations and perceptions of others about particular behaviors), and perceived behavioral control (i.e., individuals' perceptions of their ability to successfully perform particular behaviors) shape an individual' s behavioral intentions (i.e., intention or desire to perform an act) and behavioral outcomes (i.e., behavior that is actually exhibited by an individual in a given situation) (51). The results of the present study are consistent with this theoretical model, which emphasizes that ACP participation is a dynamic process rather than a static event that fluctuates in response to changes in internal and external factors, such as self-efficacy maintenance and complexity of family involvement. These findings provide an important basis for optimizing ACP interventions and highlight the directions for future research. Future research should focus on the long-term effects of ACP interventions. Furthermore, intervention strategies targeting family engagement need to be developed to reduce conflict and increase consistency in decision-making.



4.2 Strengths and limitations

The advantage of this study lies in the comprehensive and thorough analysis of quantitative and qualitative data using the MMRS to elucidate the impact of ACP intervention on CHF participants and their experiences. Because of the limited number of studies on this subject, all identified studies were included in the literature, including one qualitative study in German. A consensus was established on the integration of quantitative and qualitative evidence, which subsequently enhanced the credibility of the findings regarding the effectiveness of ACP and engagement levels associated with it.

However, this review has some limitations. First, an in-depth search of the available literature was conducted, but relevant studies might have been overlooked due to the inclusion criterion limiting the study language to English and German. Second, the strength of the evidence was weakened as all prospective studies used a single-group design. In addition, the limited number of qualitative studies and the absence of a theoretical framework guiding the included qualitative evidence further compromised the level of evidence. Third, participants in the included studies were recruited exclusively from hospital settings. Thus, it is uncertain whether the findings of this study are applicable to older adult patients with CHF at home or in the community. Furthermore, the primary limitations of conducting a meta-analysis were the small number of included studies and the inability to formally assess publication bias (e.g., funnel plots or Egger's test) due to insufficient statistical power. This may affect the robustness and generalizability of our findings. Therefore, future studies should include a higher number of studies to address this limitation.




5 Conclusion

Comprehensive evidence from studies with quantitative and qualitative data suggests that ACP intervention is an effective method to make participants aware of healthcare values and goals, thereby improving their outcomes. Since older patients with CHF lack ACP-related knowledge and an opportunity to start ACP discussions with clinicians or families, they miss a valuable chance to have a serious and complete discussion about ACP. Therefore, broader and more rigorous studies, especially prospective studies, are required to analyze the effects of ACP on older patients with CHF using rigorous study designs and in different cultures. In addition, future studies need to extend the follow-up period to explore the possibility of and reasons for changes in the variables of ACP-related outcomes over time.
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Aim: Limited researches have investigated the association between the Triglyceride-glucose index (TyG) and frailty vulnerability in middle-aged and older Chinese populations. This study aims to strengthen the scientific foundation for frailty prevention and management by analyzing the correlation between TyG and frailty, ultimately providing more targeted intervention strategies.
Methods: This study included middle-aged and older individuals who participated in the China Health and Retirement Longitudinal Study (CHARLS) from 2015. A multiple logistic regression model was constructed to assess the correlation between the TyG index and frailty. Additionally, restricted cubic spline (RCS) analysis was employed to evaluate the dose–response correlation between the two variables.
Results: Among the 3,978 participants included in the study, 667 individuals (16.8%) were identified with frailty. After adjusting for multiple factors in a logistic regression model, it was determined that individuals in the highest quartile group of the TyG index had a 1.43 times higher risk of frailty compared to those in the lowest quartile group (OR = 1.43, 95% CI: 1.10 ~ 1.85, p = 0.007). The RCS analysis further revealed a positive dose–response relationship, indicating that a higher TyG index was associated with an increased risk of frailty in middle-aged and older adults.
Conclusion: Research has shown a significant positive linear relationship between an increased TyG index and a higher prevalence of frailty in middle-aged and older individuals. Elevated TyG index levels could signal an increased vulnerability to frailty among individuals.
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1 Introduction

Frailty, a multidimensional physiological condition, is marked by diminishing reserves and functions of various organ systems, weakened stress responses, increased vulnerability to diseases, and increased mortality risks (1, 2). It is commonly observed in middle-aged and older populations as they advance in age (3). As the population ages at a faster rate, frailty affects approximately 10% of community-dwelling older adults aged 60 and above, 15% for individuals aged 75–84, and 25% for those aged 85 and older in China (4, 5). In the world, the prevalence of frailty among individuals aged 50 and older is 24% across 62 countries or regions worldwide (6). Frailty is not a distinct disease but a constellation of symptoms and indicators potentially leading to disabilities, falls, depression, and reduced quality of life (7, 8). Moreover, it represents a significant contributor to mortality among middle-aged and older adults, placing substantial burdens on healthcare systems worldwide (9). However, frailty represents an early and reversible condition (3). Early identification of risk factors, regular frailty screening, and appropriate interventions are crucial for preventing and managing frailty. These measures are poised to significantly impact clinical practice and public health initiatives (3, 8, 9).

The syndrome of frailty is complex and influenced by multiple factors, sharing common pathogenic mechanisms with sarcopenia. Patients with muscle-wasting disorders often experience conditions with muscle strength and mass, which directly impacts physical function and increases vulnerability to frailty (10, 11). Consequently, mitigating and managing frailty primarily involves preventing the decline in muscle mass and function. Previous research has shown a strong correlation between insulin resistance (IR) and the decrease in muscle mass, along with the deterioration of muscle function (12, 13). IR is characterized by a decreased sensitivity of the body to insulin, leading to impaired glucose uptake and utilization (14, 15). A reduction in IR may cause muscle wasting and reduced strength, thereby worsening frailty. Studies have identified potential pathways linking IR and frailty, including muscle metabolism, inflammation, and oxidative stress (16, 17). The Triglyceride-glucose index (TyG), an emerging potential marker for IR, is significantly associated with the reduction of muscle mass and strength among older individuals (18–20). Research also demonstrates a direct relationship between the TyG index and sarcopenia, suggesting that elevated TyG index levels correspond to an increased risk of developing sarcopenia (21).

Compared to traditional approaches for measuring insulin, the TyG index offers advantages including operational convenience, quick reporting, and lowered economic impact (22). Researches have revealed a significant association between the TyG index and the onset of various chronic conditions, such as coronary artery disease, ischemic stroke, heart failure, chronic kidney disease, hypertension, and diabetes (21, 23–27). These studies show the value of the TyG index in predicting the risk of cardiovascular diseases, hypertension, diabetes, and sarcopenia. Furthermore, it is suggested that the TyG index may play an indirect role in the development of frailty.

With advancing age, bodily systems gradually deteriorate, leading to an increased risk of frailty. Aging also increases IR, with the TyG index serving as a marker of IR, thereby influencing the development of frailty (28). However, the association between the TyG index and frailty has been explicitly addressed in only two studies. These studies have shown that persistently elevated TyG index levels may have a potential impact on identifying older individuals at increased risk of frailty (29, 30). However, these studies are limited by their participant selection, predominantly concentrating on specific regions and ethnicities, thereby limiting their generalizability to the wider middle-aged and older population in China. Consequently, this study made use of the CHARLS database, which pertains to the middle-aged and older population in China, to examine the association between the TyG index and frailty. The purpose is to provide evidence supporting the prevention and management of frailty development.



2 Methods

Data from the China Health and Retirement Longitudinal Study (CHARLS) database were obtained for this study.1 CHARLS, a longitudinal study in mainland China targeting individuals aged 45 and older with a multi-stage sampling across 150 counties and 450 villages, with follow-ups conducted every 2–3 years (31). The participants in the CHARLS survey all provided written informed consent, and the survey obtained approval from the Peking University Biomedical Ethics Committee (No. IRB00001052-11015). We accessed data from the 2015 CHARLS after receiving approval from Peking University’s National School of Development. Participants younger than 50 or those with missing TyG index or frailty data were excluded from the data, resulting in a final sample of 3,978 participants, as shown in Figure 1.

[image: Flowchart illustrating participant selection from the CHARLS study (2011-2015). Initially, 21,095 participants were considered. Exclusions include 9,980 for age under 50 and missing TyG index data. This led to 11,115 participants. Further exclusion of 7,137 participants due to over twenty percent missing data resulted in 3,978 final participants.]

FIGURE 1
 A flow diagram depicting the exclusion criteria for research participants.




3 Measures


3.1 Frailty

The frailty phenotype (FP) and frailty index (FI) are two main approaches used to evaluate frailty (32). Since the FP is considered more appropriate for older inpatients, this study adopted the FI developed by Searle et al. (33). An FI index was constructed using 36 health-related items, covering cognitive function, activities of daily living (ADL), instrumental activities of daily living (IADL), common chronic diseases (diabetes, stroke, heart disease, etc.), mental health, and sensory impairments. Detailed information on these items can be found in Supplementary Table 1. Each indicator was scored as 1 if the health standard was met and 0 otherwise. The FI was calculated by dividing the total impairment score by 36, yielding a value between 0 and 1. Based on previous researches (34), frailty is defined as having an FI ≥ 0.25, with higher FI scores indicating greater frailty severity.



3.2 TyG

Participants underwent blood tests of fasting triglyceride and blood glucose, which were used to calculate the TyG index using the formula: ln[fasting triglycerides (mg/dl) × fasting blood glucose (mg/dl)/2] (22). The fasting period was at least 8 h.



3.3 Covariates

This study considered covariates such as sociodemographic characteristics (age, gender, residential area, educational attainment, marital status), health behaviors (smoking status denotes the current smoking status, encompassing both daily and occasional smokers. Alcohol intake refers to the current drinking status, characterized by a consistent pattern of alcohol consumption.), physical indices (waist circumference, body mass index), and biochemical markers (hemoglobin, high-density lipoprotein, low-density lipoprotein, total cholesterol) to account for potential influences on the relationship between the TyG index and frailty.



3.4 Statistical analysis

Categorical variables are shown as frequencies and percentages (n %), analyzed with the χ2-test. Continuous variables are described by median and quartiles (M, P25, P75) and were compared using the Mann–Whitney U test. The relationship between the TyG index and the occurrence of frailty is analyzed through binary logistic regression when the index is viewed as a continuous variable. Through the utilization of quartiles of the TyG index, three logistic regression models were established to assess the risk of frailty. The outcomes were illustrated using odds ratios (OR) and 95% confidence intervals (95% CI). Model 1 serves as the initial coarse adjustment mode. Model 2 further refines the analysis by incorporating adjustments for age, gender, place of residence, and educational level. Moreover, Model 3 expands the scope of adjustments to include smoking, alcohol consumption, waist circumference, and BMI. All variables considered in the model adjustment were subsequently analyzed using the correlation matrix and multicollinearity tests. After adjusting for all covariates, we used the Restricted Cubic Spline (RCS) analysis to examine the dose–response relationship between the TyG index and frailty. Then, subgroups based on age, gender, and BMI index were assessed to examine potential interactions with the TyG index. Statistical analyses were performed utilizing R 4.4.0 and SPSS 26.0, with a significance level established at α = 0.05.




4 Results


4.1 Baseline features of individuals

With a total of 3,978 participants, the study consisted of 1,965 males (49.4%) and 2,013 females (50.6%), with a median age of 60 years, 16.8% (667 individuals) were found to have experienced frailty. Upon stratifying research participants according to frailty levels for comparative baseline characteristic analysis, it was evident that the frail cohort had a higher proportion of females relative to males, as well as being older, having elevated BMI, waist circumference, and TyG index. Furthermore, frail individuals residing in rural areas exhibited a heightened vulnerability to frailty compared to urban dwellers, with lower levels of education, high-density lipoprotein cholesterol, and hemoglobin. These differences were statistically significant, as presented in Table 1.



TABLE 1 The baseline features of the research subjects were compared through analysis.
[image: Table comparing demographic and health characteristics between frailty and non-frailty groups. Variables include age, gender, education, marital status, residence, smoking, drinking, BMI, cholesterol levels, hemoglobin, waist circumference, triglyceride-glucose index, and frailty index. Statistical significance denoted with χ²/Z scores and p-values. Variables significantly different between groups include age, gender, education, residence, smoking, drinking, BMI, HDL, hemoglobin, waist circumference, triglyceride-glucose index, and frailty index.]



4.2 Association between TyG index and frailty

The analysis of three logistic regression models detailed in Table 2 revealed a significant positive relationship between higher TyG index values and an increased incidence of frailty. In the unadjusted crude model 1, the risk of frailty occurrence was 1.57 times higher in the highest quartile (Q4) of the TyG index group compared to the lowest quartile (Q1) group (OR = 1.57, 95%CI: 1.24 ~ 1.99). Within model 3, after adjusting for covariates like gender, age, residence, education level, smoking habits, alcohol consumption, hemoglobin levels, waist circumference, and BMI, it was observed that individuals positioned in the highest quartile (Q4) of the TyG index were more likely to experience frailty than those placed in the lowest quartile (Q1) (TyG Q4 vs. Q1, OR = 1.43, 95%CI: 1.10 ~ 1.85, p = 0.007). The correlation matrix and multicollinearity tests showed that the variance inflation factors (VIFs) for all variables in the fully adjusted model were less than 2. Detailed findings can be found in Supplementary Figures 1–4. After adjusting for all covariates, employing RCS analysis showed a significant dose–response relationship between the TyG index and the occurrence of frailty. The risk of frailty demonstrates a slow escalation with TyG index values up to 8.68, at which point it commences a gradual ascent. A higher TyG index correlated with an elevated risk of frailty, suggesting a linear positive association between the TyG index and the risk of frailty (see Figure 2).



TABLE 2 The results of logistic analysis between TyG and frailty.
[image: Table displaying odds ratios (OR), 95% confidence intervals (CI), and p-values for triglyceride-glucose (TyG) index across three models. Model 1: OR for continuous TyG is 1.32 (95% CI: 1.17-1.50), p < 0.001. Model 2: OR is 1.36 (95% CI: 1.20-1.55), p < 0.001. Model 3: OR is 1.26 (95% CI: 1.10-1.45), p = 0.001. TyG index quartiles: Q1 is reference; Q2 to Q4 show varying ORs and p-values across models. Adjustments include factors like age, gender, and lifestyle.]

[image: Restricted cubic spline graph showing the relationship between TYG Index and odds ratio (OR) with a 95% confidence interval. The red line indicates the OR trend, and the shaded area represents the confidence interval. A vertical dashed line marks TYG Index value 8.68. The non-linearity p-value is 0.810.]

FIGURE 2
 The association between TyG and the dose–response of frailty.




4.3 Subgroup analysis and interaction tests

After controlling for confounding variables, a subgroup analysis including gender, age, and BMI was conducted to explore potential interactions between subgroup variables and the TyG index regarding the risk of frailty onset (Table 3). No significant interaction was observed among the subgroups based on gender, age, and BMI, suggesting consistent outcomes.



TABLE 3 Subgroup analysis of frailty with TyG index.
[image: Table displaying the TyG index categorized into quartiles Q1 to Q4 across subgroups of age, gender, and BMI. Values include ranges, with Q1 serving as a reference. Interaction p-values are listed for each subgroup: Age (0.436), Gender (0.350), BMI (0.576). Annotations explain quartile ranges and reference terms.]




5 Discussion

In this large-scale, cross-sectional study, we investigated the association between the TyG index and frailty in middle-aged and older Chinese individuals for the first time. The study revealed that 16.8% of participants experienced frailty. After adjusting for confounding factors, individuals in the highest quartile (Q4) of the TyG index showed a 1.43 times higher risk of frailty compared to those in the lowest quartile (Q1), indicating a positive association between elevated TyG index levels and increased frailty occurrence. This association was further supported by the RSC analysis, which demonstrated a linear positive correlation between the TyG index and the risk of frailty development. In the subgroup analysis, there was no interaction observed between gender, age, and BMI with the TyG index, indicating consistent effects across diverse subgroups and thereby strengthening the generalizability and reliability of the study findings.

The current research results suggest a positive association between an increase in the TyG index and the occurrence of frailty, aligning closely with previous study outcomes. Among urban older residents aged 60 and above in a specific region of China, findings from a prospective cohort study suggest that an elevated TyG index and a consistently high trajectory of the TyG index are associated with an increased vulnerability to frailty (29). A recent cross-sectional study of individuals aged 50 and above in the United States revealed a positive association between the elevated TyG index and its related indices with a higher prevalence of frailty (30). There is a lack of research on the correlation between the TyG index and frailty. Previous studies have not determined the link between the TyG index and frailty in the older Chinese population due to geographical and racial diversity constraints. This study used the CHARLS database covering 28 provinces in China. With a sample of 23,000 participants from 12,400 households representing various urban and rural populations, the study aimed to explore the relationship between the TyG index and frailty risk among middle-aged and older individuals in China.

Frailty in the older is characterized by systemic dysregulation affecting multiple systems, leading to reduced physiological reserves, decreased stress resilience, and compromised recovery capacity, highlighting its importance as a significant geriatric syndrome (35, 36). The decline in muscle mass or strength among older adults significantly contributes to frailty. Prior research has suggested that a high TyG index poses a risk for reduced muscle mass or strength, especially in young and middle-aged individuals with hypertension (21, 37). There is a nonlinear correlation between the TyG index and sarcopenia in populations without metabolic syndrome or diabetes and with inadequate physical activity. Li et al. assessed the relationship between TyG index and low skeletal muscle mass and found a significant independent interaction regardless of age and gender (38).

The development and progression of frailty in the older can be affected by numerous factors, with the simultaneous presence of multiple diseases being a key risk factor that speeds up the onset of frailty (39). The TyG index, serving as a reliable surrogate biomarker for IR, is a critical metabolic parameter with demonstrated high specificity and sensitivity in the assessment and prediction of conditions such as hypertension, diabetes, and cardiovascular diseases (21, 22, 26). An increased risk of hypertension is linked to elevated TyG index and its long-term trajectory (40, 41), with the TyG index demonstrating superior predictive value for type 2 diabetes compared to fasting blood glucose and glycated hemoglobin (21, 25, 27). Furthermore, the TyG index is connected to the occurrence of microvascular complications in diabetes (42). The TyG index plays a critical role in the development, advancement, and prediction of cardiovascular diseases, as elevated TyG levels are associated with negative results in individuals with coronary artery disease and increased mortality rates in heart failure patients (26, 40, 43). Age is a non-modifiable factor that impacts the progression of frailty, as bodily systems deteriorate over time, leading to diminished muscle strength, cognitive capacity, and sensory functions, consequently heightening frailty susceptibility (1, 7, 44).

The potential mechanisms underlying the relationship between the TyG index and frailty remain unclear and may involve several mediating factors, including the following: (1) Skeletal muscle serves as the main location for insulin-mediated glucose metabolism (45). Aging, accompanied by diminishing hormone levels and decreased physical activity, induces a decline in skeletal muscle mass and a progressive impairment in peripheral glucose uptake capacity. Consequently, this sequence of events culminates in hyperinsulinemia and the development of IR. Elevated TyG index, utilized as a proxy for IR, may stem from decreased responsiveness to insulin, thereby influencing glucose and fatty acid metabolism, weakening proteolysis in skeletal muscles, disrupting muscle catabolism and quality, and ultimately leading to muscle loss and frailty (2, 12, 24). (2) An increase in the TyG index is correlated with increased levels of chronic inflammation and oxidative stress in the body, causing harm to cells and tissues, impeding the body’s repair and regeneration abilities, thus facilitating the progression of frailty (46–48).

This study reveals a positive linear correlation between the TyG index and frailty, offering a novel perspective for clinical practice. The TyG index is a cost-effective clinical parameter that requires only fasting blood glucose and triglyceride levels from routine tests. It is useful for screening high-risk populations, especially older individuals vulnerable to frailty. Early identification using the TyG index enables healthcare providers to initiate timely interventions and health managements to delay or prevent frailty onset. For patients with elevated TyG index values, personalized intervention plans can be devised, including lifestyle modifications (dietary adjustments and increased physical activity), along with targeted health education and lifestyle counseling to enhance metabolic health and reduce frailty risk. Monitoring changes in the TyG index during follow-up assessments facilitates the evaluation of intervention effectiveness and enables prompt adjustments to treatment and care plans.



6 Strengths and limitations

In this pioneering study on middle-aged and older individuals in China, we examined the link between the TyG index and frailty for the first time. Our cross-sectional analysis found a significant positive correlation between higher TyG index levels and frailty occurrence, which remained robust after adjusting for age, gender, lifestyle variables, and biochemical markers.

However, this study is subject to limitations. Firstly, this cross-sectional study does not enable the establishment of a causal relationship between the TyG index and frailty. Secondly, the evaluation of frailty is based on survey data, which can be susceptible to information bias. Lastly, while attempts are made to address confounding factors, it is difficult to entirely exclude their influence on the study findings.



7 Conclusion

To summarize, a direct linear association is evident between the TyG index and the vulnerability to frailty in the older. An increased risk of frailty is evident in older adults with higher TyG index levels. It is crucial to promptly counsel individuals in this group to adopt lifestyle modifications to prevent and postpone the onset or advancement of frailty.
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Clinical characteristics and outcome of very old (≥90 years) critically ill patients with need for intensive care after surgical intervention
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Background: Due to increasing life expectancy and decreasing morbidity, society is aging. Especially the group of very old patients (≥90 years) is currently increasing significantly. This leads to increasing numbers of very old patients requiring visceral and thoracic surgery. However, due to the multimorbidity of this cohort, postoperative intensive care is often required. Currently, insufficient data are available regarding the treatment and therapy of very old surgical critically ill patients. Therefore, this study aimed to investigate factors associated with early postoperative mortality to identify patients at risk.



Methods: A retrospective cohort study was performed using clinical and sociodemographic data of all very old patients admitted to the Department of Intensive Care Medicine after visceral or thoracic surgery at the University Medical Center Hamburg-Eppendorf, between January 2008 and April 2019. Univariate comparisons and multivariate regression analysis were performed to identify factors associated with early postoperative death.
Results: In total, 84 patients were included in the analysis. In this cohort, 27 (32.14%) died within 28 days after admission to the intensive care unit (ICU). Comparisons between these two groups show no association between the specifics of the operative procedure with early postoperative death. However, the living situation before hospital admission was shown to be significantly different between those patients who survived and those who died early after postoperative care. We further show an association of early postoperative death with preexisting cardiac diseases, increased creatinine levels, and high Simplified Acute Physiology Score II (SAPS II) upon admission to ICU.
Conclusion: The SAPS II score and creatinine level upon admission could be identified as predictors of survival and may be beneficial for risk stratification in the critically ill patient cohort of the very old.
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Introduction

Society is aging due to the emergence of extensive medical achievements and reduced mortality of nearly all age groups (1). Consecutively, an increasing number of older patients undergo surgery and require extended postoperative surveillance in intensive care units (ICU) (2, 3). For example, in one study, over 13% of ICU admissions between 2001 and 2005 could be assigned to very old patients, meaning patients being 80 years of age or older, with the projected trend continuously increasing (4). Despite the achievements of intensive care, admission to an ICU is associated with great stress for very old patients and their relatives. Considering the limited resources of the ICU and the high post-operative mortality (5), surgery and postoperative admission in an ICU have to be considered carefully in this cohort. In line with this, many physicians remain skeptical of the beneficial effects of ICU admissions of very old patients (6). Moreover, a recent interventional study found that a systematic admission of very old patients to the ICU did not significantly reduce their mortality (7). Currently, no guidelines exist for the very old critically ill patients with a need for intensive care after surgical intervention. Thus, careful evaluation of which patients might benefit from postoperative ICU admission is required, and identifying determinants of early postoperative death is essential.

The process of aging is associated with a decline in many bodily and cognitive functions (8). Therefore, it is no surprise that an increase in mortality of very old patients in the ICU compared to a younger patient cohort could be detected (9). At least two studies have so far reported that a major predictor for postoperative survival of very old patients in the ICU is the occurrence of a medical complication (10, 11). Another factor that seems to determine the outcome of very old patients is whether an elective or emergency surgery was performed (12). This recent study further showed that very old patients had significantly higher survival and lower Sequential Organ Failure Assessment (SOFA) score if they underwent elective surgery (12). However, studies that evaluate prognostic factors of very old patients being admitted to the ICU after surgery are currently scarce. Thus, in this study, the primary aim was to investigate associations of established laboratory findings and scores with early postoperative death among the over 90-year-old patients that received visceral or thoracic surgery and were subsequently admitted to the ICU.



Materials and methods


Sample

This present study presents data obtained from a retrospective study that was conducted at the ICUs of the University Medical Center Hamburg-Eppendorf. It includes 1108 over 90-year-old patients that were admitted to the ICU between January 2008 and April 2019. The analytic sample is comprised of 84 patients admitted because of a visceral- or thoracic surgical main diagnosis that required surgery. These patients were identified in a retrospective fashion using the electronic medical archive of the hospital. All methods were carried out in accordance with relevant guidelines and regulations. The Ethics Committee of the Hamburg Chamber of Physicians approved the study (Number 2022-300219-WF). Due to the study’s retrospective nature and anonymized data collection, the need for informed consent was waived by the Ethics Committee of the Hamburg Chamber of Physicians in accordance with national guidelines. This analyzed dataset is not publicly available but may be provided by the corresponding author Jöran Lücke upon reasonable request.



Variables

Basic sociodemographic variables including age (in years), sex, body mass index (in kg/m2), the living situation before admission, preexisting medical conditions, and postoperative parameters in ICU, such as the need for catecholamines, ventilation or laboratory values were included in the analysis. Furthermore, surgical specifications such as the preoperative diagnosis, intraoperative procedures, and durations were collected from the electronic medical charts and surgical protocols. The SAPS II and SOFA scores as well as the Charlson Comorbidity Index (CCI) were calculated according to published formulas (13–15). Preexisting medical conditions were defined as follows: Cardiac diseases included status after a heart attack, heart insufficiency, atrial fibrillation, and aortic stenosis; vascular included peripheral artery occlusive diseases and cerebrovascular occlusive diseases; oncologic diseases included solid malignant tumors including metastasis and all malignant liquid tumors.



Outcome measurement

Survival post-admission to the ICU (days) was dichotomized, defining early postoperative death as survival of ≤ 28 days after admission to the ICU.



Statistics

First, the present study cohort was divided into two groups according to their 28-day survival. Second, univariate comparisons were made using a two-sample Wilcoxon rank-sum for metric, and chi2 or fisher’s exact test for logistic variables. Subsequently, logistic regression analyses were performed using survival data as the dependent variable, and statistically significantly different clinical and sociodemographic factors as independent variables. Model estimators for logistic models are provided as likelihood quotient tests, for logistic models as a coefficient of determination. Statistical significance was defined using α = 0.05. Statistical analysis was carried out using Stata 17.0 (Stata Corp, College Station, TX, USA).




Results


Characteristics of the study population

Out of 1108 ≥ 90-year-old patients admitted to the ICUs of the University Medical Center Hamburg-Eppendorf between January 2008 and April 2019, 84 patients with a visceral- or thoracic surgical main diagnosis that required surgical treatment were identified. Of these 84 patients, 27 patients (32.14%) died within 28 days of admission to the ICU. The baseline characteristics of these patients and the other 57 patients that survived longer than 28 days are displayed in Table 1, an overview on missing data is provided in Supplementary Table 1. Of note, out of the 27 patients that died within the first 28 days after admission, 9 patients died directly on ICU, while 16 patients died on the regular ward afterward. Only 2 patients in this cohort were discharged and died in other locations. Out of the surviving 57 patients, 9 patients died during the next consecutive year (data not shown). Interestingly, these two patient groups significantly differed in their pre-admission living situation. Additionally, patients surviving longer than 28 days had a lower percentage of cardiac pre-existing conditions but did not differ in Charlson Comorbidity Index (CCI) at admission.


TABLE 1 Baseline data and demographic characteristics of the cohort stratified by survival status at 28 days.

[image: A table comparing sociodemographics, health conditions, surgical interventions, and postoperative parameters. It includes median and interquartile range data for patients surviving over and under 28 days, with p-values for univariate comparison. Key variables include age, gender, body mass index, living situation, medical conditions, surgical details, and ICU parameters.]

Furthermore, patients that survived during the first 28 days required catecholamines and mechanical ventilation less often upon ICU admission and had a higher rate of postoperative enteral nutrition. Unsurprisingly, the percentage of patients that decided to limit therapy before or during their stay in the ICU was also significantly higher in the group of non-survivors.

When comparing the parameters of mechanical ventilation in the 26 patients that arrived with it, we found that patients that survived the consecutive 28 days had a lower positive end-expiratory pressure (PEEP) and FiO2 at ICU admission (Supplementary Table 2).



Preoperative diagnosis and intraoperative procedures

Next, we investigated the diagnosis, and thus, the surgical indications that led to surgery in ≥90-year-old patients. The most common diagnosis of these patients was ileus (35.7%), carcinoma (30.9%), bleeding (16.7%), perforations (13.1%), and cholecystitis (13.1%) (Supplementary Table 3).

We then compared the intraoperative procedures that were performed during surgery. Most abundantly, colon resection was performed, followed by cholecystectomy (Supplementary Table 4). There were no differences in operative procedures between patients that survived the consecutive 28 days and the patients that died within that time span.



Laboratory values and scores upon admission and at consecutive timepoints

We next evaluated whether clinical scores or laboratory values that were determined upon admission differed in patients with or without survival during 28 days upon ICU admission. Indeed, patients that survived this timespan had significantly lower SAPS II and SOFA scores, higher urine production, pH, bicarbonate, and base excesses, as well as lower lactate levels in their arterial blood gas (Table 2). Moreover, the venous creatinine and GOT levels, as well as the INR were significantly lower in the patient cohort with a survival greater than 28 days. Of note, only three patients received hemodialysis during their stay on the ICU, with one of these patients surviving more than 28 days and two patients that did not (data not shown). All these three patients needed hemodialysis as outpatients and thus, before their initial admission on ICU.


TABLE 2 Laboratory values and scores upon admission stratified by survival status at 28 days.

[image: A detailed table shows clinical characteristics and laboratory values upon admission for patients divided into groups: total, survival over 28 days, and exitus within 28 days. It includes scores like SAPS II and SOFA, urine production, arterial and venous laboratory values, with physiological ranges, median values, interquartile ranges, and p-values for univariate comparison. Key parameters include pO2, pCO2, pH, bicarbonate, base excess, lactate, hemoglobin, leukocyte count, thrombocyte count, creatinine, bilirubin, and enzyme levels (AST, ALT, GGT, LDH), CRP, and INR.]

We also investigated laboratory values at two consecutive time points, specifically, 24 and 48 h upon admission to ICU. Of note, the patient sample size became smaller with increasing observation timespan, since patients were either discharged from the ICU or died. In line with the previous observations, we found that after 24 h, higher pH, bicarbonate, and base excess levels, as well as lower lactate levels, creatinine levels, GOT levels, and a lower INR, in addition to a lower rate of ventilated patients and patients with need of catecholamines, were still present (Supplementary Table 5). Additionally, lower GGT levels and a reduced SOFA score could be detected in patients that survived the first 28 days. Finally, 48 h after admission to ICU, survivors still had significantly higher bicarbonate and base excess levels, and significantly lower lactate and creatinine levels (Supplementary Table 6).



Multivariate regression analysis

To determine factors associated with early postoperative death, we finally performed multivariate regression using complete cases including sociodemographic, as well as laboratory values that were shown to be significantly different between both groups in the univariate analysis. We found that the decision to limit therapy, preexisting medical conditions of the heart, SAPS II score upon admission, and creatinine levels were associated with early postoperative death (Table 3).


TABLE 3 Logistic regression analysis of selected variables stratified by survival status after 28 days.

[image: Table showing factors related to non-survival after 28 days, including sociodemographics, clinical characteristics, and laboratory values. Key factors: limitation of therapy with odds ratio 166.17 and p-value 0.008; preexisting cardiac disease with odds ratio 29.85 and p-value 0.040. Significant lab values: creatinine with odds ratio 14.52 and p-value 0.015. Number of observations: 73. Likelihood ratio: 54.42.]

Finally, we performed a multivariate analysis for the 1-year survival. Among the variables described above, the decision to limit therapy, preexisting medical conditions of the heart, and creatinine levels were also associated with survival after 1 year (Supplementary Table 7).




Discussion

The present study aimed to investigate predictive factors that were associated with the postoperative survival of very old patients with visceral or thoracic surgery admitted to the ICU. We found that several factors were significantly different between survivors and non-survivors in the first 28 days. Among these factors were not only the living situation before hospital admission and cardiac pre-existing medical conditions but also ICU-specific procedures. Furthermore, our multivariant analysis revealed that the decision to limit therapy, increased creatinine level, and high SAPS II score at admission were found to be independent predictive factors for elevated mortality, that might be used as predictive factors on ICU wards in the future.


Pre-admission living situation and outcome of intensive care treatment

Our study found that the pre-admission living situation was significantly different in the group that survived the first 28 days, compared to the group that did not. Specifically, patients with a more independent living situation before admission were found more frequently in the group that survived 28 days. This observation could be corroborated by several other studies that investigated the mortality of patients without distinguishing between the reasons for admission. For example, a study from Denmark investigated all admitted patients to ICU and found that the pre-admission quality of life determined by different scores indeed predicted 30- and 90-day mortality in a way that patients with a better pre-admission quality of life survived longer (18). The same observation could be made from another study from Denmark (19), that included all patients that stayed longer than 48 h in the ICU ward. Since age greatly correlates with the pre-admission quality of life (20), it is especially important to compare the pre-admission quality of life between the same age groups. Indeed, higher functionality and quality of life in very old patients before admission to the ICU was also a significant factor for reduced mortality (21, 22). Of note, the inclusion age that defines patients as “very old” varies from study to study, with some studies including patients from the age of over 70 and onwards. Taken together, our observation concerning a cohort of surgical admissions of very old patients to the ICU falls in line with previous reports describing similar results, but without stratifying for admission diagnosis.



Cardiac pre-existing medical conditions and outcome of intensive care treatment

Comorbidity is more than common in the cohort of very old patients (23) and is associated with severe mortality risk (24). This is especially evident during a stay in an ICU, during which comorbidity presents as one of the most determining factors for mortality (4, 25). This is also true for cardiovascular comorbidity, which majorly determines survival upon ICU admission in multiple studies, for example in the context of post-burn-treatment (26) or coronavirus disease 2019 (COVID-19) (27). Interestingly, in this study, we found that only cardiac pre-medical conditions, but not others (such as oncological, nephrological, or endocrinological) influenced mortality in our cohort of very old, surgical patients. This might be explainable by the distinctly increased cardiac peri- and postoperative risk in very old patients with cardiovascular comorbidity (28). Consecutively, intra- or postoperative cardiac events, such as myocardial infarction, present the second leading comorbidity in the very old in a recent study from Taiwan (29). Since the median length of stay in the ICU in our study was only 2 days, perioperative risk factors such as cardiovascular premedical conditions might be especially relevant to assess the mortality of our cohort compared to a non-surgical patient group.



Mechanical ventilation, catecholamine therapy, and outcome of intensive care treatment

Our study furthermore revealed that the need for extended mechanical ventilation in the ICU was significantly elevated in the group of non-survivors. Similar observations were also made by other studies, underlining the benefit of non-invasive ventilation in the cohort of very old patients whenever possible (22, 30). However, while an invasive method of ventilation in non-surgical patients inevitably means an escalation in therapy with increased rates of complication, visceral and thoracic surgery patients need to be mechanically ventilated, at least for the duration of the surgical intervention. Nonetheless, a study found that prolonged mechanical ventilation after surgery in very old patients was correlated to increased mortality (31). Our study corroborates this finding, since patients that did not require mechanical ventilation in the ICU as they could be extubated before arrival presented an enhanced survival rate. Additionally, we could further stratify the mortality of ICU-ventilated patients according to their PEEP and FiO2 requirements upon arrival. Regarding catecholamine therapy, the results of studies are more conflicted. While some studies report that the requirement of catecholamine therapy is a negative prognostic factor in the treatment of very old patients in the ICU (32, 33), other studies did not make this observation (34). Thus, further studies with bigger cohorts are warranted to determine in which cases vasopressor therapy proves unbeneficial for the outcome of the very old patient.



SAPS II score and outcome of intensive care treatment

Moreover, we found that the SAPS II score at admission was significantly higher in non-survivors according to our multivariate regression analysis. The SAPS II score is a commonly used score to calculate morbidity upon ICU admission using basic vital and laboratory findings from the patient (13). Thus, it is no wonder that many published studies equally found that the SAPS II score was associated with mortality in the cohort of very old patients being admitted to the ICU. For example, one study compared the predictive capacity of different scores in a cohort of patients being admitted to the ICU that were 80 years or older. Indeed, the SAPS II score predicted mortality best in comparison to other commonly used scores (35). Another study from France further corroborated the predictive power of the SAPS II score in a cohort of 85-year-old patients or older (36). Of note, other measurements specifically designed for elderly patients such as the Clinical Frailty Scale could have been used to determine not only the laboratory findings and vital signs, but also the functional status of the patients (37). Other studies already demonstrated that the Clinical Frailty Scale corresponded with survival on the ICU of elderly patients (38). However, this and other scores were not initially assessed on the ICU in our center so that it is not retrospectively possible to include this and other scales into our analysis. Together with our data, the preexisting reports might help reinforce this score as an early predictive variable for the risk of mortality in the group of very old patients in the ICU.



Creatinine levels and outcome of intensive care treatment

Finally, our study revealed a statistically significant association between higher creatinine levels and higher mortality. In line with this, the group that did not survive 28 days after admission, showed overall reduced urine production. Elevated creatinine levels can have different causes, the two most common being acute kidney injury (AKI) and chronic kidney disease (CKD). Most importantly, AKI in the cohort of the very old in the ICU is associated with significantly elevated mortality (39). A recent study investigated risk factors for AKI in very old patients after abdominal surgery and found that, next to other reports, intraoperative hypotension or the usage of furosemide is associated with an increased risk for AKI (40). Thus, special attention should be given to early intra- and postoperative signs of AKI to be able to initiate appropriate countermeasures early. Likewise, patients with CKD and especially patients suffering from end-stage renal disease (ESRD) possess elevated mortality in the ICU (41). Moreover, CKD is a major risk factor for developing an AKI with the consequences discussed above (41). Therefore, elevated creatinine levels were established as a risk factor for very old patients in the ICU by previous studies (22), as could be corroborated by our study for the cohort of very old surgical patients in the ICU.



Ethical aspects

ICU treatment remains expensive, and its admission capacity is limited, which comes especially apparent in times of emerging health crises and pandemics. Thus, it needs to be discussed whether access to ICU treatment should be limited in times of scarcity for groups that overwhelmingly do not to profit from such an admission. One parameter that is often discussed as a predictor for enhanced mortality on ICU is age. Indeed, there is great doubt among many physicians that elderly patients profit from ICU admissions (6), which was corroborated by a recent study (7). However, our study could confirm that a defined sub cohort of very old postoperative patients survived ICU, which clarifies that age alone might be an insufficient parameter to deny patients ICU care. Instead, while age might be among prognostic factors for short- and long-term survival after ICU admission, other factors should be taken into account as well, some of them being discussed above. However, these observations do not answer one of the most profound ethical questions, being to which end a statistical good prognosis of a patient if admitted to ICU should determine his/her chance of ICU admission in situations of scarcity. In these circumstances, other ethical considerations to maximize the distribution of beneficial resources are of high importance (42).



Limitations of the study

Despite all strengths outlined above, our study has some limitations that need to be addressed. First, this is an investigation conducted at one single center. Therefore, patients were drawn from the surrounding urban area that the hospital is located in, and results might not be easily transferrable to patient cohorts in other settings. Second, this study is retrospective. This means that some parameters could not be assessed from all included patients, or could not be assessed at all, which might have proved beneficial for the readout. Third, the investigated cohort is rather small, requiring follow-up studies with bigger samples-sizes to corroborate the outlined findings. This is especially important for conclusions drawn from small subgroups, for example when regarding clinical parameters and laboratory values 48 h after ICU admission. Forth, this study cannot be transferred to the whole cohort of very old critically ill patients, as we only investigated patients that were admitted to the ICU. Thus, patients that were directly admitted to regular ward after surgery and patients, that did not receive any surgery due to their pre-operative critical condition or the decision to limit therapy are not reflected in this study, which renders a significant selection bias regarding the whole cohort of very old critically ill patients. Lastly, patients were included over a time span of roughly 10 years, opening up a small, but non-negligible possibility for chronological biases.




Conclusion

Taken together, analyzing our displayed cohort of very old critically ill patients demonstrated that the SAPS II and creatinine levels upon admission could be identified as predictors of survival, even after multivariate analysis. Thus, they could aid in future risk stratification, helping to identify patients profiting from postsurgical intensive care admission.
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As the global population ages, China faces unique challenges due to its rapid economic development and societal changes. The older adult population in China, especially females, is growing rapidly, with women outnumbering men in older age groups. Gender disparities in aging manifest in physiological, psychological, and social aspects, including higher risks of cardiovascular diseases in older adultmen and osteoporosis in older adult women. China’s rapidly aging population faces profound gender disparities in health outcomes, shaped by biological, social, and cultural determinants. Synthesizing data from the Global Burden of Disease study and national surveys, this perspective highlights elevated cardiovascular risks among older adult men, osteoporosis prevalence in women, and systemic inequities in healthcare access. We propose gender-sensitive strategies spanning research, policy, and societal awareness to advance equitable healthy aging.
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1 Introduction

Population aging has emerged as a non-negligible social phenomenon with the change of global population. According to a United Nations survey,1 the number of older adult individuals (aged 65 and above) has doubled, from approximately 260 million in 1980 to 761 million in 2021. Between 2021 and 2050, the global proportion of the older adult population is expected to increase from below 10% to approximately 17%.

Population aging not only signifies a continuous rise in the proportion of the older adult but also represents a series of challenges that society must confront, including safeguarding the health and quality of life of the older adult (1). Particularly in China, with rapid economic development and profound societal changes, the issue of population aging has become increasingly salient. Data from the Seventh National Population Census in China indicate2 that individuals aged 60 and above currently account for 18.70% of the total population, with those aged 65 and above comprising 13.50%, signifying a significant acceleration in the aging process. From 2010 to 2020, the proportion of individuals aged 60 and above increased by 5.44 percentage points, while those aged 65 and above rose by 4.63 percentage points. Compared to the previous decade, these increments were higher by 2.51 and 2.72 percentage points, respectively, indicating that China has entered an aging society prematurely. Against this backdrop, healthy aging has become a critical issue. In its 2015 Global Report on Ageing and Health, the WHO defined healthy aging as “optimizing opportunities for physical, social, and mental health to enable older people to take an active part in society and enjoy life.” Emphasizing health and vitality in the physical, psychological, and social dimensions of the older adult, healthy aging serves as a key strategy to address the challenges of an aging society. Globally, countries are actively exploring ways to achieve healthy aging, and as the country with the largest older adult population in the world, China faces unprecedented challenges and opportunities (2).

However, a frequently overlooked perspective in the discussion of healthy aging is gender. Gender affects individual health status and is closely linked to social roles, resource allocation, and access to healthcare services. As mentioned in a COMMENT article (3) published in Nature in May 2024, neglecting sex and gender in research poses a public health risk. In 2020, the WHO released the Decade of Healthy Aging 2020–2030 Action Plan, highlighting that inequities related to healthy aging are particularly prominent in gender disparities, such as widespread poverty among women and gender discrimination. Despite extensive research on aging in China, sex-disaggregated analyses of healthcare utilization, social participation, and resource allocation remain conspicuously absent, hindering the formulation of equitable and inclusive policies.

Under the influence of traditional Chinese culture and social structure, there are significant differences in the aging process between men and women (4). Traditional beliefs dictate that older adult men should shoulder more family and social responsibilities, potentially leading to greater economic pressure during aging (5). Meanwhile, older women generally have lower educational levels, which may hinder their access to health information and self-care (6). Women often assume more caregiving roles in the family and society, potentially compromising their self-care (6, 7). Furthermore, based on China’s urban–rural dual structure, the traditional division of labor in rural households has long-term implications for gender disparities in access to health resources, leading to multiple vulnerabilities for rural older adult women who face a “triple deprivation” characterized by low educational attainment, inadequate social security coverage, and heavy traditional caregiving responsibilities (8). Therefore, a gender-specific exploration of the multifaceted challenges of healthy aging in China not only aids in a more comprehensive understanding of the aging issue but also provides crucial insights for formulating targeted and effective policies. This perspective paper seeks to unravel the multifaceted gender disparities in healthy aging across China’s sociocultural landscape and propose a transformative framework for policy and practice.



2 The multidimensional relationship between gender and aging

When delving into the issues of aging, gender is a crucial factor that cannot be overlooked. Men and women face multidimensional differences in the challenges encountered during the aging process, which manifest not only at the physiological level but also in terms of psychological and social adaptation (9).

Throughout the entire lifespan, there are anatomical differences in the brains of men and women. For instance, the male brain exhibits a greater number of neurons and larger volume in specific areas, while the female brain displays more complex structures in the frontal and parietal lobes, providing a biological basis for gender differences in cognitive abilities (10). Men and women also show significant disparities in physiological decline and the incidence of chronic diseases. Elderly men are more susceptible to cardiovascular diseases. Studies have found a stronger association between hypertension and diabetes in older adult men and the incidence of stroke and all-cause mortality compared to women (11). Elderly men have a higher long-term risk of major adverse cardiovascular events following myocardial infarction. As a major cause of cardiovascular diseases, atherosclerosis is influenced by gender as a biological variable. Men exhibit a larger overall plaque burden and higher levels of inflammatory markers compared to women, which can predict cardiovascular events (12).

The more pronounced prevalence of bone-related issues, such as osteoporosis and arthritis, is observed in older adult women. Through a systematic review and meta-analysis of 40 global studies (13) involving 79,127 individuals, it was found that older adult women exhibit a significantly higher prevalence of osteoporosis compared to older adult men (12.5, 95% CI: 9.3–16.7%), reaching 35.3% (95% CI: 27.9–43.4%). This phenomenon is closely associated with the physiological changes that occur post-menopause. As women enter the post-menopausal stage, estrogen levels gradually decline, directly impacting bone health (14). Estrogen plays a critical role in maintaining bone density and strength, and its reduction accelerates bone loss, leading to a significantly increased risk of osteoporosis (15). Furthermore, arthritis is also a common bone-related issue among older adult women, characterized by joint pain, stiffness, and functional impairment, significantly impacting their quality of daily life (16). It is widely acknowledged in academia (17) that post-menopausal osteoporosis is one of the main contributing factors to bone health issues in older adult women.

At the psychological level, older adult men and women have different needs and challenges (18). Men may be more inclined to maintain independence and autonomy, and the decline in physical functioning may lead to a stronger sense of frustration (19). On the other hand, women may place more emphasis on social and emotional support (20, 21). Research has found (22) that compared to older adult men, older adult women are more likely to experience common mental disorders such as depression and anxiety. Therefore, when facing the life changes brought about by aging, women may require more emotional solace and resonance. Interestingly, relevant studies (10, 23, 24) have also found that older adult women tend to be more pessimistic in self-assessing their health, while men, despite being more susceptible to life-threatening illnesses, generally report better health conditions.

Social Determinants of Health (SDH) and cultural factors operate as critical social determinants of health, profoundly shaping the health trajectories of older adult men and women by embedding systemic inequities within societal structures (25). In traditional gender roles, men are often expected to exhibit “strength” and “self-reliance” (26), which may lead them to ignore or self-endure health issues. Conversely, women may be more inclined to seek medical help and social support (27). However, the reality is that when women experience a heart attack, they are more likely to delay seeking assistance, and caregiver interventions are often slower (28). Furthermore, societal stereotypes and biases toward older adults can have negative effects on their self-identity and psychological well-being (29).



3 Gender and disease disparities in the older adult population in China

With the intensifying trend of population aging in China, gender disparities among the older adult population are becoming increasingly prominent. We utilized the GBD 2021 database to analyze the gender differences in population structure for the years 1990, 2000, 2010, and 2020 through the construction of population pyramid graphs (Supplementary material 1). Our analysis revealed that the population structure in 1990 exhibited a typical inverted pyramid shape, with a decreasing proportion of young individuals and an increasing proportion of middle-aged and older adult individuals. Specifically, from 1990 to 2020, the number of individuals aged 80 and above in China experienced a dramatic surge, with the total count skyrocketing from 7.33 million to 31.69 million, representing a staggering three-fold increase. This significant growth not only highlights the rapid acceleration of China’s societal aging trend but also underscores the severity of the aging issue. It is worth noting that, throughout this growth process, the female older adult population consistently occupied a larger proportion. While this is partly attributable to the longer average lifespan of females, it further emphasizes the complexity of gender disparities in aging. In 1990, the female older adult population was nearly 1.7 times higher than the male older adult population (female/male: 4.65/2.68 ≈ 1.74). In 2020, the female older adult population still outnumbered males, with a female-to-male ratio of approximately 1.51 (female/male: 19.07/12.62 ≈ 1.51). Although the gap has slightly narrowed, it demonstrates the advantage of females in terms of longevity. According to the latest statistical data in China, combined with WHO predictions,3 the trend of population aging in China is projected to become even more pronounced by 2050 (Figure 1).

[image: Population pyramids for China in 2023 and 2050 illustrate distributions by age and gender. In 2023, there is a wider base indicating more younger people, with 60.7 million aged 50-54. By 2050, the shape shifts, highlighting an aging population, with 58.5 million aged 55-59, reflecting demographic changes over time.]

FIGURE 1
 Overview of China’s 2023 population data and 2050 trends by the WHO. Reprinted with permission from WHO, licensed under CC BY-NC-SA 3.0 IGO, https://data.who.int/countries/156 (38).


Note: The image represents the current population situation in China in 2023, while the right image depicts the projected distribution of the Chinese population in 2050 according to the World Health Organization. It is evident from the right image that the population aged 65 and above in China will continue to increase and exhibit an inverted triangle trend. China is facing a significant trend of population aging, with the older adult female population outnumbering the older adult male population as age increases. In the image, “M” represents million.

According to the 2019 Global Burden of Disease estimation data, China faces a variety of health challenges. Among them, stroke has become the leading cause of death in China, resulting in 142 deaths per 100,000 people. It is closely followed by ischemic heart disease, which causes death in 123 out of 100,000 individuals. Despite improvements in the burden of cardiovascular diseases in China over the past two decades, they still remain one of the primary causes (30). Generally, for the older adult, it is common to have multiple diseases, often coexisting with various chronic conditions. Specifically, research (31) has found that among the 11 widely prevalent diseases, three categories are predominant: cardiovascular diseases (hypertension, stroke, and coronary heart disease), endocrine metabolic diseases (diabetes and metabolic disorders) and musculoskeletal disorders, particularly osteoporosis and osteoarthritis. Therefore, the prevalence of multiple diseases is also a risk factor. A recent study (32) analyzed the prevalence of multiple diseases among middle-aged and older adult individuals (aged ≥45 years) in China, which was found to be 30.4%. This proportion increased to 35.1% when focusing on the population aged 60 years and above. When considering gender differences, the disease prevalence was higher in females compared to males (37.6% vs. 33.4%).

We conducted an in-depth analysis of stroke data in the GBD 2021 database for China (Supplementary material 2), and found that the stroke mortality rate among older adult males was generally higher than that among females across different age groups. Taking the year 1990 as an example, the stroke mortality rate for males in the age group of 65–69 was as high as 868.383583, while for females it was 666.3814602. In the age group of 85 years and above, the stroke mortality rate for males reached 8354.726084, far exceeding the rate for females at 5560.845487. It is worth noting that by the year 2021, although there still remained a gap in stroke mortality rates between males and females, the overall values had decreased, indicating a reduction in stroke mortality rates for both sexes.

Regarding incidence rates, the data from 1990 showed that among the three age groups of 65–79 (65–69; 70–74; and 75–79), males had slightly higher stroke incidence rates compared to females. However, in the age group of 80 years and above, females had slightly higher stroke incidence rates than males. By the year 2021, apart from the age group of 65–69 where males still had slightly higher incidence rates, the differences in incidence rates between males and females were small, with even a slight increase in stroke incidence rates among females compared to males.

From 1990 to 2021, over the span of more than 30 years, both male and female stroke mortality rates have significantly decreased. For example, in the age group of 65–69, the stroke mortality rate for males decreased from 868.38 to 458.65, while for females it decreased from 666.38 to 273.01. This significant change demonstrates the remarkable achievements China has made in the prevention and treatment of stroke (33).

We anticipate further reducing the incidence and mortality rates of stroke through continued efforts and scientific prevention and treatment strategies, bringing health and hope to more patients. At the same time, we need to pay attention to the differences in stroke risk among different age groups and genders, and develop more precise and personalized prevention and treatment approaches.



4 Developing gender-specific strategies for healthy aging

Facing the challenges of an aging society in China, it is essential to develop gender-sensitive strategies for healthy aging to accurately meet the health needs of older individuals of different genders. According to the 2020 Seventh National Population Census in China, health conditions were assessed for individuals aged 60 and above (34), with four options provided: healthy, basically healthy, unhealthy but capable of self-care, and unhealthy and incapable of self-care. Looking at the overall situation of the older adult, 57.7% of male respondents reported themselves as “healthy,” compared to 51.9% of females, indicating a higher proportion of males considering themselves healthy. The proportions of males and females reporting to be “basically healthy” were 30.6 and 34.5%, respectively, indicating a higher proportion of females considering themselves basically healthy. Overall, the proportion of healthy males was slightly higher than that of females. According to The Lancet’s report on aging in China published in 2022 (35), Chinese women generally have longer lifespans than men and are more likely to be widowed in later years, which results in them being worse off in almost all dimensions of health compared to men. Furthermore, in terms of health conditions, the gender differences among older adult individuals in China are mainly manifested in the following two aspects:

In the domain of health behaviors, male smoking rates significantly exceed those of females, a habit that potentially elevates the risk of cardiovascular diseases and certain cancers among older adult men. In terms of community care and social interactions, older adult women tend to exhibit lower levels of social participation, particularly following widowhood, leaving them vulnerable to increased social isolation and psychological challenges. This social isolation not only impacts their mental health but also has a negative influence on their overall quality of life. A pivotal finding from a study (27) investigating the incidence of loneliness among older adult individuals in China revealed marked gender disparities. Socioeconomic factors, including education level, occupational choices, and household economic status, exert a more direct influence on loneliness among older adult men. In contrast, older adult women’s sense of loneliness is more profoundly shaped by their self-assessed health status, personal resilience, and the social support they receive. This gender gap underscores the need for targeted measures in addressing loneliness among the older adult, ensuring that both genders receive appropriate care and support.

Currently, we have reviewed a series of policies related to population aging in China and found that while China is actively addressing population aging, strategies specifically targeting the prominent gender differences in aging are currently lacking. Therefore, it is urgent to develop gender-specific health education and preventive measures based on these gender differences. This includes the development and implementation of health education programs tailored to older individuals of different genders, such as interventions targeting male smoking and alcohol consumption, as well as screening and preventive services for female osteoporosis. In terms of mental health, it is important to provide more psychological support and interventions specifically designed for older adult women, while also encouraging and supporting their participation in community activities and social affairs to enhance their social connections and support networks. Furthermore, from a gender perspective in policy development, considering gender differences is crucial when formulating policies related to healthy aging, ensuring that policies can equitably benefit older adult men and women.



5 Future prospects and policy recommendations

Gender not only affects the health status of older adults but is also closely linked to social roles, resource allocation, and accessibility to healthcare services. However, current research and policy practices have certain limitations in integrating a gender perspective and fully recognizing the central role of gender factors in healthy aging. Looking ahead, it is necessary to deepen our understanding of the relationship between gender and healthy aging to comprehensively and systematically address the challenges of an aging society. To this end, we propose the following forward-looking recommendations.

The government should increase investment in gender-sensitive research on healthy aging, encouraging scholars and experts to explore in-depth the impact of gender differences on the health of older adults and provide scientific evidence for policy formulation. Promote the collection and analysis of relevant data to gain a more accurate understanding of the health needs of older adults of different genders.

Currently, significant progress has been made in research on aging and health-related fields in China, such as the China Health and Retirement Longitudinal Study (CHARLS) (36), which has conducted large-scale follow-up and health data information collection. Since its inception in 2011, CHARLS has covered approximately 10,000 households and 17,000 individuals in the national baseline survey, with follow-up surveys conducted every 2 to 3 years. Recently, the follow-up data from the fifth wave of CHARLS (2020)4 were officially released on November 16, 2023, providing valuable data support for understanding the health status of older adults in China (37). However, despite such progress, there is still a need to further expand the scale of research. Future efforts should focus on the nationalization of family-based older adult care programs in China. This includes not only expanding the scale of research but also emphasizing the standardization and comprehensiveness of health data collection, as well as in-depth and systematic longitudinal studies.

Strengthen the gender sensitivity of healthcare and social service systems through provider training and gender-disaggregated monitoring. The greatest demand of the older adult population is for health-related services. Therefore, healthcare institutions should provide specialized services tailored to older adults of different genders, such as establishing dedicated health check-up programs and providing gender-specific health counseling. At the same time, community organizations should improve social support networks to provide comprehensive support to older adults in areas such as mental health and social interaction. Short-term interventions might include prioritizing community-based screenings and piloting gender-tailored mental health initiatives, while long-term institutional reforms should focus on mandating sex-disaggregated health reporting and embedding gender competency training into medical education curricula. By aligning immediate actions with sustainable systemic changes, these strategies can foster equitable, inclusive care for older adults across genders.

Finally, promoting gender equality awareness in society is crucial to eliminating gender biases and stereotypes toward older adults. We must recognize that gender differences not only exist in later stages of life but may also begin to affect individuals’ health status from early life. Research has found5 that comparing the current health status with the physical health status before the age of 16, older adults who had good health before the age of 16 generally rated their current health higher than those who had poor health before the age of 16. Therefore, it is necessary to pay attention to gender differences from early life and develop relevant policies specifically targeting them. Moreover, there is a need for further strengthening prospective research in this field to help us better understand the impact of gender differences on the health of older adults and develop appropriate interventions.

This study has several limitations. First, reliance on secondary data may underrepresent rural and marginalized groups due to sampling biases. Second, the absence of qualitative insights limits our understanding of lived experiences. Third, cross-sectional designs constrain causal inferences. Future research should adopt mixed-methods approaches to capture nuanced gender dynamics and establish longitudinal cohorts to track aging trajectories. Collaborations with grassroots organizations could further amplify the voices of underserved older adult populations.

In conclusion, gender plays a central role in healthy aging. To promote gender equality, improve the overall health and well-being of older adults, and advance social harmony and sustainable development, we need to approach the issue from multiple levels, including research, policy, services, and societal awareness, to collectively build a gender-sensitive society for healthy aging.
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2   https://www.stats.gov.cn/xxgk/jd/sjjd2020/202105/t20210511_1817280.html

3   https://data.who.int/countries/156
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Objective: Using an urban area in southwest China as a case study, this research investigates and analyzes the supply and demand of community-based older adult care services to provide a basis for optimizing the older adult care service system.
Methods: A two-stage sampling method was employed to select older participants. Questionnaires, designed based on the Kano model, were administered to participants, and semi-structured interviews were conducted with community senior center managers and services users. The Kano model, Better-Worse index analysis and Analytic Hierarchy Process (Kano-BW-AHP) was used for quantitative analysis, while the two-step cluster analysis was employed for user profiles. Qualitative analysis was based on interview data.
Results: A total of 259 questionnaires and 16 interview reports were collected. The Kano analysis identified 34 community older adult services, with most categorized as attractive or indifferent attributes, and only emergency assistance was identified as a one-dimensional attribute. The BW analysis revealed 3 must-be, 9 attractive, and 1 one-dimensional service. The top five services, based on the Kano-BW-AHP model, were contact with friends and relatives, emergency assistance, regular medical checkups, older adult canteen and meal delivery, and special policy consultation. A comparison between those who chose community-based older adult care and those who did not showed statistically significant differences in six variables: age, education, employee medical insurance, a regular pension, living status, and services awareness (p < 0.05). Cluster analysis of participants who chose community older adult care revealed two user profiles: 51 (73.9%) were urban, high-educated users with strong consumption willingness; 18 (26.1%) were rural, low-education individuals with limited income. Community older adult care centers face issues included limited service variety, inadequate beds, insufficient staffing, lack of funding, and no follow-up plans. Additionally, the older adult displayed limited understanding of care services, dissatisfaction with catering, and demand for spiritual support.
Conclusion: The community-based older adult care system shows a structural imbalance between supply and demand, particularly in terms of service quantity, quality, and efficiency. The findings provides a reference for policy formulation and the improvement of community-based older adult care services.
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 community-based older adult care; Kano model; analytic hierarchy process; cluster analysis; supply and demand


1 Introduction

With improvements in healthcare standards, global life expectancy continues to rise (1). Concurrently, the declining fertility rates have become a common trend in global population development (2), leading to the global issue of aging. According to the United Nations’ World Population Prospects 2022, the proportion of the global population aged 65 and older will rise from 10% in 2022 to 16% by 2050. In China, the number of individuals aged 65 and older reached 209.78 million by the end of 2022, accounting for 14.9% of the total population, and is projected to reach 26.1% by 2050 (3), nearing developed-country levels. However, China’s aging process, amid ongoing modernization, reflects both global patterns and distinct national challenges, such as “growing old before getting rich (4)“and “aging before preparation (5)“in certain regions. Consequently, China must adapt its older adult care model rather than simply replicate those of developed countries.

China’s older adult care model comprises home-based, community-based, and institutional care. The key objective of reforming and developing older adult care services is to coordinate these three service forms to create an optimal system (6). Yer the evolving demand structure for older adult exposes imbalances and inadequacies of older adult care service systems: the rise of empty-nest households have rendered home-based care insufficient in meeting the high-quality needs of the older adult, while public health emergencies have highlighted the limitations of institutional care (7). Although studies suggest that the older adult continue to prioritize home care (8–10), social and cognitive factors make institutional care appealing compared to the community -based care (11), revealing a mismatch with service models such as Shanghai’s “90-7-3” and Beijing’s “90-6-4” patterns (12).

In this context, community-based older adult care, with government-enterprise cooperation as its primary operational model, combines the geographical advantages of home care with the specialization of institutional care. As such, it aligns more closely with China’s national conditions (13). Although increasingly recognized as a critical research area, studies on community-based older adult care remain limited (14). Most studies analyze the issue from either the demand or supply side, often from a single perspective (15). In Chongqing, the municipality with the highest aging rate in western China, research on community care for the older adult is limited, typically confined to single district or street (16, 17), with most studies relying on descriptive analysis or traditional qualitative methods (18, 19). Therefore, accurately identifying service demands and strengthening community-based service provision is crucial.

The Kano model, proposed by Professor Noriaki Kano in 1984 (20), explains the non-linear correlation between a product’s performance and user satisfaction. It classifies product attributes into five categories: Attractive, One-dimensional, Must-be, Indifferent and Reverse attributes (21, 22). The Kano model is a simple and effective tool, widely applied across industries for demand classification and prioritization (23–25). Nevertheless, its application in older adult care remains limited, mainly focusing on care demand analysis and application design (26, 27). Given potential inaccuracies in older adult feedback due to cognitive and expression limitations, this study combines hierarchical analysis process with opinions of experts, community-based older adult service managers, grassroots workers and researchers. This approach effectively addresses the limitations of the Kano model in the context of older adult care services. Furthermore, the study incorporates the average satisfaction coefficient as a correction factor in the hierarchical analysis process, reducing the qualitative biases and enhancing the model robustness.

This study is conducted from both supply and demand perspectives, combining quantitative and qualitative analysis to explore supply and demand status of community-based older adult care. The findings aim to provide a decision-making basis for government departments in optimizing the older adult care service system, which will have a profound positive impact on alleviating the imbalance in older adult care service system, improving the well-being of the older adults, and addressing the global aging challenge.



2 Materials and methods


2.1 Participants

From December 2023 to June 2024, participants were recruited using two-stage sampling in Chongqing, China. In the first stage, one community older adult care center from each of the five-leaf, four-leaf, and three-leaf categories was randomly selected, along with an additional institution to ensure sample representativeness. In the second stage, convenience sampling was employed to conduct an intercept survey of community-dwelling older adults in public spaces within the community, while cluster sampling was used for surveys of older adult residents in care centers. Managers and service users from these three centers were interviewed. A total of 261 questionnaires were received. Two extreme value questionnaires, where all responses were “it does not matter” were excluded. Ultimately, 16 interviews and 259 valid questionnaires were collected, with a 99.2% effective response rate. Inclusion criteria for the older adult participants were: I. ≥ 55 years old; II. ability to answer independently and provide informed consent. Exclusion criteria were: (1) Communication or cognitive impairments; (2) Refusal to participate.



2.2 Methods


2.2.1 Questionnaires

The questionnaire comprised two sections: the first part addressed basic demographic information, economic status, and health condition. The second part focused on the supply and demand of community-based older adult care, including understanding of this model, willingness to pay, the preferred care model, and the demand scale for community-based older adult care services based on the Kano model. After a comprehensive review of relevant policies and literature, the five-point Likert scale was developed based on expert consultation and a pre-survey. Service dimensions included life care, medical care, spiritual comfort, culture and entertainment, safety and security, and legal and policy services, with a total of 34 items listed in Table 1. Each item included both positive and negative questions: “How would you feel if this service was provided?” “How would you feel if this service was not offered?” Responses were categorized as “satisfied,” “as it should be,” “it does not matter,” “tolerable,” and “not satisfied.” Reliability and validity was strong, with Cronbach’s alpha for the positive and negative questions were 0.941 and 0.950, respectively, with KMO values of 0.932 and 0.910, respectively, and p<0.001.



TABLE 1 Service dimensions and items.
[image: Table listing services for seniors across different dimensions: Life care (A1-A7) includes meals, shopping, and grooming. Medical care (B1-B11) covers health records, exams, and tele-health. Spiritual comfort (C1-C4) offers conversations and counseling. Culture and entertainment (D1-D6) provides activities and tours. Safety and security (E1-E2) includes rescue and inspections. Legal and policy services (F1-F4) offer legal advice and consultations.]



2.2.2 Kano model

Traditional satisfaction theory posits a linear relationship between product functionality and satisfaction. However, Professor Noriaki Kano challenged this view, proposing the Kano model, inspired by the two-factor theory. According to the model, users have varying levels of demand for product quality, and different elements contribute differently to improving user satisfaction. As shown in Figure 1, must-be attributes do not increase satisfaction when provided, but satisfaction decreases if not provided. Attractive attributes increase satisfaction when provided but do not decrease satisfaction if not provided. One-dimensional attributes have a linear relationship, where satisfaction increases when the attribute performs well, while the satisfaction decreases when the attribute does not perform well. Indifference attributes do not affect the user satisfaction. Reverse attributes lead to a strong user dissatisfaction and should not be provided. Additionally, Questionable attributes, indicating erroneous responses, should be excluded.

[image: Graph illustrating the Kano Model with axes labeled "Degree of Satisfaction" and "Degree of Achievement." Curves represent different attributes: Attractive (A) in green, One-dimensional (O) in orange, Must-be (M) in red, Indifferent (I) in blue, and Reverse (R) in purple. The center is marked with a dashed circle.]

FIGURE 1
 Kano model.




2.2.3 Better-Worse (BW) index analysis

As shown in Table 2, users’ responses to positive and negative questions yield 25 possible outcomes, corresponding to different attributes of the Kano model. After determining demand attributes, the Better-Worse index can be calculated.



TABLE 2 Kano model attribute classification table.
[image: Kano model evaluation table displaying responses to positive and negative questions. Rows: Satisfied, As it should be, Does not matter, Bearable, Dissatisfied. Columns: Satisfied, As it should be, Does not matter, Bearable, Dissatisfied. Cell values: Q, A, R, I, O, M representing attributes: Questionable, Attractive, Reverse, Indifferent, One-dimensional, Must-be.]

The Better index is the satisfaction index (SI), and calculated as: Equation 1, which represents the increase in user satisfaction after the service is provided. The closer its value is to 1, the better the satisfaction improvement. The Worse index is the dissatisfaction index (DI), and calculated as: Equation 2, which represents the increase in dissatisfaction when the service is not provided. The closer its absolute value is to 1, the stronger the dissatisfaction effect. The average satisfaction coefficient (ASC) is the arithmetic mean of the absolute values of both indices, and calculated as: Equation 3.

[image: The image shows a mathematical formula: SI equals the sum of F(A) and F(O) divided by the sum of F(A), F(O), F(M), and F(I), labeled as equation (1).]

[image: Equation showing DI equals negative fraction with numerator F of O plus F of M, and denominator F of A plus F of O plus F of M plus F of I, labeled with the number two.]

[image: Mathematical formula showing average sentiment calculation: ASC equals the sum of SI and absolute value of DI, divided by two, labeled as equation three.]



2.2.4 Analytic hierarchy process (AHP)

AHP is a hierarchical weighted decision analysis method proposed by Thomas L. Saaty. It treats the decision-making problem as a system, decomposes the objectives into multiple criteria, and then into multiple scenarios, thereby constructing a hierarchical structure model. Subsequently, indicators are compared until a complete judgment matrix is formed (Equation 4). In this study, the 1–5 scale method was used to facilitate understanding and judgment by the older adult.

[image: Matrix A is displayed, with elements arranged in a pattern. The first row has 1, \(a_{12}\), up to \(a_{1n}\). The second row has \(\frac{1}{a_{12}}\), 1, and up to \(a_{2n}\). The last row has \(\frac{1}{a_{12}}\) repeated, ending with 1.]

Then, the weight vectors of the matrices were computed using the sum-product method for hierarchical single sorting (Equations 5, 6), and a consistency test was conducted (Equations 7–9).

[image: Equation showing \( a_{ij}' = \frac{a_{ij}}{\sum_{i=1}^{n}a_{ij}} \), labeled as equation (5).]

[image: Equation showing \( w_i = \frac{1}{n} \sum_{j=1}^{n} a_{ij} \), labeled as equation six.]

When the consistency ratio is less than 0.1, the degree of consistency in the judgment matrix is considered acceptable; otherwise, the judgment matrix should be considered.

[image: The equation for lambda max is expressed as lambda max equals the sum of A times w sub i divided by n times w sub i, labeled as equation seven.]

[image: Formula for Consistency Index (CI) is displayed. CI equals the ratio of lambda max minus n to n minus one, denoted as equation eight.]

[image: Formula for consistency ratio: CR equals CI divided by RI, labeled with the number nine in parentheses.]

Finally, a hierarchical ranking can be performed and the decision result can be outputted. In this study, the correction coefficients [image: Lowercase letter "k" with a subscript "i", often used in mathematical or scientific contexts to represent indexed variables or constants.] were constructed using normalized ASC to obtain the corrected comprehensive weights (Equation 10).

[image: Formula showing kappa sub i equals ASC sub i divided by the sum from j equals 1 to n of ASC sub j, all multiplied by 100, labeled as equation ten.]




2.3 Statistics analysis

Data were analyzed using IBM SPSS 26.0. Quantitative variables that met normality assumptions were described as mean ± standard deviation, and t-tests were used for between-group comparisons. Frequency and percentages were used to describe categorical and ordinal variables, and chi-square tests and Mann–Whitney U tests were applied for between-group comparisons. The Kano-BW-AHP coupling model was employed to categorize and prioritize the attributes of services. The two-step clustering method was utilized to group participants based on their preferences for community-based older adult care. User profile were developed in accordance with the findings of the qualitative analysis.




3 Results


3.1 General findings

A total of 259 valid questionnaires were collected, with an average age of 78.44[image: A black and white plus symbol, slightly blurred, with a shadow effect.]9.54 years. As shown in Table 3, 11 (4.2%) and 63 (24.3%) participants rated their health status as very poor and poor, respectively, while 106 (41%) participants considered themselves healthy or very healthy. Up to 221 (85.3%) participants had chronic diseases: 85 with one chronic disease, 136 with two or more chronic diseases. When asked about their understanding of the community-based care model, only 12 participants reported knowing it very well, 65 were somewhat familiar, 75 knew a little, and 107 (41.3%) had never heard of it. Regarding their preferred care model, 99 older adult individuals chose traditional institutional care, 91 chose home-based care, and 69 participants preferred community-based care, accounting for 26.6%. Participants’ monthly disposable income and the amount they are willing to pay for community-based older adult care are shown in Figure 2.



TABLE 3 Participants’ conditions related to community-based older adult care (N = 259).
[image: A data table displays the following characteristics: self-perceived health condition, number of chronic diseases, self-care capabilities, life satisfaction, understanding of community older adult care, and preferred care model. Each characteristic is listed with types, observation numbers, and percentages. For example, self-perceived health condition shows 31.7% as good. The number of chronic diseases has the highest percentage at 32.8% with one disease. Self-care capabilities show 78.4% as completely capable. Life satisfaction is relatively satisfied at 50.2%. Understanding of community older adult care has 41.3% never heard. Institutional-based care is preferred by 38.2%.]

[image: Line graph comparing monthly disposable amount and amount willing to pay on the y-axis (number of participants) against monetary value in yuan on the x-axis. The purple line shows monthly disposable amount peaking at 91 for 3001-5000 yuan, while the yellow line shows the amount willing to pay peaking at 100 for 1001-3000 yuan.]

FIGURE 2
 Comparison of disposable income and willingness to pay.




3.2 Demand classification based on Kano model

The results of the demand classification were presented in Table 4. None of the 34 services was classified as M, one was designated as O, 20 as A, and 13 as I. In the life care dimension, all services were judged to be A except for A4 handle business, which was judged to be I. In the health care dimension, B2 smart wearables, B5 telehealth services, and B10 rehabilitation therapy were judged to be I, and the rest of them were judged to be A. While the services in the spiritual comfort and legal policy dimensions were mostly judged to be I, except for C1 daily chat and F1 anti-fraud promotion services, which were A.



TABLE 4 Frequency of demand for community-based older adult care services.
[image: A table listing items categorized by frequency under five attributes: M (Must-be), O (One-dimensional), A (Attractive), I (Indifferent), and R (Reverse). Each item has corresponding frequency numbers, followed by a result letter from 'A' or 'I'.]



3.3 The Better-Worse index analysis

As shown in Figure 3, the average value of the Better-Worse index of 34 services (0.225, 0.580) was used as the origin of coordinate system, with the Y-axis representing the Better value and the X-axis representing the absolute value of the Worse. A four-quadrant chart was constructed, and from the first quadrant to the fourth quadrant represents O, A, I, and M, respectively. Among these, the ASC is the highest in the first quadrant, with E1 emergency rescue having the highest ASC, followed by A1 community canteen or food delivery, B3 routine physical examination. In the second quadrant, the ASC of B6 home visit medical services and B4 accompanying to hospital was higher. The third quadrant includes B1 health records, C2 older adult service hotline, B11 nutrition guidance. The ASC in the fourth quadrant, from high to low, is C4 assistance in contacting relatives and friends, F4 special policy consultation, and E2 safety inspection of the living environment.

[image: Scatter plot featuring orange data points, labeled A1 to F4, distributed across four quadrants. The vertical axis is labeled “Better” to “Worse,” and the horizontal axis is labeled “O” to “I.” Green labels in each corner represent the axes: A, O, I, and M.]

FIGURE 3
 Four-quadrant scatterplot of community-based older adult care services.




3.4 Results of the analytic hierarchy process

Based on the results of the Better-worse index analysis, the indifferent attribute in the third quadrant was eliminated, and the must-be, one-dimensional, and attractive attributes were output as the standard-level indicators of the AHP model. The service items under each attribute were used as the scheme-level indicators. Judgment matrices were constructed, and experts were invited to compare and score multiple indicators pairwise. A total of 10 individuals were invited to score: four managers from older adult care service centers, three knowledgeable older adult individuals, two staff members who participated in the survey throughout the process, and one industry expert. All integrated matrices underwent consistency testing, with CR<0.1, validating the results. The results of the hierarchical single sorting are presented in Table 5.



TABLE 5 Results of the hierarchical single sorting.
[image: Table displaying three main criteria layers: M, O, and A with weight coefficients 0.287, 0.594, and 0.119, respectively. Consistency inspection results include lambda max, CI, and CR values. The indicator layer lists items like C4, F4, and E2 with corresponding weight coefficients and consistency inspection results. Data is organized in columns for clarity.]



3.5 Ranking results based on coupling model

The hierarchical total sorting results and the corrected comprehensive weights are shown in Table 6. The top five services are C4 Contacting Relatives and Friends, E1 Emergency Rescue, B3 Regular Physical Examination, A1 Canteen or Meal Delivery, and F4 Special Policy Consultation. Conversely, the bottom five services are F1 Anti-fraud Publicity, B9 Health Exercise Guidance, and D2 Sports Fitness. After the correction, significant changes occurred in the ranking of C4 Contacting Relatives and Friends and D2 Sports Fitness. The corrected rankings were further confirmed through the questionnaire survey process and in-depth interviews with the older adult, demonstrating their authentic and effective.



TABLE 6 Hierarchical total sorting and the comprehensive weights.
[image: Table displaying items with their comprehensive weights, correction coefficients, corrected weights, and rankings. Item C4 has the highest comprehensive weight and is ranked first, while D2 has the lowest and is ranked twenty-second. Other items, such as E1 and B3, follow C4 in rank. The table provides a structured comparison of weights and related data for each item.]



3.6 User profile based on cluster analysis

The mean age of participants in the group selecting community-based older adult care (76.09 ± 9.76) was significantly lower than the group choosing other options (79.29 ± 9.4), t = 2.42, p<0.05. The results of the univariate analysis are shown in Table 7. Between the two groups of participants, whether they community-based older adult care, the differences in age, education level, employee medical insurance, a regular pension, living situation, and understanding of community-based care were all statistically significant (p<0.05). After comprehensive consideration, the aforementioned six variables, along with three fundamental variables—gender, household registration type, and resident medical insurance—and two economic variables, namely, the amount of monthly disposable income and the amount of money willing to pay for community-based older adult care, were included in the two-step cluster analysis. The clustering results of user portraits identified two categories, and the importance of the predictor variables is shown in Figure 4.



TABLE 7 Univariate analysis of whether to choose community-based care for the older adult.
[image: A table comparing characteristics between community-based older adult care and others. Categories include gender, household registration, marital status, living condition, medical insurance, alimony, pension, education level, number of offspring, self-perceived health, self-care ability, life satisfaction, understanding degree, monthly disposable amount, and willingness to pay. Statistical significance is marked with asterisks: p < 0.05*, p < 0.01**, p < 0.001***. Significant differences are noted in living condition, employee insurance, regular pension, education level, and understanding degree.]

[image: Bar chart showing the importance of predictor variables for urban employees. Medical insurance for urban employees ranks highest at 1.00, followed by monthly disposable income at 0.95, and household registration type at 0.80. Medical insurance for residents is 0.68, regular pension 0.38, education level 0.35, and willingness to pay 0.30. Age is 0.15, living condition 0.13, level of understanding 0.07, and gender 0.03.]

FIGURE 4
 The predictor materiality.


In category 1, there were 51 (73.9%) participants with a mean age of 77.5 years. Of these, 47 (92.2%) were urban residents with employee medical insurance; 43 (84.3%) participants had a monthly disposable income exceeding 3,000 yuan; 48 (94.1%) received a regular pension; 28 (54.9%) had a high school education or higher, and only 1 participant was uneducated; 28 (54.9%) were willing to pay 1,001–3,000 yuan per month for community-based care, while 19 (28%) were willing to pay over 3,000 yuan per month. In category 2, there were 18 (26.1%) participants with a mean age of 72.1 years. Of these, 11 (61.1%) had medical insurance for urban and rural residents; 13 (72.2%) had a monthly disposable income of 1,001–3,000 yuan, while the rest had less than 1,000 yuan; 13 (72.2%) held a rural household registration; 11 (61.1%) received a regular pension; 14 (77.8%) had completed primary school or junior high school, while the remaining participants being uneducated; 11 (61.1%) were willing to pay 1,001–3,000 yuan for community-based care, while the remaining 7 (38.9%) were willing to pay less than 1,000 yuan.

The results yielded two types of user profiles: the urban, high-educated group with favorable economic conditions and strong consumption willingness, and the rural, low-education group with limited income and weak ability to pay.



3.7 Qualitative analysis results

The three centers faced five common operational problems: I. The service forms were predominantly long-term care and daycare, with home visit services less frequently conducted. II. The centers had 118/90/28 beds respectively, and almost all of them were occupied. III. Inadequate staffing was a significant concern, 40/14/12 staff members respectively, leading to situations where one person worked across multiple departments. Occasional services by volunteers from social organizations or schools were mainly focused on spiritual recreational activities. IV. Government subsidies were insufficient, and the centers were primarily financed by the older adult at their own expense. V. The primary services provided were medical care, life care, and spiritual entertainment, with canteens being the most commonly utilized services while free entertainment services were the most popular. Notably, all three centers indicated that they had no follow-up plans.

Interviews with the older adult also revealed four common problems: (1) 12 older adult interviewees had a low level of understanding of community-based older adult care, with their primary sources of information being TV, WeChat posts, and conversations with relatives and friends. Only 1 person had consulted the service center offline for a systematic understanding; (2) Regarding existing services, 7 respondents mentioned that the quality of catering services was suboptimal, 1 respondent suggested enhancements to the medical technology, and 1 proposed shorter inspection intervals. (3) When queried about prospective service utilization, two respondents expressed a need for assistance in contacting relatives and friends, while another expressed a desire for long-term companionship services for individuals with prolonged bedridden status. (4) Older adult people with impaired self-care ability believed that the quality of long-term custodial services would not be good, and therefore, they still preferred home-based services.




4 Discussion


4.1 Summary

Based on 259 valid questionnaires and 16 interviews for both the supply and demand sides of community older adult care, this study systematically analyzed the demand attributes and priorities of 34 community older adult services using the Kano-BW-AHP coupled model. Two types of user profiles were identified through two-step clustering, and supply–demand contradictions were summarized through qualitative analysis, revealing the current structural imbalance between supply and demand for community-based older adult care services in western China.



4.2 Discussion

In line with the existing research (26–29), 69 (26.6%) older adult participants prefer community-based older adult care services, and 182 (70.3%) participants knew little about them. In contrast, findings from a study in Beijing were quite different, with more than 75% of older adults having used community-based aging services or having some knowledge of them, and over 80% expressing a strong willingness to use community-based aging service facilities (30). This spatial heterogeneity suggests that the deepening implementation of community-based older adult services in the western China faces the dual dilemmas of perception and choice. Therefore, the government, media, and community should enhance the systematic publicity of community-based older adult care services, with age-appropriate messaging.

In the Kano analysis, no service was judged as M, and only 1 service was judged as O. Researchers observed that Chinese older adult individuals tend to be subtle and easy-going, often not expressing dissatisfaction. Thus, re-identifying needs through BW analysis was necessary and effective. The Kano-BW analysis reclassified 3 services as M, 9 as O and 10 as A. This study also introduces empirical opinions from experts and managers through AHP, constructing correction coefficients using the original data of the preorder model, which ultimately forms the Kano-BW-AHP model. After correction, the rankings of helping to contact relatives and friends and special policy counseling increased significantly, which was confirmed in interviews, validating the applicability and effectiveness of the model.

Through Kano-BW-AHP analysis, the top five services in the demand ranking are various dimensions of contacting relatives and friends, emergency assistance, regular medical checkups, canteen or meal delivery, and special policy consultation. This indicates that the overall demand for community older adult services is multidimensional, suggesting the need for service providers to establish a multi-level structure with hierarchical demand levels. Furthermore, it is apparent from these demand dimensions that older adults have a heightened need for safety. A study in Helsinki (31) found that loneliness, limited social networks, and social age discrimination were sources of insecurity among home-dwelling older adults. Studies in China have shown that the sense of security among home-dwelling older adult individuals is linked to parent–child support, community environment, and social care (32, 33). Therefore, community-based older adult services should strengthen the sense of security for the older adult in all aspects, enhance community service promotion with family participation and support, modify the community environment to be age-friendly, and foster a positive community atmosphere for the older adult.

The study found that the older adult have a high prevalence of chronic diseases (85.3%), and the comorbidity of chronic diseases was common (52.5%). Similar to the previous findings (34), services under the healthcare dimension, such as regular medical checkups and home visit medical services, remain the focus of older adult individuals’ attention. Efforts should be made to improve the quality and efficiency of healthcare services and enhance accessibility for the older adult. On the other hand, the demand for smart wearable devices and telemedicine was not high, which aligns with the low willingness of the older adult to use smart medical services, as noted in relevant studies (35). Some studies have identified subjective and objective difficulties in the acceptance and use of smart devices by the older adult (36). In the digital information age, a more reliable user-friendly smart healthcare service environment should be created for the older adult.

Previous studies (37) have demonstrated that recreational activities are significantly related to the mental health and well-being of the older adult. The interviewed older adult also expressed their demand for recreational activities and senior activity centers, which they ranked 6th and 7th, respectively. It is thus essential to ensure the availability of activity venues and diversify the types of activities offered. Nevertheless, fitness exercise ranked last. This disparity may stem from factors related to physical condition and inherent beliefs. It is recommended that relevant institutions promote recreational activities with fitness benefits, such as dancing, and card games, and strengthen health education efforts.

However, older adult individuals with disabilities placed more importance on life care-related services, which were predominantly categorized as A in this study. The difficulty of home-based care and the shortage of institutional-based care personnel are urgent practical problems that need addressing. The pressure of aging on society and families should be alleviated through various approaches, such as strengthening nursing professional training (38), developing auxiliary care equipment like multi-functional nursing beds (39) and household mobility devices (40), and encouraging community residents to join time banks for mutual older adult assistance (41).

The continued development of home visit services should be a priority for policymakers, as previous studies (42) have indicated that home visits are one of the unmet community-based care services for older people. The results of this study reveal that emergency assistance, living environment safety inspection, home delivery, and home medical care are services urgently needed by the older adult. The development of community mutual care model is a promising strategy to meet this demand amidst a shortage of human resource (27).

Finally, two types of user profiles through cluster analysis. On the one hand, urban high-educated users (73.9%) with high income and a strong willingness to pay are the primary consumers of the silver-hair economy, and their diverse demands need to be met through service quality improvements to promote the high-quality development of community-based older adult care services. On the other hand, the pilot reform of community older adult care has been particularly effective in promoting consumption and improve the welfare of low-age older adult, low-income older adult families, and rural older adult individuals (43), which comprise the second category of users (26.1%) in this study. This group requires policy support and basic services to improve service accessibility and unlock the payment potential of these groups. Additionally, the differences in the profiles and proportions of these two user types indicate a structural imbalance in the supply and demand for community-based older adult care services.

At the community older adult care service system is fully implemented, relevant departments should continue to empower the system, with particular focus on talent training, publicity and education, financial guarantee, and policy support to address the current imbalance in community-based older adult care services.



4.3 Limitation

This study has certain limitations. Firstly, potential bias may arise from the small sample size and the use of convenience sampling in the two-stage sampling process. Secondly, due to the older age of those who voluntarily participated in the survey on older adult service demand and supply, the demand of younger older adult individuals for community-based older adult services was not explored, and some older adult individuals refused to participate due to hearing problems, which affected the generalizability of the findings. Finally, the cross-sectional data of the current survey are used, and the analysis results are relatively limited. In the future, these problems will be supplemented and solved, and the research on community-based older adult care services will be further improved.




5 Conclusion

This study comprehensively evaluates the status of community-based older adult care services from both supply and demand perspectives. By applying the Kano-BW-AHP model, the demand attributes of each service were distinguished and ranked, providing a quantitative analytical framework to accurately identify the older adult’s demands. Through clustered user profiling and qualitative analysis, the characteristics of two types of users who are likely to choose community-based older adult care were summarized, common problems requiring resolution by both supply and demand were discussed, and the study reveals an imbalance between the supply and demand of community-based older adult care services in terms of quantity, quality, efficiency, and structure. The findings can serve as a reference for policymakers, practitioners, and researchers, providing a basis for optimizing resource allocation, accurately supplying multidimensional services, and improving the imbalance between supply and demand.
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Background: Previous studies have focused mostly on the association between a single measurement of nighttime sleep duration and intrinsic capacity, making revealing the dynamic interaction between nighttime sleep duration and nap duration as individuals age throughout their lifespan difficult. This study aimed to identify the joint developmental trajectories of nighttime sleep duration and nap duration and explore their associations with intrinsic capacity.
Method: Data from 5,618 participants in the China Health and Retirement Longitudinal Study across three waves (2011, 2013, 2015) were analyzed. Group-based multi-trajectory modeling was employed to identify joint developmental trajectories of nighttime sleep and nap duration, and a binary logistic regression analysis was used to explore the associations between joint developmental trajectories and intrinsic capacity.
Results: Four distinct joint developmental trajectories were identified. Compared with the “Continuous moderate nighttime sleep without napping” trajectory group, the “Persistent short sleep at night without napping” trajectory group (OR = 1.64, 95% CI: 1.26–2.12) exhibited a significantly higher risk of low intrinsic capacity. Conversely, the “Double moderate sleep duration” trajectory group was more likely to have high intrinsic capacity (OR = 0.81, 95% CI: 0.68–0.96). No significant association was observed in the “Persistent short nighttime sleep with moderate napping” trajectory group (OR = 1.00, 95% CI: 0.82–1.21).
Conclusion: Persistent short nighttime sleep patterns are significantly associated with a risk of low intrinsic capacity, whereas moderate napping may offset the adverse effects of persistent short nighttime sleep on intrinsic capacity. Conversely, a combined pattern of moderate nighttime sleep and moderate napping appears most beneficial for maintaining high intrinsic capacity. This study suggests that scientifically planning sleep duration is important for maintaining high intrinsic capacity, providing new theoretical references for optimizing the “dual-mode sleep” management strategy for middle-aged and older adults.
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1 Background

As life expectancy increases and birth rates continue to decline, the global aging process is accelerating at an unprecedented pace. According to projections, between 2019 and 2050, the global population aged 60 and above will surge from 1 billion to 2.1 billion, with their share of the total population rising from 13 to 22% (1). The intensification of population aging poses a serious challenge to societies and healthcare systems around the world. For elderly individuals, maintaining good physical and mental health and ensuring their ability to participate freely in social activities has become a core issue in improving their quality of life (2). However, even in the absence of disease, older adults may still experience degenerative changes in physical function, psychological status, cognitive function, and other aspects related to age, which can negatively impact their life and social development (3). In view of this, to respond actively to the challenges of aging, the World Health Organization (WHO) has proposed a function-based assessment method that uses intrinsic capacity (IC) as a key indicator to measure healthy aging (4). Intrinsic capacity refers to the sum of an individual’s physical and mental abilities that can be mobilized at a given point in time, covering five core domains: locomotion, sensory capacity, vitality, cognitive capacity, and psychological capacity (5). This assessment system breaks away from the traditional disease-oriented framework of health understanding and instead focuses on the biological mechanisms of the aging process, reflecting the health status of older adults from a more fundamental level (6). Since the WHO proposed this assessment method, many empirical studies have fully verified the scientific nature and effectiveness of the intrinsic capacity structure (3, 7, 8), and its important position as a core strategy for healthy aging has been widely recognized in academic circles. Intrinsic capacity assessment provides an integrated analytical framework for systematically identifying the health needs of older adults and formulating precise intervention strategies, demonstrating enormous application potential in the field of geriatric health management (9, 10). However, research shows that the evolution of intrinsic capacity does not begin in old age but rather develops throughout the life cycle (7). Therefore, early identification of risk factors associated with intrinsic capacity decline and timely implementation of preventive interventions before significant functional impairment occurs in older adults are crucial for maintaining and improving their health and delaying the process of functional decline.

Sleep, as an important cornerstone of individual health and well-being, occupies a central position in the health management of elderly individuals (11). However, epidemiological research data show that the prevalence of sleep disorders among the elderly population worldwide remains high and that sleep quality decreases significantly with age (12–14). Long-term poor sleep patterns not only hinder successful aging in older adults (15) but are also closely associated with multiple health risk factors, including cognitive decline (16), cardiovascular disease (17), mental health problems (18), and obesity (19). Therefore, sleep health has become an important indicator for assessing the overall health and functional status of older adults (20). Previous studies have shown that poor sleep quality accelerates the decline in intrinsic capacity in older adults (21, 22), whereas maintaining a healthy pattern of 6–8 h of nighttime sleep helps delay intrinsic capacity decline (23). However, most of these studies are based on nighttime sleep duration measured at a single point in time and fail to capture the longitudinal dynamics of sleep duration with age (24). In addition, some studies have focused only on the association between nighttime sleep duration and intrinsic capacity, ignoring the potential impact of nap duration on the health of older adults (25, 26). Even when nighttime sleep and nap duration are considered together, they are often analyzed independently, failing to reveal the synergistic development between the two factors (23). Owing to the dynamic nature of sleep characteristics, a single measurement cannot fully reflect the true association between sleep duration and intrinsic capacity. Therefore, further research is needed on the dynamic development patterns of sleep duration over the life cycle and its association with intrinsic capacity.

Against the backdrop of accelerating global population aging, China’s aging situation is becoming increasingly severe (27). According to forecast data, between 2010 and 2040, the proportion of China’s population aged 60 and above will surge from 12.4 to 28%, and the trend of aging cannot be underestimated (28). China’s unique cultural background and diverse lifestyles may cause the joint developmental trajectory of nighttime sleep duration and nap duration among middle-aged and older adults in China to differ from that of Western populations, thereby producing different effects on intrinsic capacity. Therefore, this study takes middle-aged and older adults in China as the research objects and systematically investigates the impact of the joint developmental trajectory of nighttime sleep duration and nap duration on intrinsic capacity. The aim of this study is to provide a reference for medical workers to identify health risks in middle-aged and older adults at an early stage and to provide a new theoretical reference for the formulation of scientific and effective intervention strategies to increase their intrinsic capacity.



2 Methods


2.1 Study population

The data for this study come from the China Health and Retirement Longitudinal Study (CHARLS) database, which was initiated and constructed by the National Development Research Institute of Peking University. The CHARLS focuses on Chinese residents aged 45 and above and comprehensively collects multidimensional data such as basic personal information, socioeconomic status, and physical health status. This study aims to respond actively to the various challenges faced by China in the process of accelerating population aging. The baseline survey of CHARLS was officially launched in 2011, covering 28 provinces across the country, with 17,708 participants enrolled. The final response rate reached 80.5%, ensuring the national representativeness of the data through extensive sample coverage. To ensure the timeliness and continuity of the data, the research team subsequently conducted four nationwide follow-up surveys in 2013, 2015, 2018, and 2020, continuously updating the data resources. The methodological details regarding sample selection and data collection procedures have been described in detail in previous studies (29). Prior to the implementation of the study, all participants signed informed consent forms. Additionally, this study was approved by the Ethics Review Committee of Peking University (IRB 00001052–11,015) and was conducted in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines to ensure transparency and ethical compliance.

Given that the CHARLS project did not assess the dimensions of intrinsic capacity related to locomotion and vitality in 2018 and 2020, this study selected data from the 2011, 2013, and 2015 surveys as the basis for the study. Before the data were analyzed, the research team cleaned the raw data to ensure their completeness and consistency. The specific steps are as follows: First, this study excluded individuals who did not participate in the 2013 and 2015 follow-up surveys. Second, this study adopted a differentiated approach to address data missingness. Participants with missing data on nighttime sleep duration, nap duration, and intrinsic capacity in the three rounds of surveys were excluded to ensure the accuracy of the basic data for analysis. For individuals with missing values in covariates, multiple imputation was used to process the data, thereby making better use of existing information and enhancing the validity of the estimates. After systematic data cleaning and screening, a total of 5,618 participants were included in the analysis. The detailed sample screening process is shown in Figure 1. The sample covers middle-aged and elderly individuals from different geographical regions, age groups, and socioeconomic backgrounds in China, ensuring the national representativeness of the analysis results and the generalizability of the research conclusions.
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FIGURE 1
 Flow diagram for participants included in the study.




2.2 Nighttime sleep duration measurement

The participants’ nighttime sleep duration data were collected using a standardized questionnaire (15) “Over the past month, how many hours did you actually sleep each night? (average number of hours per night).” This open-ended question design avoids response bias that may arise from predefined options, ensuring that the data accurately reflect participants’ sleep patterns. The classification criteria for nighttime sleep duration were based on previous studies (23, 30), with sleep durations of less than 6 h per night defined as short sleep, durations of 6–8 h as normal sleep, and durations of more than 8 h as long sleep.



2.3 Nap duration measurement

In the CHARLS project, participants’ nap duration was assessed using a standardized questionnaire, which asked, “How long did you usually sleep during the day in the past month?.” On the basis of the standards recommended for the relationship between nap duration and intrinsic capacity in previous studies (23), this study divided participants into the following three groups: no nap group (nap duration of 0 min), moderate nap group (nap duration ≤ 60 min), and long nap group (nap duration > 60 min).



2.4 Intrinsic capacity assessment


2.4.1 Locomotion

Locomotion was assessed using a five-time sit-to-stand test. The participants who were able to complete the test independently within 14 s were given a score of 1; otherwise, they were given a score of 0 (31, 32). The results of this test effectively reflect an individual’s level of limb motor function.



2.4.2 Sensory capacity

Sensory capacity assessment includes vision and hearing. Vision assessment was conducted by asking, “How well can you see objects at a distance? For example, can you recognize a friend across the street (even when wearing glasses)?.” Hearing assessment was conducted by asking, “How is your hearing? (If you wear a hearing aid, how is your hearing when wearing it?).” The participants chose from five options: “excellent,” “good,” “fair,” “average,” or “poor.” Referring to previous studies (31), if participants answered “poor” to either question, they were diagnosed with a sensory capacity impairment and given a sensory capacity score of 0; if both answers were “excellent,” “good,” “fair,” or “average,” they were given a score of 1.



2.4.3 Vitality

Referring to previous studies (33–35), vitality is assessed based on two dimensions: respiratory function (peak flow test) and dominant hand strength (grip strength test). The peak expiratory flow rate is calculated as the average of two measurements. The threshold value for males is 350 L/min (≤350 is 0 points, >350 is 1 point), and the threshold value for females is 220 L/min (≤220 is 0 points, >220 is 1 point). The dominant hand grip strength is also calculated as the average of two measurements. The threshold for males is 36 kg (scores below 36 are 0 points, and scores of 36 or above are 1 point), and the threshold for females is 23 kg (scores below 23 are 0 points, and scores of 23 or above are 1 point). Finally, the vitality total score is calculated by adding the scores from the two dimensions (total score 0–2 points). A score below 2 is classified as limited vitality and assigned a value of 0, while a score of 2 is classified as normal vitality and assigned a value of 1.



2.4.4 Psychological capacity

Psychological capacity was assessed using 10 items from the Center for Epidemiologic Studies Depression Scale (CES-D). On the basis of the scale scores, those with CES-D scores < 10 were classified as having no depressive symptoms and assigned a value of 1; those with scores ≥ 10 were diagnosed as having depressive symptoms and assigned a value of 0, thereby completing the classification of depressive symptoms (23).



2.4.5 Cognitive capacity

Cognitive capacity was assessed in four dimensions: time orientation, calculation and attention, visual–spatial, and episodic memory. The temporal orientation dimension includes five questions on year, month, day, week, and season; the calculation and attention dimension requires participants to perform five subtraction operations; the visual–spatial dimension involves drawing two overlapping pentagons; and the episodic memory dimension is assessed through immediate and delayed recall of 10 words, with each correctly recalled word scoring 1 point, and the average of the two recall scores serving as the memory score. Except for the memory section, each correct answer was given a score of 1 point, and the total cognitive capacity score was calculated by adding the scores of each question, with a score ranging from 0 to 21 points (36). Referring to previous studies (34, 37), the cognitive function scores were standardized using the Z-score standardization, with a positive Z-score indicating cognitive capacity above average and assigned a value of 1 and a negative Z-score indicating cognitive capacity below average and assigned a value of 0.



2.4.6 Total intrinsic capacity score

The total intrinsic capacity score is the sum of the scores for the five dimensions of locomotion, sensory capacity, vitality, psychological capacity, and cognitive capacity, ranging from 0 to 5 points. Referring to previous studies (34), this study used Z-score standardization to convert the total intrinsic capacity score into a categorical variable. A positive Z-score corresponds to higher intrinsic capacity and is assigned a value of 0, whereas a negative Z-score corresponds to lower intrinsic capacity and is assigned a value of 1.




2.5 Covariates

To ensure the accuracy and reliability of the research results and effectively control for the influence of potential confounding factors, this study included covariates from three dimensions: demographic characteristics, lifestyle behaviors, and health status. The demographic characteristics collected include age, gender (female/male), marital status (others/married), residence (urban/rural), education level (primary school or below/junior high school or above), ethnic group (others/Han Chinese), and health insurance status (no/yes). The covariates related to lifestyle behaviors include smoking (no/yes), alcohol drinking (no/yes), and social participation. Health status covariates mainly included chronic diseases (including hypertension, diabetes, heart disease, cancer, stroke, mental disorder, and cognitive impairment), multimorbidity (none/1–2/3–5/≥6), self-rated health status (unhealthy/healthy), disability (no/yes), BMI (underweight/normal weight/overweight/obese), ADL, and baseline intrinsic capacity(low/high).



2.6 Statistical analysis

To accurately identify the joint developmental trajectory of nighttime sleep duration and nap duration, this study used the “Traj” plug-in (38) of Stata 18.0 software to construct a group-based multi-trajectory model (GBMTM) (39). As an extension of the group-based trajectory model (GBTM) (39), this model uses a limited mixture model to cluster and identify trajectory groups with different developmental patterns, thereby capturing the joint developmental trajectories of multiple variables (such as nighttime sleep duration and nap duration in this study). Model construction strictly follows the two-stage method proposed by Nagin et al. (40). In the first stage, through multiple model fittings, the optimal number of clusters is determined on the basis of indicators such as the Bayesian information criterion (BIC), average posterior probability (AvePP), and entropy value. In the second stage, polynomial functions are used to fit and characterize the curve shapes of each trajectory group. During model selection, the core criterion is to minimize the absolute value of the BIC while ensuring that the AvePP of each group is greater than 0.7, the entropy value is greater than 0.7 and approaches 1, and the sample proportion of each group is greater than 5%, thereby ensuring the scientific validity and stability of the model grouping.

Data analysis was performed using R software version 4.4.1. Quantitative data that conformed to a normal distribution were expressed as the mean ± standard deviation (M ± SD) and multiple group comparisons were performed using one-way analysis of variance (ANOVA). Quantitative data that did not follow a normal distribution were expressed as the median (M) and interquartile range (P25, P75), and group comparisons were performed using the Kruskal–Wallis H rank test. Count data were described as rates or proportions, and multiple group comparisons were performed using the chi-square test. A binary logistic regression model was used to analyze the association between sleep duration joint developmental trajectory and intrinsic capacity, and three statistical models were constructed: Model 1 was the unadjusted baseline model; Model 2 included demographic variables such as age, gender, marital status, residence, education level, ethnic group, and health insurance status in addition to Model 1; Model 3 further added confounding factors such as smoking, alcohol drinking, social participation, chronic diseases, multimorbidity, self-rated health status, disability, BMI, ADL, and baseline intrinsic capacity to gradually control for potential confounding variables, thereby enhancing the accuracy and reliability of the study results.

In order to verify the robustness of the association between joint development trajectories and intrinsic capacity, this study conducted subgroup analysis based on variables such as age, gender, residence, smoking, BMI, and multimorbidity, and explored the interaction between subgroup variables and joint development trajectories through likelihood ratio tests. In addition, to further verify the robustness of the research results, this study conducted a sensitivity analysis: (1) the intrinsic capacity indicator was converted from a categorical variable to a continuous variable, and its association with the joint development trajectory was reanalyzed; (2) inverse probability weighting (IPW) was used to adjust the potential confounding bias of the baseline characteristics and test the stability of the main analysis results, thereby improving the reliability and scientific nature of the research conclusions.

All the statistical tests in this study were performed using two-tailed tests, with a significance level of α = 0.05. When the test p value was <0.05, the results were considered statistically significant.




3 Results


3.1 Characteristics of the study population

This study included a total of 5,618 participants. Table 1 presents the baseline characteristics of the participants classified according to the joint developmental trajectories of nighttime sleep duration and nap duration. The results of the group comparison revealed that there were significant differences between the participants in each trajectory group in terms of age, gender, marital status, education level, ethnic group, smoking, alcohol drinking, hypertension, diabetes, heart disease, mental disorder, multimorbidity, self-rated health status, BMI, ADL, and intrinsic capacity (p < 0.05). In contrast, there were no statistically significant differences in terms of social participation, residence, health insurance, cancer, stroke, cognitive impairment, and disability (p > 0.05). Supplementary Table S1 shows the comparison of baseline characteristics between included and excluded participants. A total of 7,536 participants were excluded due to missing key data such as nighttime sleep duration, nap duration, and intrinsic capacity. Compared with participants included in the analysis, excluded participants were more likely to be male, married, have a junior high school education or higher, currently smoke and drink alcohol, and have higher intrinsic capacity.


TABLE 1 Characteristics of all participants by trajectory group.


	Variables
	Total (n = 5,618)
	G1a (n = 415)
	G2b (n = 1,526)
	G3c (n = 1,290)
	G4ds (n = 2,387)
	Statistic
	P

 

 	Age, mean ± SD 	57.85 ± 8.18 	59.13 ± 8.33 	56.75 ± 7.92 	58.70 ± 8.05 	57.87 ± 8.30 	F = 17.30 	<0.001


 	Gender, n (%) 	 	 	 	 	 	χ2 = 138.94 	<0.001


 	Female 	2,657 (47.29) 	275 (66.27) 	808 (52.95) 	631 (48.91) 	943 (39.51) 	 	


 	Male 	2,961 (52.71) 	140 (33.73) 	718 (47.05) 	659 (51.09) 	1,444 (60.49) 	 	


 	Marital status, n (%) 	 	 	 	 	 	χ2 = 11.22 	0.011


 	Others 	509 (9.06) 	56 (13.49) 	126 (8.26) 	115 (8.91) 	212 (8.88) 	 	


 	Married 	5,109 (90.94) 	359 (86.51) 	1,400 (91.74) 	1,175 (91.09) 	2,175 (91.12) 	 	


 	Residence, n (%) 	 	 	 	 	 	χ2 = 3.56 	0.314


 	Urban 	2026 (36.06) 	135 (32.53) 	544 (35.65) 	484 (37.52) 	863 (36.15) 	 	


 	Rural 	3,592 (63.94) 	280 (67.47) 	982 (64.35) 	806 (62.48) 	1,524 (63.85) 	 	


 	Education level, n (%) 	 	 	 	 	 	χ2 = 63.66 	<0.001


 	Primary school or below 	3,491 (62.14) 	312 (75.18) 	983 (64.42) 	835 (64.73) 	1,361 (57.02) 	 	


 	Junior high school or above 	2,127 (37.86) 	103 (24.82) 	543 (35.58) 	455 (35.27) 	1,026 (42.98) 	 	


 	Ethnic group, n (%) 	 	 	 	 	 	χ2 = 24.86 	<0.001


 	Others 	313 (5.57) 	32 (7.71) 	116 (7.60) 	51 (3.95) 	114 (4.78) 	 	


 	Han Chinese 	5,305 (94.43) 	383 (92.29) 	1,410 (92.40) 	1,239 (96.05) 	2,273 (95.22) 	 	


 	Health insurance, n (%) 	 	 	 	 	 	χ2 = 1.72 	0.633


 	No 	287 (5.11) 	19 (4.58) 	81 (5.31) 	73 (5.66) 	114 (4.78) 	 	


 	Yes 	5,331 (94.89) 	396 (95.42) 	1,445 (94.69) 	1,217 (94.34) 	2,273 (95.22) 	 	


 	Smoking, n (%) 	 	 	 	 	 	χ2 = 42.59 	<0.001


 	No 	3,727 (66.34) 	314 (75.66) 	1,041 (68.22) 	891 (69.07) 	1,481 (62.04) 	 	


 	Yes 	1891 (33.66) 	101 (24.34) 	485 (31.78) 	399 (30.93) 	906 (37.96) 	 	


 	Alcohol drinking, n (%) 	 	 	 	 	 	χ2 = 43.03 	<0.001


 	No 	3,557 (63.31) 	308 (74.22) 	1,015 (66.51) 	814 (63.10) 	1,420 (59.49) 	 	


 	Yes 	2061 (36.69) 	107 (25.78) 	511 (33.49) 	476 (36.90) 	967 (40.51) 	 	


 	Social participation, mean ± SD 	1.53 ± 1.91 	1.31 ± 1.71 	1.57 ± 1.97 	1.48 ± 1.87 	1.56 ± 1.93 	F = 2.59 	0.051


 	Hypertension, n (%) 	 	 	 	 	 	χ2 = 22.44 	<0.001


 	No 	4,256 (75.76) 	314 (75.66) 	1,217 (79.75) 	932 (72.25) 	1793 (75.12) 	 	


 	Yes 	1,362 (24.24) 	101 (24.34) 	309 (20.25) 	358 (27.75) 	594 (24.88) 	 	


 	Diabetes, n (%) 	 	 	 	 	 	χ2 = 8.14 	0.043


 	No 	5,301 (94.36) 	396 (95.42) 	1,458 (95.54) 	1,204 (93.33) 	2,243 (93.97) 	 	


 	Yes 	317 (5.64) 	19 (4.58) 	68 (4.46) 	86 (6.67) 	144 (6.03) 	 	


 	Cancer, n (%) 	 	 	 	 	 	χ2 = 0.59 	0.898


 	No 	5,575 (99.23) 	411 (99.04) 	1,516 (99.34) 	1,279 (99.15) 	2,369 (99.25) 	 	


 	Yes 	43 (0.77) 	4 (0.96) 	10 (0.66) 	11 (0.85) 	18 (0.75) 	 	


 	Heart disease, n (%) 	 	 	 	 	 	χ2 = 18.54 	<0.001


 	No 	4,975 (88.55) 	357 (86.02) 	1,384 (90.69) 	1,109 (85.97) 	2,125 (89.02) 	 	


 	Yes 	643 (11.45) 	58 (13.98) 	142 (9.31) 	181 (14.03) 	262 (10.98) 	 	


 	Stroke, n (%) 	 	 	 	 	 	χ2 = 4.00 	0.262


 	No 	5,521 (98.27) 	406 (97.83) 	1,508 (98.82) 	1,264 (97.98) 	2,343 (98.16) 	 	


 	Yes 	97 (1.73) 	9 (2.17) 	18 (1.18) 	26 (2.02) 	44 (1.84) 	 	


 	Mental disorder, n (%) 	 	 	 	 	 	χ2 = 22.81 	<0.001


 	No 	5,551 (98.81) 	406 (97.83) 	1,517 (99.41) 	1,261 (97.75) 	2,367 (99.16) 	 	


 	Yes 	67 (1.19) 	9 (2.17) 	9 (0.59) 	29 (2.25) 	20 (0.84) 	 	


 	Cognitive impairment, n (%) 	 	 	 	 	 	χ2 = 4.72 	0.193


 	No 	5,558 (98.93) 	411 (99.04) 	1,507 (98.75) 	1,271 (98.53) 	2,369 (99.25) 	 	


 	Yes 	60 (1.07) 	4 (0.96) 	19 (1.25) 	19 (1.47) 	18 (0.75) 	 	


 	Multimorbidity, n (%) 	 	 	 	 	 	χ2 = 158.08 	<0.001


 	None 	1847 (32.88) 	84 (20.24) 	574 (37.61) 	323 (25.04) 	866 (36.28) 	 	


 	1–2 	2,797 (49.79) 	224 (53.98) 	746 (48.89) 	644 (49.92) 	1,183 (49.56) 	 	


 	3–5 	916 (16.30) 	98 (23.61) 	198 (12.98) 	299 (23.18) 	321 (13.45) 	 	


 	≥6 	58 (1.03) 	9 (2.17) 	8 (0.52) 	24 (1.86) 	17 (0.71) 	 	


 	Self-rated health status, n (%) 	 	 	 	 	 	χ2 = 124.24 	<0.001


 	Unhealthy 	1,252 (22.29) 	162 (39.04) 	292 (19.13) 	363 (28.14) 	435 (18.22) 	 	


 	Healthy 	4,366 (77.71) 	253 (60.96) 	1,234 (80.87) 	927 (71.86) 	1952 (81.78) 	 	


 	Disability, n (%) 	 	 	 	 	 	χ2 = 1.27 	0.736


 	No 	5,452 (97.05) 	399 (96.14) 	1,482 (97.12) 	1,253 (97.13) 	2,318 (97.11) 	 	


 	Yes 	166 (2.95) 	16 (3.86) 	44 (2.88) 	37 (2.87) 	69 (2.89) 	 	


 	BMI, n (%) 	 	 	 	 	 	χ2 = 50.58 	<0.001


 	Underweight 	308 (5.48) 	38 (9.16) 	96 (6.29) 	73 (5.66) 	101 (4.23) 	 	


 	Normal weight 	2,929 (52.14) 	231 (55.66) 	849 (55.64) 	669 (51.86) 	1,180 (49.43) 	 	


 	Overweight 	1703 (30.31) 	105 (25.30) 	401 (26.28) 	405 (31.40) 	792 (33.18) 	 	


 	Obese 	678 (12.07) 	41 (9.88) 	180 (11.80) 	143 (11.09) 	314 (13.15) 	 	


 	ADL, Mean ± SD 	0.19 ± 0.62 	0.40 ± 0.94 	0.14 ± 0.52 	0.28 ± 0.73 	0.14 ± 0.52 	F = 34.27 	<0.001


 	Intrinsic capacity, n (%) 	 	 	 	 	 	χ2 = 159.72 	<0.001


 	High 	4,225 (75.20) 	223 (53.73) 	1,161 (76.08) 	910 (70.54) 	1931 (80.90) 	 	


 	Low 	1,393 (24.80) 	192 (46.27) 	365 (23.92) 	380 (29.46) 	456 (19.10) 	 	





a “Persistent short sleep at night without napping” trajectory group.

b “Continuous moderate nighttime sleep without napping” trajectory group.

c “Persistent short sleep at night with moderate naps” trajectory group.

d “Double moderate sleep duration” trajectory group.
 



3.2 Modeling the joint developmental trajectory of nighttime sleep duration and nap duration

This study included data on nighttime sleep duration and nap duration from 2011 to 2015 and used a group-based multi-trajectory model for analysis, ultimately determining that the optimal number of trajectories was 4. During trajectory modeling, models 5 and 6 were excluded due to issues such as entropy values <0.7, AvePP <0.7, or trajectory group sample proportions <5%. Compared with the first three models, Model 4 had the smallest absolute BIC value of −91037.36, an entropy value of 0.715, AvePP > 0.7, and the proportion of samples in each group was > 5%, indicating that the trajectory division had high reliability and stability, verifying the rationality and accuracy of Model 4. The estimated values of all the parameters for the fitted trajectories are detailed in Table 2. Among the 5,618 individuals included in the study, four joint developmental trajectories of nighttime sleep duration and nap duration were identified. A total of 7.8% (n = 415) followed the “Persistent short sleep at night without napping” trajectory, in which older adults in this group maintained short nighttime sleep (<6 h) throughout the 5-year follow-up period and no napping habits; 25.9% (n = 1,526) followed the “Continuous moderate nighttime sleep without napping” trajectory, characterized by consistently moderate nighttime sleep (6–8 h) over 5 years but no napping habits; 24.2% (n = 1,290) followed the “Persistent short sleep at night with moderate naps” trajectory, characterized by persistent short nighttime sleep (<6 h) but maintaining a moderate napping habit (≤60 min); and 42.1% (n = 2,387) followed the “Double moderate sleep duration” trajectory group, characterized by maintaining moderate nighttime sleep (6–8 h) for 5 years, accompanied by moderate napping (≤60 min). Figure 2 shows the four trends of the synergistic changes in nighttime sleep duration and nap duration over time.


TABLE 2 Fit indices of the GBMTM on trajectories.


	Model
	aBIC
	BIC
	AIC
	Entropy
	AvePP(%)
	Class (%)

 

 	1 	−93879.50 	−93873.23 	−93850.01 	1.000 	1.00 	100.0


 	2 	−92178.24 	−92166.59 	−92123.47 	0.763 	0.90/0.95 	34.8/65.2


 	3 	−91363.06 	−91347.83 	−91291.44 	0.752 	0.88/0.91/0.82 	25.8/55.8/18.4


 	4 	−91037.36 	−91018.54 	−90948.89 	0.715 	0.83/0.84/0.79/0.86 	7.8/25.9/24.2/42.1


 	5 	−90884.62 	−90863.12 	−90783.51 	0.696 	0.79/0.78/0.82/0.79/0.82 	12.0/18.9/4.9/34.3/29.8


 	6 	−90813.76 	−90794.05 	−90721.08 	0.670 	0.83/0.86/0.69/0.80/0.75/0.72 	8.1/18.6/15.7/6.1/37.0/14.5





GBMTM: group-based multi-trajectory model. BIC: bayesian information criterion. AvePP: average posterior probability.
 

[image: Graphs display nightsleep and nap duration over one, three, and five years for four groups. Nightsleep varies slightly among groups, while nap duration shows minimal changes. Data is color-coded for each group.]

FIGURE 2
 Trajectories of sleep duration among the CHARLS participants.




3.3 Analysis of the associations between joint developmental trajectories and intrinsic capacity

The results of the binary logistic regression showed that, compared with the “continuous moderate nighttime sleep without napping” trajectory group, the “persistent short sleep at night without napping” trajectory group had a significantly higher risk of low intrinsic capacity (OR = 1.64, 95% CI: 1.26–2.12). The “double moderate sleep duration” trajectory group was more likely to have high intrinsic capacity (OR = 0.81, 95% CI: 0.68–0.96). However, no statistically significant association was found between the “persistent short nighttime sleep with moderate napping” trajectory group and the risk of low intrinsic capacity (OR = 1.00, 95% CI: 0.82–1.21). The specific associations between the joint developmental trajectories and intrinsic capacity are shown in Table 3.


TABLE 3 Associations between trajectory groups and intrinsic capacity.


	Trajectory group
	Model 1a
 OR (95% CI)
	Model 2b
 OR (95% CI)
	Model 3c
 OR (95% CI)

 

 	Group 2 	1.00 (Reference) 	1.00 (Reference) 	1.00 (Reference)


 	Group 1 	2.74 (2.18, 3.43) 	2.29 (1.80, 2.91) 	1.64 (1.26, 2.12)


 	Group 3 	1.33 (1.12, 1.57) 	1.25 (1.04, 1.49) 	1.00 (0.82, 1.21)


 	Group 4 	0.75 (0.64, 0.88) 	0.74 (0.63, 0.88) 	0.81 (0.68, 0.96)





a Model 1 did not adjust any variables.

b Model 2 adjusted for age, gender, marital status, residence, education level, ethnic group, and health insurance status.

c Model 3 adjusted smoking, alcohol drinking, social participation, chronic diseases, multimorbidity, self-rated health status, disability, BMI, ADL, and baseline intrinsic capacity.
 

This study further explored the association between joint development trajectories and five subdomains of intrinsic capacity, and visualized the results of the association analysis in Figure 3. Compared with the “Continuous moderate nighttime sleep without napping” trajectory group, the “Persistent short nighttime sleep without napping” trajectory group had significantly lower cognitive capacity (OR = 0.77, 95% CI: 0.60–0.99) and psychological capacity (OR = 0.52, 95% CI: 0.41–0.67). The “Double moderate sleep duration” trajectory group showed higher cognitive capacity (OR = 1.25, 95% CI: 1.08–1.44) and psychological capacity (OR = 1.27, 95% CI: 1.09–1.49). In addition, the “Persistent short nighttime sleep with moderate napping” trajectory group showed higher cognitive capacity (OR = 1.28, 95% CI: 1.09–1.51).

[image: Chart displaying odds ratios (OR) with 95% confidence intervals (CI) for various capacities across four trajectory groups. Intrinsic, sensory, cognitive, and psychological capacities show varying ORs, with Group 1 often differing significantly from Group 2, which is the reference group. Vitality and locomotion are also analyzed, indicating Group 4's lower locomotion compared to Group 2. Each capacity includes OR, CI, and P-value to assess statistical significance.]

FIGURE 3
 Forest plot of the associations between trajectory groups and dimensions of intrinsic capacity.




3.4 Subgroup analysis

To assess the robustness of the association between joint developmental trajectories and intrinsic capacity, this study conducted subgroup analyses based on factors such as age, gender, residence, smoking, BMI, and multimorbidity. The results revealed that there were no significant differences in the strength and direction of the association between joint developmental trajectories and intrinsic capacity in each subgroup (P for interaction > 0.05), indicating that this association has good robustness and consistency in different populations with different characteristics. The detailed results of the subgroup analysis are shown in Table 4.


TABLE 4 Subgroup analyses by age, gender, residence, smoking, BMI, and multimorbidity.


	Subgroup
	Intrinsic capacity, OR (95%CI)
	P for interaction



	Group 2
	Group 1
	Group 3
	Group 4

 

 	Age 	 	 	 	 	0.858


 	< 60 (n = 3,321) 	1.00 (Reference) 	2.58 (1.87, 3.57) 	1.17 (0.92, 1.49) 	0.67 (0.53, 0.83) 	


 	≥ 60 (n = 2,297) 	1.00 (Reference) 	2.45 (1.76, 3.41) 	1.27 (0.99, 1.62) 	0.74 (0.59, 0.93) 	


 	Gender 	 	 	 	 	0.376


 	Female (n = 2,657) 	1.00 (Reference) 	3.06 (2.30, 4.07) 	1.50 (1.19, 1.89) 	0.81 (0.65, 1.01) 	


 	Male (n = 2,961) 	1.00 (Reference) 	2.17 (1.48, 3.17) 	1.17 (0.92, 1.50) 	0.72 (0.58, 0.90) 	


 	Residence 	 	 	 	 	0.378


 	Urban (n = 2026) 	1.00 (Reference) 	2.00 (1.31, 3.05) 	1.26 (0.93, 1.70) 	0.69 (0.52, 0.92) 	


 	Rural (n = 3,592) 	1.00 (Reference) 	3.13 (2.38, 4.11) 	1.38 (1.13, 1.70) 	0.78 (0.65, 0.94) 	


 	Smoking 	 	 	 	 	0.117


 	No (n = 3,727) 	1.00 (Reference) 	3.07 (2.36, 4.01) 	1.51 (1.23, 1.85) 	0.84 (0.69, 1.02) 	


 	Yes (n = 1891) 	1.00 (Reference) 	2.09 (1.34, 3.24) 	1.02 (0.75, 1.37) 	0.61 (0.47, 0.79) 	


 	BMI 	 	 	 	 	0.865


 	Underweight (n = 308) 	1.00 (Reference) 	3.35 (1.52, 7.37) 	0.91 (0.48, 1.72) 	0.81 (0.45, 1.46) 	


 	Normal weight (n = 2,929) 	1.00 (Reference) 	2.69 (1.99, 3.63) 	1.41 (1.13, 1.76) 	0.78 (0.63, 0.96) 	


 	Overweight (n = 1703) 	1.00 (Reference) 	2.63 (1.66, 4.17) 	1.30 (0.93, 1.81) 	0.72 (0.53, 0.98) 	


 	Obese (n = 678) 	1.00 (Reference) 	2.42 (1.12, 5.21) 	1.62 (0.93, 2.82) 	0.96 (0.58, 1.59) 	


 	Multimorbidity 	 	 	 	 	0.876


 	None (n = 1847) 	1.00 (Reference) 	2.21 (1.34, 3.64) 	0.99 (0.69, 1.40) 	0.70 (0.52, 0.93) 	


 	1–2 (n = 2,797) 	1.00 (Reference) 	2.26 (1.66, 3.08) 	1.19 (0.94, 1.51) 	0.74 (0.60, 0.92) 	


 	3–5 (n = 916) 	1.00 (Reference) 	3.38 (2.04, 5.60) 	1.38 (0.94, 2.01) 	0.82 (0.56, 1.21) 	


 	≥ 6 (n = 58) 	1.00 (Reference) 	1.20 (0.16, 8.80) 	1.46 (0.27, 7.82) 	0.53 (0.10, 2.98) 	





OR, Odds Ratio; CI, Confidence Interval.
 



3.5 Sensitivity analysis

The sensitivity analysis of this study further verified the robustness of the results. Intrinsic capacity was included as a continuous variable in the linear regression model (Supplementary Table S2), and the results of the analysis were highly consistent with the conclusions of the binary logistic regression in the main analysis (Table 3). At the same time, the results of the analysis based on inverse probability weighting (IPW) (Supplementary Table S3) also confirmed the results of the main analysis: compared with the reference group, the “Persistent short sleep at night without napping” trajectory group had a significantly higher risk of low intrinsic capacity (OR = 1.55, 95% CI: 1.19–2.02); the “Double moderate sleep duration” trajectory group was more likely to have high intrinsic capacity (OR = 0.83, 95% CI: 0.71–0.98).




4 Discussion


4.1 Identification and characteristics of four joint developmental trajectories of nighttime sleep duration and nap duration

This study successfully identified four statistically significant types of sleep joint developmental trajectories. Among them, the “Persistent short sleep at night without napping” trajectory group faced long-term nighttime sleep deprivation and lacked a napping compensation mechanism. This phenomenon may be related to factors such as sleep structure disorders caused by aging, chronic diseases, or changes in lifestyle habits. Although the “Continuous moderate nighttime sleep without napping” trajectory group did not have a napping habit, they maintained regular and moderate nighttime sleep. This phenomenon may be attributed to their healthy lifestyles and good physical functioning. The “Persistent short sleep at night with moderate naps” trajectory group compensates for insufficient nighttime sleep with naps, which alleviates the problem of insufficient total sleep time to a certain extent. However, long-term insufficient nighttime sleep may still associate with cumulative health risks. Therefore, this group needs to focus on improving the quality of nighttime sleep and avoid over-reliance on naps to compensate. The “Double moderate sleep duration” trajectory group presented an ideal pattern of nighttime sleep and nap duration within the appropriate range. This sleep pattern may be beneficial for maintaining the physical function and delaying the aging process.



4.2 A sleep pattern characterized by consistently short nighttime sleep without naps is significantly associated with a risk of low intrinsic capacity

Good sleep quality has been recognized as an important protective factor for intrinsic capacity (21, 41). Previous studies (23, 25, 30) have shown that nighttime sleep duration is related to intrinsic capacity in a U-shaped curve. Chen et al. (23) considered that napping habits may have a different effect on intrinsic capacity than nighttime sleep duration does and reported that napping for ≤60 min has a protective effect against the risk of intrinsic capacity decline. However, these studies did not consider the synergistic development of nighttime sleep duration and nap duration. On this basis, this study takes a dynamic trajectory perspective to systematically investigate the impact of the joint developmental trajectory of nighttime sleep duration and nap duration on intrinsic capacity. We found that the “Persistent short sleep at night without napping” trajectory group has a significantly greater risk of low intrinsic capacity (OR = 1.64, 95% CI: 1.26–2.12). This sleep pattern mainly reduces the intrinsic capacity by affecting the cognitive capacity and psychological capacity dimensions of intrinsic capacity. The results of subgroup analysis and sensitivity analysis are consistent with this result. In-depth exploration of the underlying mechanisms suggests that sleep deprivation may adversely affect intrinsic capacity through multiple pathways, including impairing cognitive function by disrupting neurotransmitter rhythms (42), triggering a cascade of inflammatory responses that increase pro-inflammatory factors (43), and disrupting hormonal balance to affect metabolism and immune function (44).

Some research results differ from those of this study. Zhang et al. (21) reported that insufficient sleep was not significantly associated with a decline in intrinsic capacity. Chen et al. (23) reported that both excessive sleep duration (>10 h) and insufficient sleep duration (<6 h) have a negative effect on intrinsic capacity. These differences may stem from the fact that they measured nighttime sleep duration at a single point in time, whereas this study was based on multiple measurements. The study results emphasize the importance of considering nighttime sleep duration trajectories when conducting comprehensive assessments of older adults and provide more compelling evidence for research in this field.



4.3 Napping has a potential buffering effect on the risk of low intrinsic capacity caused by persistent short nighttime sleep

This study not only revealed the adverse effects of persistent short nighttime sleep on intrinsic capacity, but also further explored the potential compensatory effects of different nap patterns on nighttime sleep deprivation. Compared with the “Continuous moderate nighttime sleep without napping” trajectory group, the risk of low intrinsic capacity in the “Persistent short sleep at night with moderate napping” trajectory group did not show a statistically significant increase (OR = 1.00, 95% CI: 0.82–1.21). This result contrasts sharply with the significantly increased risk of low intrinsic capacity observed in the “Persistent short sleep at night without napping” trajectory group (OR = 1.64). This non-significant association (OR = 1.00) suggests that regular moderate napping may have a buffering or compensatory effect on the adverse effects associated with persistent nighttime sleep deprivation.

Although persistent short nighttime sleep is generally considered harmful to health, the results of this study suggest that regular moderate napping may partially offset the negative effects of short nighttime sleep alone through potential mechanisms such as restoring daytime alertness (45), alleviating sleep pressure (46), or promoting cognitive function recovery (47), thereby helping to maintain overall intrinsic capacity. In addition, this study further found that compared with the “Continuous moderate nighttime sleep without napping” trajectory group, middle-aged and elderly people in the “Persistent short nighttime sleep with moderate napping” trajectory group may exhibit higher cognitive function. The potential mechanism behind this phenomenon may be that although the people in this trajectory group had shorter nighttime sleep duration, their sleep efficiency was significantly higher, and efficient nighttime sleep can promote cognitive repair more fully. At the same time, moderate napping can further help restore and improve cognitive function by supplementing sleep duration.

The results of this study suggest that when assessing sleep health, it is important to consider the importance of the entire sleep pattern (including napping) rather than focusing solely on nighttime sleep. However, the results of this study should be interpreted with caution. The results only indicate that the risk was not significantly increased in the “Persistent short nighttime sleep with moderate napping” trajectory group, and it cannot be inferred that moderate napping has a clear protective effect against the harms of short nighttime sleep. The results are more likely to suggest a potential neutralizing or buffering effect, which prevented the risk level in this trajectory group from reaching the significant increase observed in the “Persistent short nighttime sleep without napping” trajectory group. Therefore, the exact mechanism of this compensatory effect and its universality in different subgroups remain to be verified by future studies using more accurate sleep measurement methods and a more in-depth analysis of the dimensions of intrinsic capacity.



4.4 A sleep pattern with moderate nighttime sleep and nap duration has a synergistic protective effect on intrinsic capacity

This study further analyzed the synergistic effects of different sleep duration combinations and found that compared with the “Continuous moderate nighttime sleep without napping” trajectory group, the “Double moderate sleep duration” trajectory group was more likely to exhibit high intrinsic capacity (OR = 0.81, 95% CI: 0.68–0.96). From a clinical perspective, this sleep pattern shows a reduction in the risk of low intrinsic capacity by approximately 19%, suggesting its potential value in maintaining high intrinsic capacity at the population level. This result suggests that, on the basis of maintaining moderate nighttime sleep (6–8 h), good napping habits (≤60 min) may maintain high intrinsic capacity through the following synergistic mechanisms: At the level of neuroplasticity, moderate sleep at night completes synaptic pruning and memory consolidation through a complete NREM-REM cycle, whereas naps promote offline memory replay by supplementing NREM slow-wave activity, reducing the hippocampus’s dependence on the neocortex for memory storage and improving task accuracy by 20% (48). In terms of metabolism and immune regulation, nighttime sleep maintains the circadian rhythm of leptin/ghrelin, whereas naps reduce daytime cortisol peaks by 28% by suppressing sympathetic nervous system activity (49) and decreasing the release of the pro-inflammatory factors IL-6 and TNF-α (50), thereby alleviating the damage caused by systemic inflammation to cognitive function. In addition, at the circadian rhythm synchronization level, nighttime sleep ensures the periodic expression of core clock genes, whereas naps serve as secondary circadian rhythm anchors, enhancing the circadian amplitude of serotonin and dopamine, thereby maintaining emotional stability and motivation levels (51). This finding provides a new perspective on healthy aging and sleep. Based on ensuring adequate nighttime sleep (6–8 h), scientifically planning moderate naps (≤60 min) may be a feasible intervention target for improving functional reserve in middle-aged and older adults.




5 Strengths and limitations

This study is the first to dynamically track the joint developmental trajectory of nighttime sleep duration and nap duration in middle-aged and older adults and systematically reveals the mechanism by which the interaction between the two sleep patterns in the time dimension affects intrinsic capacity, providing an innovative theoretical basis for the construction of a “dual-mode sleep” intervention strategy. The results of this study overcome the limitations of traditional single-mode sleep research and expand the research dimension of sleep health by integrating the dynamic association between nighttime sleep and nap duration. However, this study also has several limitations. First, the assessment of sleep duration in this study relies on participants’ self-reported data, which inevitably introduces risks of recall bias and subjective judgment errors. Due to limitations in equipment and resources, this study lacks the use of gold standard objective methods (such as actigraphy, polysomnography) to calibrate or validate these subjective data. Additionally, this study did not include metric of sleep quality or the presence of sleep disorders (such as insomnia, obstructive sleep apnea), which limits the interpretability of the results. Future studies should incorporate objective monitoring devices to enhance the reliability of the results. Second, this study was based on observational data, which, although it controlled for some confounding factors, could not completely rule out the interference of unmeasured variables (such as genetic factors and occupational history). Additionally, the study population was Chinese, and sleep habits may be influenced by regional cultural factors. Therefore, caution is advised when extrapolating conclusions to other cultural contexts. Further cross-cultural comparative studies are recommended to validate the universality of the “dual-mode sleep” theory proposed in this study.



6 Conclusion

This study systematically identified four joint development trajectories of nighttime sleep duration and nap duration in middle-aged and older adults. It found that middle-aged and older adults with consistently short nighttime sleep and no naps had a significantly increased risk of low intrinsic capacity, whereas moderate napping had a potential buffering effect on the risk of low intrinsic capacity caused by consistently short nighttime sleep. In addition, a “double moderate sleep pattern” with synergistic optimization of nighttime sleep duration and nap duration is an ideal strategy for maintaining the intrinsic capacity. The results of this study reveal the association between sleep duration development trajectories and intrinsic capacity, providing new theoretical references for optimizing “dual-mode sleep” management and developing targeted health intervention strategies for middle-aged and older adults.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: https://charls.pku.edu.cn.



Ethics statement

This study has been approved by the Ethics Review Committee of Peking University, with ethics approval number: IRB 00001052-11,015.



Author contributions

CY: Data curation, Investigation, Methodology, Conceptualization, Writing – original draft, Formal analysis. XC: Methodology, Data curation, Investigation, Formal analysis, Writing – original draft. XW: Validation, Funding acquisition, Project administration, Supervision, Methodology, Writing – review & editing. YC: Supervision, Project administration, Funding acquisition, Writing – review & editing, Validation, Methodology.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Wuxi Medical Innovation Team (CXTD2021021); and the Top Talent Support Program for young and middle-aged people of Wuxi Health Committee (HB2023020).



Acknowledgments

We thank the National School of Development at Peking University and the Chinese Social Survey Center at Peking University for providing the CHARLS data.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1595241/full#supplementary-material




References
	 1. World Health Organization. Ageing and health. (2024) Available online at: https://www.who.int/news-room/fact-sheets/detail/ageing-and-health (Accessed December 2, 2024).
	 2. Andrade, JM, Andrade, FCD, Duarte, YAO, and Andrade, FB. Association between frailty and family functionality on health-related quality of life in older adults. Qual Life Res. (2020) 29:1665–74. doi: 10.1007/s11136-020-02433-5 
	 3. Beard, JR, Si, Y, Liu, Z, Chenoweth, L, and Hanewald, K. Intrinsic capacity: validation of a new WHO concept for healthy aging in a longitudinal Chinese study. J Gerontol. (2022) 77:94–100. doi: 10.1093/gerona/glab226 
	 4. World Health Organization. World report on ageing and health. Geneva: World Health Organization (2015).
	 5. Cesari, M, Carvalho, IA, Thiyagarajan, JA, Cooper, C, Martin, FC, Reginster, JY , et al. Evidence for the domains supporting the construct of intrinsic capacity. J Gerontol A Biol Sci Med Sci. (2018) 73:1653–60. doi: 10.1093/gerona/gly011 
	 6. Si, Y, Hanewald, K, Chen, S, Li, B, Bateman, H, and Beard, JR. Life-course inequalities in intrinsic capacity and healthy ageing, China. Bull World Health Organ. (2023) 101:307–316C. doi: 10.2471/BLT.22.288888
	 7. Beard, JR, Jotheeswaran, AT, Cesari, M, and Araujo de Carvalho, I. The structure and predictive value of intrinsic capacity in a longitudinal study of ageing. BMJ Open. (2019) 9:e026119. doi: 10.1136/bmjopen-2018-026119 
	 8. Zhang, N, Zhang, H, Sun, M-Z, Zhu, Y-S, Shi, G-P, Wang, Z-D , et al. Intrinsic capacity and 5-year late-life functional ability trajectories of Chinese older population using ICOPE tool: the Rugao longevity and ageing study. Aging Clin Exp Res. (2023) 35:2061–8. doi: 10.1007/s40520-023-02489-6 
	 9. WHO (2019) Integrated care for older people (ICOPE): guidance for person-centered assessment and pathways in primary care. Available online at:1301 https://www.who.int/publications/i/item/WHO-FWC-ALC-19.1 (Accessed November 20, 2024).
	 10. Aliberti, MJR, Bertola, L, Szlejf, C, Oliveira, D, Piovezan, RD, Cesari, M , et al. Validating intrinsic capacity to measure healthy aging in an upper middle-income country: findings from the ELSI-Brazil. Lancet Reg Health Am. (2022) 12:100284. doi: 10.1016/j.lana.2022.100284 
	 11. Ravyts, SG, and Dzierzewski, JM. Sleep and healthy aging: a systematic review and path forward. Clin Gerontol. (2024) 47:789. doi: 10.1080/07317115.2022.2064789
	 12. Spira, AP, Kaufmann, CN, and Stone, KL. Sleep, circadian rhythms, and aging: advancing knowledge to promote older adults’ health. J Gerontol A Biol Sci Med Sci. (2023) 78:1812–5. doi: 10.1093/gerona/glad195
	 13. Stranges, S, Tigbe, W, Gómez-Olivé, FX, Thorogood, M, and Kandala, NB. Sleep problems: an emerging global epidemic? Findings from the INDEPTH WHO-SAGE study among more than 40,000 older adults from 8 countries across Africa and Asia. Sleep. (2012) 35:1173–81. doi: 10.5665/sleep.2012
	 14. Gordon, NP, Yao, JH, Brickner, LA, and Lo, JC. Prevalence of sleep-related problems and risks in a community-dwelling older adult population: a cross-sectional survey-based study. BMC Public Health. (2022) 22:2045. doi: 10.1186/s12889-022-14443-8
	 15. Tian, L, Ding, P, Kuang, X, Ai, W, and Shi, H. The association between sleep duration trajectories and successful aging: a population-based cohort study. BMC Public Health. (2024) 24:3029. doi: 10.1186/s12889-024-20524-7 
	 16. Yang, Q, Li, S, Yang, Y, Lin, X, Yang, M, Tian, C , et al. Prolonged sleep duration as a predictor of cognitive decline: A meta-analysis encompassing 49 cohort studies. Neurosci Biobehav Rev. (2024) 164:105817. doi: 10.1016/j.neubiorev.2024.105817 
	 17. Fang, Y, Yang, M, Ning, D, Huang, H, He, Y, Huang, Y , et al. Associations between sleep duration trajectories and risk of cardio-metabolic disease among middle-aged and older Chinese adults. J Affect Disord. (2024) 362:126–33. doi: 10.1016/j.jad.2024.06.114 
	 18. Arya, V, Munasinghe, S, Sperandei, S, Marjanovic, S, Conroy, E, Freebairn, L , et al. Psychological distress and trajectories of sleep duration among Australian adolescents: a prospective cohort study. BMJ Open. (2024) 14:e080665. doi: 10.1136/bmjopen-2023-080665 
	 19. Jiang, H, Zhang, H, Wen, Z, Yuan, J, Wang, H, and Zhang, X. Association of sleep duration with obesity in older adults: A systematic review and meta-analysis. Geriatr Gerontol Int. (2024) 24:1269–82. doi: 10.1111/ggi.15004 
	 20. Koffel, E, Ancoli-Israel, S, Zee, P, and Dzierzewski, JM. Sleep health and aging: recommendations for promoting healthy sleep among older adults: a National Sleep Foundation report. Sleep Health. (2023) 9:18. doi: 10.1016/j.sleh.2023.08.018
	 21. Zhang, N, Guo, J, Zhang, M, Yu, Y, Guo, M, Xu, H , et al. Sleep disturbances and intrinsic capacity trajectories among Chinese older adults: the Rugao longevity and ageing study. Geriatric nursing. (2024) 60:150–5. doi: 10.1016/j.gerinurse.2024.08.043 
	 22. Bellelli, F. The association between sleep, pain and intrinsic capacity: A role for inflammation? J. Nutr. Health Aging. (2025) 29:100509. doi: 10.1016/j.jnha.2025.100509 
	 23. Chen, X, Li, J, Sun, S, Zhang, X, Chen, J, Wang, L , et al. Validation of intrinsic capacity and healthy sleep pattern in middle-aged and older adults: a longitudinal Chinese study assessing healthy ageing. J Nutr Health Aging. (2024) 28:100365. doi: 10.1016/j.jnha.2024.100365 
	 24. Mander, BA, Winer, JR, and Walker, MP. Sleep and Human Aging. Neuron. (2017) 94:19–36. doi: 10.1016/j.neuron.2017.02.004 
	 25. Yuan, Q, Yue, X, Wang, M, Yang, F, Fu, M, and Liu, M. Association between pain, sleep and intrinsic capacity in Chinese older adults: evidence from CHARLS. J Nutr Health Aging. (2025) 29:466. doi: 10.1016/j.jnha.2024.100466
	 26. Zhou, B, Ma, R, Wang, M, and Wang, Y. Dose-response relationship between nighttime sleep duration and intrinsic capacity declines among Chinese elderly: a cross-sectional study from CHARLS. BMC Public Health. (2025) 25:1034. doi: 10.1186/s12889-025-22294-2 
	 27. Zeng, Y, Feng, Q, Hesketh, T, Christensen, K, and Vaupel, JW. Survival, disabilities in activities of daily living, and physical and cognitive functioning among the oldest-old in China: a cohort study. Lancet. (2017) 389:1619–29. doi: 10.1016/S0140-6736(17)30548-2 
	 28. World Health Organization (2015) China country assessment report on ageing and health. 1359 Available online at: https://www.who.int/publications/i/item/9789241509312 (Accessed November 20, 2024).
	 29. Zhao, Y, Hu, Y, Smith, JP, Strauss, J, and Yang, G. Cohort profile: the China health and retirement longitudinal study (CHARLS). Int J Epidemiol. (2014) 43:61–8. doi: 10.1093/ije/dys203 
	 30. Chang, Y, Chen, Y, Ku, L, Chou, Y, Chen, H, Su, H , et al. Association between sleep health and intrinsic capacity among older adults in Taiwan. Sleep Med. (2023) 109:98–103. doi: 10.1016/j.sleep.2023.06.016 
	 31. Zhou, Y, Wang, G, Li, J, Liu, P, Pan, Y, Li, Y , et al. Trajectory of intrinsic capacity among community-dwelling older adults in China: the China health and retirement longitudinal study. Arch Gerontol Geriatr. (2024) 124:105452. doi: 10.1016/j.archger.2024.105452 
	 32. Li, R, and Cheng, X. Research progress of intrinsic capacity and influencing factors in the elderly. ACM. (2024) 14:1399–405. doi: 10.12677/ACM.2024.141201
	 33. Chen, X-L, Li, J, Sun, S-N, Zhao, Q-Q, Lin, S-R, Wang, L-J , et al. Association between daily internet use and intrinsic capacity among middle-aged and older adults in China: large prospective cohort study. J Med Internet Res. (2024) 26:e54200. doi: 10.2196/54200 
	 34. Zhou, M, Kuang, L, and Hu, N. The association between physical activity and intrinsic capacity in Chinese older adults and its connection to primary care: China health and retirement longitudinal study (CHARLS). Int J Environ Res Public Health. (2023) 20:5361. doi: 10.3390/ijerph20075361 
	 35. Guo, Z, Chen, Y, Koirala, B, Li, J, Jia, Y, and Dennison Himmelfarb, CR. Intrinsic capacity trajectories and cardiovascular disease incidence among Chinese older adults: a population-based prospective cohort study. BMC Geriatr. (2025) 25:269. doi: 10.1186/s12877-025-05910-z
	 36. He, X, and Yang, H. Longitudinal association of adverse childhood experiences with cognitive function trajectories among middle-aged and older adults: group-based trajectory modeling. Front Psych. (2024) 15:1440265. doi: 10.3389/fpsyt.2024.1440265 
	 37. Duan, S, Chen, D, Wang, J, Paramboor, MS, Xia, Z, Xu, W , et al. Digital exclusion and cognitive function in elderly populations in developing countries: insights derived from 2 longitudinal cohort studies. J Med Internet Res. (2024) 26:e56636. doi: 10.2196/56636 
	 38. Jones, B. L., and Nagin, D. S. A Stata plugin for estimating group-based trajectory models. 42:608–613. doi: 10.1177/0049124113503141
	 39. Nagin, DS, Jones, BL, and Elmer, J. Recent advances in group-based trajectory modeling for clinical research. Annu Rev Clin Psychol. (2024) 20:285–305. doi: 10.1146/annurev-clinpsy-081122-012416 
	 40. Nagin, DS, Jones, BL, Passos, VL, and Tremblay, RE. Group-based multi-trajectory modeling. Stat Med Res. (2018) 27:2015–23. doi: 10.1177/0962280216673085
	 41. Ma, L, Zheng, E, Fang, Y, Chen, H, Cai, S, Luo, F , et al. Intrinsic capacity loss rates and protective factors among individuals aged 80 years and older in Chinese nursing homes: a latent class analysis. Geriatr Nurs. (2024) 60:42–51. doi: 10.1016/j.gerinurse.2024.08.019 
	 42. Niu, L, Zhang, F, Xu, X, Yang, Y, Li, S, Liu, H , et al. Chronic sleep deprivation altered the expression of circadian clock genes and aggravated Alzheimer’s disease neuropathology. Brain Pathol. (2022) 32:e13028. doi: 10.1111/bpa.13028 
	 43. Sang, D, Lin, K, Yang, Y, Ran, G, Li, B, Chen, C , et al. Prolonged sleep deprivation induces a cytokine-storm-like syndrome in mammals. Cell. (2023) 186:5500–5516.e21. doi: 10.1016/j.cell.2023.10.025 
	 44. Xie, L-Q, Hu, B, Lu, R-B, Cheng, Y-L, Chen, X, Wen, J , et al. Raptin, a sleep-induced hypothalamic hormone, suppresses appetite and obesity. Cell Res. (2025) 35:165–85. doi: 10.1038/s41422-025-01078-8 
	 45. Lou, S, Hu, S, Chen, Y, Zhao, K, Zhou, Y, Hou, J , et al. Benefits of napping habits in healthy adults: maintaining alerting performance and cortisol levels change within 90 min of habitual napping time. Sleep Med. (2024) 119:214–21. doi: 10.1016/j.sleep.2024.04.021 
	 46. Cousins, JN, Leong, RLF, Jamaluddin, SA, Ng, ASC, Ong, JL, and Chee, MWL. Splitting sleep between the night and a daytime nap reduces homeostatic sleep pressure and enhances long-term memory. Sci Rep. (2021) 11:5275. doi: 10.1038/s41598-021-84625-8 
	 47. Dutheil, F, Danini, B, Bagheri, R, Fantini, ML, Pereira, B, Moustafa, F , et al. Effects of a short daytime nap on the cognitive performance: A systematic review and Meta-analysis. Int J Environ Res Public Health. (2021) 18:10212. doi: 10.3390/ijerph181910212 
	 48. Kharas, N, Chelaru, MI, Eagleman, S, Parajuli, A, and Dragoi, V. NREM sleep improves behavioral performance by desynchronizing cortical circuits. Science. (2024) 386:892–7. doi: 10.1126/science.adr3339 
	 49. Faraut, B, Nakib, S, Drogou, C, Elbaz, M, Sauvet, F, De Bandt, J-P , et al. Napping reverses the salivary interleukin-6 and urinary norepinephrine changes induced by sleep restriction. J Clin Endocrinol Metab. (2015) 100:E416–26. doi: 10.1210/jc.2014-2566 
	 50. Irwin, MR, Olmstead, R, and Carroll, JE. Sleep disturbance, sleep duration, and inflammation: A systematic review and Meta-analysis of cohort studies and experimental sleep deprivation. Biol Psychiatry. (2016) 80:40–52. doi: 10.1016/j.biopsych.2015.05.014 
	 51. Faraut, B, Andrillon, T, Vecchierini, M-F, and Leger, D. Napping: A public health issue. From epidemiological to laboratory studies. Sleep Med Rev. (2017) 35:85–100. doi: 10.1016/j.smrv.2016.09.002 


Copyright
 © 2025 Yang, Chen, Wan and Cai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







 


	
	
POLICY BRIEF
published: 06 August 2025
doi: 10.3389/fpubh.2025.1584990








[image: image2]

Brief geriatric assessments for older adults in the community in Singapore: a policy brief

Woan Shin Tan1*, Jonathan Gao1, Ezra Ho1, Lay Khoon Lau1, Penny Lun1 and Yew Yoong Ding1,2


1Geriatric Education and Research Institute, Singapore, Singapore

2Department of Geriatric Medicine, Tan Tock Seng Hospital, Singapore, Singapore

Edited by
 Peter Crome, Keele University, United Kingdom

Reviewed by
 Siti Anom Ahmad, Putra Malaysia University, Malaysia
 Simin Mouodi, Babol University of Medical Sciences, Iran

*Correspondence
 Woan Shin Tan, tan.woan.shin@geri.com.sg 

Received 28 February 2025
 Accepted 24 July 2025
 Published 06 August 2025

Citation
 Tan WS, Gao J, Ho E, Lau LK, Lun P and Ding YY (2025) Brief geriatric assessments for older adults in the community in Singapore: a policy brief. Front. Public Health 13:1584990. doi: 10.3389/fpubh.2025.1584990
 

Early detection and assessment of geriatric syndromes and social issues is important to help older adults maintain health and functional ability. While comprehensive geriatric assessment (CGA) is considered the gold standard, it is resource intensive to implement. Shorter forms such as a brief geriatric assessment (BGA) could be an alternative. We adopted a multi-method, three-phase study to understand how BGAs could be implemented in the community. Findings suggest that BGAs can help to identify older adults with unmet needs or geriatric syndromes for further appropriate assessments. A BGA should include an assessment of physical health, psychological health, functional ability, mobility, and social needs. Stakeholder dialogues emphasised that BGAs should align with the existing system of screening and assessments spearheaded by other governmental agencies.
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1 Background

The population of Singapore is ageing at an unprecedented rate. As of June 2024, 19.9% of the Singapore citizen population was aged 65 and above (1). Among older adults, the level of impairment in activities of daily living (ADL) and instrumental ADL is notably high, with a pooled prevalence of 23.6 and 39.3%, respectively (2). Similar trends are observed when we examined the prevalence of cognitive impairment (35.6%), sensory problems (32.3%), psychological issues (20.9%) and limitations in locomotion (20.8%) among community-dwelling older adults (3). By 2030, it is estimated that the proportion of older adults among Singapore citizens will grow to 24.1%, potentially resulting in a corresponding increase in the burden of age-related physical disability, functional and cognitive impairments, sarcopenia, and frailty (1). It is vital that health systems are designed to support the health and functional ability of older adults. This helps older adults live independently, reducing future burden on care services.

Early detection and assessment could signpost at-risk older adults to relevant preventive health services. However, functional declines and geriatric syndromes are often underdiagnosed as they do not fall into specific disease groups. Comprehensive Geriatric Assessments (CGA) have been shown to increase independence and reduce mortality risk among frail older adults in hospital settings (4). These holistic, multidimensional assessments support the identification of geriatric syndromes, geriatric conditions, psychosocial and functional issues, and support development of an integrated and coordinated care plan. Although evidence on its impact on health outcomes when carried out in community-based settings is still equivocal (5–7), many jurisdictions such as the United Kingdom (8) and Singapore have introduced community-based CGAs to provide person-centred holistic care to older adults.

In 2023, the Singapore Ministry of Health published the National Frailty Strategy Policy Report, which outlined recommendations to strengthen frailty prevention, detection, and management. The report recommended the conduct of CGAs performed by trained health professionals for older adults who are mildly frail with declines in intrinsic capacity as well as those who are moderately frail (9). This approach stratifies older adults based on frailty status and reserves CGAs for individuals who are most likely to benefit from them. However, the assessment itself is still time-consuming to carry out, and community-based care providers may face specific challenges in operationalising and optimising the delivery of a CGA (7).

In translating national policies into practice, it is often necessary to contextualise the guidance. In the Singapore context, private clinics attend to approximately 80% of all primary care admissions (10). However, public clinics (also known as ‘polyclinics’) bear a disproportionate burden of patients with complex conditions, such as non-communicable diseases because public patients can receive a comprehensive range of subsidised health services (11). Due to this imbalance between public and private healthcare utilisation, polyclinic doctors face long hours and heavy workloads, attending to approximately 40 patients per day (12, 13). In such busy settings, conducting a CGA is challenging as it may take more than an hour to complete the assessment. Additional time is also required to tailor recommended interventions to individuals’ needs. Shorter forms such as a brief geriatric assessment (BGA) can be an alternative. However, little is known about its assessment domains in comparison to CGAs, its role in clinical care, and implementability in Singapore. This policy brief syntheses the international evidence around BGAs, obtains local consensus, and identifies implementation considerations from health, social, and policy stakeholders to understand the feasibility of implementing BGAs in the community. Drawing lessons from the Singapore context, we highlight the potential for effective preventive health design in the community setting to enable healthy ageing among older adults.



2 Methods

A sequential multiple methods approach was adopted to mobilise a range of evidence across a three-phase study. Evidence from a scoping review was combined with local clinical experts’ opinion and qualitative findings from stakeholder dialogues, to consider options to address the problem, and key implementation considerations (14). A system of transparent and responsive engagement was cultivated with our stakeholders by sharing our findings with each relevant group. The final stage involved synthesising the findings into a policy brief (Figure 1).
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FIGURE 1
 Approach to constructing the evidence for the policy brief.


In Phase 1, we conducted a scoping review of international literature to identify BGA tools that have been implemented or evaluated in primary care or community settings (15). The scoping review was carried out according to PRISMA guidelines. We used a Population-Concept-Context search strategy (older adults ≥ 60 y; ‘brief/abbreviated geriatric assessment’; community or primary care settings) to search CENTRAL, Pubmed, and Embase databases for relevant papers since inception—April 2024. We sought to identify the tools, commonly assessed domains, and the role of BGA in relation to care pathways in the community. This helped us understand how BGAs have been utilised and provided insights into the practical considerations of implementation. 25 studies examined the implementation and/or evaluation of BGA in community and primary care settings. This synthesis also highlighted gaps in knowledge and generated insights to inform policy recommendations.

In Phase 2, we drew on findings from our scoping review to design a two-round electronic Delphi study to understand the core requirements such as target population, essential assessment domains, as well as implementation considerations for a BGA in Singapore (16). Three expert geriatricians with clinical and research experience in geriatric assessments contributed to statement development. In total, 72 statements were developed to elicit experts’ perspectives on BGA design and implementation decisions. For example, statements on which domains should be covered by a BGA, and how it should be administered. These statements were sent to a purposive sample comprising geriatricians and family physicians from publicly funded healthcare provider groups in Singapore. Fifteen out of the 16 participants responded and participated in the study. An a priori dual criteria was used to define consensus as having at least 75% of the panel members disagreeing or agreeing to a statement and an interquartile range of one or less (17, 18).

In Phase 3, we conducted a series of dialogues to understand the perspectives of administrators and implementers working in health and community care on how a BGA fits in with the overall national and organisational strategy for the care of older adults, and to explore the feasibility of implementing a BGA in practice. Findings from our Delphi study were used to design our topic guides and guide conversations with dialogue participants. We adopted purposive sampling to obtain a range of perspectives from those who are involved in formulating frailty policy, and individuals responsible for the operationalisation of screening and assessment of older adults in the community. In total, we held discussions with 29 stakeholders across 14 organisations. Five stakeholders worked at national agencies, three stakeholders represented national healthcare organisations, seven stakeholders were from community nursing teams and polyclinics, 11 from social care organisations, and three general practitioners.



3 Implications from the evidence


3.1 Role of BGA and implied care pathway

Despite widespread views that CGAs are resource intensive to implement in community and primary care settings, our scoping review revealed that there were no valid alternatives to the CGA (15). Instead, brief assessments are typically used to identify older adults with unmet needs or geriatric syndromes to direct them to further assessments or referrals along the continuum of care. Moreover, there is a lack of evidence to support replacing a full CGA with a shortened version. Local clinical experts concurred with this. There was consensus amongst the 15-member Delphi panel on initiating a CGA as a confirmatory step following a screen-positive by a BGA, before follow-up care could be safely recommended (16). Based on the findings from the Delphi panel, Figure 2 shows the role of BGA and the implied care pathway for older adults in the community.
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FIGURE 2
 Role of BGA and implied care pathway.




3.2 Target population

There was consensus among the Delphi panel that a BGA should target older adults showing or reporting geriatric syndromes, or older adults with mild to moderate frailty (16). Statements targeting broader groups such as those living alone, aged 75 and above, or receiving regular primary care services did not achieve consensus. While it could be simpler to implement a policy that uses a broad age cut-off or to target older adults attending primary care clinics, the panel preferred the use of a more targeted approach as it is operationally more efficient. In addition, individuals who are severely frail would not benefit from a brief assessment and these individuals should be referred for CGA instead.



3.3 Dimensions and mode of assessment

The scoping review highlighted that BGA tools commonly assessed the physical health, psychological or mental health, functional ability, and mobility or balance of the older person (15). In addition to these four domains, the Delphi panel strongly agreed that a BGA should also consider one’s social situation as living alone and not having any caregivers could negatively affect an older person’s health outcomes and quality of life (19, 20).

In the research literature, studies have relied on self- or proxy-reported accounts or made use of healthcare professionals or trained non-healthcare personnel to administer the assessment (15). For assessments to be sufficiently accurate for clinical use, there was consensus among the Delphi panel members that BGAs can be feasibly administered by healthcare professionals other than doctors (16). Although 73% of the panellists agreed that trained non-healthcare professionals could administer a BGA, consensus was not reached. However, there is a need to balance accuracy of assessment and implementability. Given current demands on staffing capacity, it is likely impractical to strictly adhere to using healthcare professionals. Establishing a system for training, audit, and collection of feedback could help build trust and confidence around the involvement of non-healthcare professionals for selected sections of a BGA.



3.4 Barriers to BGA implementation

There are currently no systematic screening procedures in place in the public and private primary care sectors. Assessments are typically conducted when older adults present with various complaints. A variety of different tools may be used by community nurses carrying out modified CGAs, and by day care and home care providers. Outside of healthcare, there is however an existing system of mass screening. This is led by the Silver Generation Office (SGO), a governmental agency that conducts outreach to older adults in the community. As part of the SGO’s community engagement work, trained volunteers identify vulnerable older adults by conducting door-to-door visits and administering a questionnaire that covers domains on an individual’s physical health, psychological health, functional abilities, balance, and social needs. The SGO provides Active Ageing Centres, which are responsible for keeping older adults physically, mentally and socially active, with the screening results for residents living within their neighbourhood. Given the wide outreach of SGO, there is a general perception that a BGA will be duplicative in the community sector.

Stakeholders also perceived the feasibility of implementing a BGA to be contingent upon the resolution of several systemic barriers including manpower and infrastructural constraints. Its adoption may be hampered by the lack of a clear national framework that links and guides the goal of universal and targeted screening across the care continuum. Stakeholders also emphasised the importance of ensuring adequate downstream capabilities and capacity to manage screened positive older adults, and the need to set up data-sharing and communications platforms between various stakeholder groups.

There were also concerns regarding the trustworthiness of BGA findings and its potential downstream impact. Stakeholders had reservations about the conduct of psychological and/or cognitive screening as part of a BGA due to a perceived lack of expertise to conduct such tests in community settings. Furthermore, stakeholders cautioned that community workers will need to carefully communicate and help older adults understand BGA results given the societal stigmas associated with being tested positive for certain health conditions.

In general, many stakeholders reported that older adults have low interest in participating in screening or health assessment activities as they may prefer to seek care only when they are experiencing symptoms or signs of an active disease. Additionally, the lack of information around the implications of the screening and expectations on follow-up recommendations may be disempowering when patients are uninformed or feel uncertain about making health decisions. Consequently, patients are less likely to take ownership of their health, contributing to low follow-through rates for screening and treatment. Stakeholders also expressed concerns over the appropriateness of allocating resources to screening, follow-up assessments and treatment when patients may be less receptive to following through (Figure 3).
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FIGURE 3
 Perceived barriers and actionable recommendations.





4 Policy options and implications

Early screening and assessments can better detect and signpost at-risk seniors with geriatric syndromes and social issues to activities and services that could maintain and prevent further declines in their physical and mental reserves. However, a systems approach is needed to link the complex network of service provision in the community to create value for older adults. To overcome the barriers, the following policy options may better support the implementation of a BGA in the future. These policy options are complementary and ought to be implemented to collectively support older adults to age independently in their communities.


4.1 Establish care pathways

Identifying unmet health and social care needs in older adults is already part of our national community engagement effort. One policy option would be to establish evidence-based care pathways that spans social and healthcare sectors. However, given that few studies have examined the impact of BGA when combined with clinical intervention pathways, future research should seek to clarify longer-term impacts to inform policy, and to provide an evidence base to support its integration into routine care. It is also essential to establish clear indications for a CGA. If a CGA is not clinically necessary, or if patients prove to be unreceptive towards a full assessment, there should be management pathways available for specific conditions to guide their care (16).



4.2 Harmonise assessment tools and share data across settings

Given the high variability in health assessment tools used by various governmental agencies and care providers, one option is to commission a review of existing tools to harmonise the assessment dimensions, and to recommend a set of reliable and validated objective measures and/or self-reporting tools for use in practice. Establishing a standard set of validated measures will give providers greater confidence in the validity of the assessment results. Additionally, care pathways will become more efficient by reducing unnecessary duplication of assessments and tests. To share such data across health and social care settings, we ought to explore how to leverage the National Electronic Health Record (NEHR) system, which currently serves as the central repository of patients’ summarised health records across different healthcare providers.



4.3 Create a policy implementation blueprint

An eldercare ecosystem that meets the needs and preferences of older adults is foundational for frailty management at the population level. Linking the overall aims of preserving functional ability with evidence-based practices and resources can provide a roadmap on how to achieve the desired health outcomes for community-based older adults. This, however, cannot be achieved without adequate resources to support the various service lines and acceptance from older adults. Without timely matching of services to needs, early detection could create further stress on existing healthcare resources. Therefore, investment in the development of a national implementation blueprint for aged care defining the goals and objectives, roles of health and social care providers, and a resource and capacity projection plan, can increase the likelihood of effective policy implementation. This will require the formation of a multisectoral stakeholder group to contribute their views and expertise to develop, and act as sectoral champions to sustain its use in practice.




5 Actionable recommendations

Specific actions are needed to address barriers identified to hinder the implementation of BGAs. These recommendations aim to promote greater adoption of a BGA as part of a care pathway by primary and community care providers. In addition, it is crucial to understand the reasons for non-acceptance and to include strategies to address those specific barriers as part of the implementation blueprint.


5.1 Enhancing provider adoption of BGAs

The screening tool should be reliable and valid, as well as add value to care providers by improving work efficiency. Before widespread implementation, we would suggest pilot-testing the feasibility of administering and incorporating such tools within community-based clinics or centres. We recommend specifically testing the validity and predictive performance of potential BGA and CGA tools to ensure that the results are reliable and meet clinical standards for use to assure providers that professional standards of clinical safety and accountability are maintained. Furthermore, there needs to be adequate training for personnel administering the screening tool and policymakers should consider how to provide sufficient funding to incentivise community-based providers for the time taken to conduct the screening and subsequent assessments along the care pathway.



5.2 Meeting the needs and preferences of older adults

According to our research, older adults showed little interest in geriatric syndrome screening and management programmes. The benefits and the implication of a BGA need to be effectively communicated to patients and their family members. This may motivate greater participation in screening, assessment, or follow-up interventions. We recommend for the BGA to be designed such that it can be completed within a short period of time, and not be too intrusive to older adults. Older adults may reject BGAs and downstream interventions for a myriad of reasons. Tailored approaches intended to address the preferences and meet the needs of different groups of older adults are therefore crucial to improving their acceptance of a BGA.




6 Conclusion

Overall, our study suggests that BGAs can help to identify older adults with unmet needs or geriatric syndromes for further appropriate assessments. Our scoping review and electronic Delphi study suggest that a BGA should serve as a precursor to undergoing a CGA, and include an assessment of physical health, psychological health, functional ability, mobility, and social needs. Stakeholders emphasised that BGAs should align with the existing system of screening and assessments spearheaded by other governmental agencies. They highlighted the need for a national policy linking targeted screening with adequately resourced downstream care processes. Concerns about the psychometric properties of BGAs, their trustworthiness, and impact on downstream outcomes should be addressed. Finally, data linkages between health and social care providers should be strengthened through inter-sectoral rather than intra-sectoral information technology integration. A well-resourced and coordinated policy effort will be needed to effectively address these issues, improve the delivery of timely preventive care, and support healthy ageing among older adults in Singapore.
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Objectives: To explore the latent profiles of loneliness in community-dwelling older adults and to explore the relationship between categories and cognitive functioning to inform targeted interventions.
Methods: A survey was conducted on 658 elderly individuals from 9 communities in Henan Province using the Simplified Loneliness Scale and the Montreal Cognitive Assessment Scale. Mplus8.3 was used for latent profile analysis, and SPSS26.0 software was used to compare the cognitive function differences of elderly people with different types of loneliness.
Results: Prevalence rate of mild cognitive impairment in community-dwelling older adults 31.00% (204/658). The latent profiles of loneliness symptoms in community-dwelling older adults can be categorized into three latent profiles: low loneliness group (54.4%), social loneliness group (24.3%), and emotional loneliness group (21.3%). Community-dwelling older adults in the emotional loneliness group had a higher risk of cognitive impairment compared to the low loneliness group (OR = 1.693, p < 0.05).
Conclusion: Three categories of loneliness exist in community-dwelling older adults, with differences in cognitive functioning among community-dwelling older adults with different latent profiles. Community healthcare workers should pay attention to the loneliness of older adults during cognitive function screening, and especially provide psychological counseling to emotionally isolated community-dwelling older adults in order to reduce the risk of cognitive impairment.
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1 Introduction

In the current era of accelerating population aging, changes in population structure affect various levels of society. The World Health Organization predicts that the global elderly population aged 60 and above will reach 2.1 billion by 2050 (Kidambi and Lee et al., 2020). With the increasing proportion of the elderly population, the mental health issues of the elderly have gradually surfaced, and the mental health issues of the current elderly population are receiving more attention. Loneliness is a subjective psychological state of social and emotional isolation, which is a negative emotional experience (Yu et al., 2023). As age increases, loneliness becomes very common. Surveys in European and American countries have found that the prevalence of loneliness among the elderly ranges from 5 to 43% (Van As et al., 2022). A meta-analysis found that elderly people in Central and Eastern Europe have a higher prevalence of loneliness (Surkalim et al., 2022). However, loneliness not only affects the quality of life of individuals in the elderly population, but numerous studies have found that loneliness often serves as an intermediary for various negative emotions, indirectly affecting the physical and mental health of the body (Lutzman et al., 2021; Zafar et al., 2021). Especially with the increasing number of empty nesters and elderly people living alone, the problem of loneliness among the elderly has become more severe, and their quality of life and subjective well-being have declined (Chokkanathan, 2024). Community healthcare workers should pay more attention to this issue and make corresponding mental health education.

Research has found that loneliness may be associated with the occurrence of mild cognitive impairment, which can directly or indirectly affect the executive and cognitive functions of elderly people through multiple pathways (Lara et al., 2019; Wilson et al., 2021). A cross-sectional study shows that the prevalence of mild cognitive impairment among people over 60 years old in China is 15.5%, and the incidence rate is rising (Jia et al., 2020), however, there are still issues such as low awareness of MCI and immature intervention systems (Pérez et al., 2022). Mild cognitive impairment, as a prodromal stage of Alzheimer’s disease, early prevention can delay the progression of MCI to AD (Cong et al., 2023). In community research, it has been observed that the proportion of individuals developing from MCI to AD is much lower than in clinical settings (Sha et al., 2022). After implementing cognitive management measures for elderly individuals with MCI, some of them were able to restore their cognitive levels to normal (Iraniparast et al., 2022). Therefore, identifying controllable factors that affect cognitive function in elderly individuals with MCI in the community can effectively delay the progression of cognitive impairment to dementia.

Previous studies have mostly adopted a variable centered approach, treating them as homogeneous individuals and paying less attention to whether there is heterogeneity in loneliness levels among elderly people in the community. Although there are various methods to improve loneliness among the elderly, most of them adopt consistent intervention measures to manage the elderly population, without paying attention to the different characteristics among the elderly groups. However, the loneliness emotions of the elderly are complex and exhibit significant group heterogeneity. Therefore, this study adopts the Latent Profile Analysis method to explore the potential subtypes of loneliness among elderly people in the community at the individual center, capturing group heterogeneity. It determines the subgroups to which individuals belong based on the response patterns of heterogeneous groups on external variables, and the objectivity of the model fitting indicators also avoids high heterogeneity within the group caused by subjective classification standards as much as possible, thus capturing the group inequality that cannot be observed in variable centered research (Zheng and Zhang, 2024). Compared with traditional clustering analysis, LPA has stricter criteria for retaining the number of categories and more accurate classification results (Hou and Zhang, 2023). This study aims to explore the potential characteristics of elderly people in communities with different types of loneliness, and analyze the risk relationship between different subgroups of loneliness and cognitive function, providing reference for the development of intervention measures to improve cognitive function in elderly people.



2 Materials and methods


2.1 Study design and population

This study is a cross-sectional study that used random sampling to study elderly people from 9 communities in a city in Henan Province from July 2021 to October 2022. Inclusion criteria: (1) Age ≥ 60 years old; (2) Residing in the community for at least 12 months; (3) Voluntarily participating in this study; (4) Normal expression and comprehension ability, able to independently complete questionnaire filling or complete the survey through the investigator. Exclusion criteria: (1) Individuals with visual or hearing impairments or accompanied by serious illnesses (such as traumatic brain injury, mental illness, etc.) that affect cognitive testing; (2) Those who have recently suffered from life setbacks. This study distributed 692 survey questionnaires to elderly people in the community, and after excluding 27 invalid questionnaires such as incomplete filling and regular answering, 658 valid questionnaires were finally collected, with an effective rate of 95.08%. This study has been approved by the Ethics Committee of Xinxiang Medical University (XYLL-20220001).



2.2 Research instrument


2.2.1 General information questionnaire

The research team independently designed a demographic general information questionnaire, which includes relevant information such as age, gender, education level, marital status, average monthly household income, chronic disease status, and exercise frequency.



2.2.2 Montreal Cognitive Assessment Scale (MoCA)

The MoCA scale is a measurement tool developed by Nasreddine et al. (2005). Based on the MMSE scale, and is used for rapid screening of MCI. The scale includes seven cognitive domains: visual spatial and executive ability, naming ability, attention, language, abstraction ability, delayed recall, and orientation ability. The total score of the scale is 30 points, with ≥ 26 points indicating normal cognition. If the education years are ≤12 years, the total score is increased by 1 point. In this study, the Cronbach’s alpha coefficient of the scale was 0.821.



2.2.3 University of California, Los Angeles Loneliness Scale-8 (ULS-8)

This scale is a simplified version of Russell’s 20 item loneliness scale developed by Hays and DiMatteo (1987), consisting of 8 items, to assess the level of loneliness in older adults. The simplified version of the Loneliness Scale is single dimensional and uses the Likert 4-point rating system, with scores ranging from “never” to “always.” Items 3 and 6 are scored in reverse. The total score is the sum of the scores of 8 items, and the higher the score, the more severe the level of loneliness. The Cronbach’s alpha coefficient of this scale in this study was 0.730.



2.2.4 Geriatric Depression Scale-15 (GDS-15)

This scale is based on the Geriatric Depression Scale and is answered with a “yes” or “no” answer. In Zhang’s research results, it was found that GDS-15 exhibited high internal consistency in all samples (Zhang et al., 2020). This scale contains 15 questions, and the higher the score, the more severe the depressive symptoms. 0–4 points indicate no depressive symptoms, 5–8 points indicate mild depression, 9–11 points indicate moderate depression, and 12–15 points indicate severe depression. The Cronbach’s alpha coefficient of this scale in this study was 0.758.




2.3 Data collection

This study used face-to-face questionnaire surveys to collect data, and the results of cognitive impairment were diagnosed by community doctors. During data collection, the researchers followed a uniform protocol, providing consistent verbal instructions to each participant while obtaining informed consent and distributing the survey materials. They systematically detailed the study’s purpose, questionnaire components, and relevant precautions to ensure participant understanding. After the questionnaire was distributed, the research subjects filled it out and collected it on the spot for verification. This study distributed 692 questionnaires and received 658 valid responses, with an effective response rate of 95.08%.



2.4 Statistical analysis

The research data was analyzed for potential profiles using Mplus8.3. Starting from the initial model of a single category, gradually increasing the number of potential profiles, testing the adaptability of each model, and ultimately selecting the best potential profile model. Akaike information criteria (AIC), Bayesian information criteria (BIC), and adjusted BIC (aBIC), the smaller the statistical value, the better the fitting effect (Băjenaru et al., 2022). Entropy is used to evaluate the accuracy of classification, when Entropy ≥ 0.8, it indicates that the current classification accuracy is greater than 90%, and the closer the entropy value is to 1, the more accurate the model classification is (Kong and Zhang, 2023). Lo Mendel Rubin (LMR) and Bootstrap based likelihood ratio test (BLRT) are used to compare the fitting differences between different category models. If the BLRT and LMR are p < 0.05, it indicates that k category models are better than k-1 category models (Zhang et al., 2021). SPSS 26.0 software was used for data analysis. Count data were described using frequency and percentage, and the χ2 test or Fisher’s exact probability method was used for comparison between multiple groups. The measurement data conforming to normal distribution were expressed as (

x
¯

 ± s), and one-way ANOVA was used for comparison between multiple groups. Quantitative data that do not follow a normal distribution are described using median (M) and quartiles (P25, P75). The variable assignments are as follows: Gender, male = 1, female = 2; Marital status, widowed = 0, married = 1; Monthly household income, below 2000 RMB = 1, 2000 ~ 4,000 RMB = 2, 4,000 RMB and above = 3; Residential mode, non-living alone = 1, living alone = 2; Chronic disease status, none = 0, one = 1, two or more = 2; Drinking history, no = 0, yes = 1; Interests and hobbies, none = 0, yes = 1; Exercise frequency, almost never = 1, occasionally = 2, often = 3; Cognitive impairment, none = 0, yes = 1. Multivariate analysis was performed by Logistic regression, and the test level p < 0.05.




3 Results


3.1 Common method bias testing

Common Method Bias Testing was applied to all items of the scale. The analysis results showed that the eigenvalues of 9 factors were >1, and the variance explanation rate of the first factor was 14.05%, lower than the critical standard of 40%, indicating that there was no serious common method bias in this study.



3.2 General information for the elderly

This study included 658 elderly residents in the community, including 247 males and 411 females; Age range 65–90 (71.76 ± 4.995). Marital status: 534 with spouse and 124 widowed; Family monthly income: 58 cases with income less than 2000 RMB, 369 cases with income between 2000 and 4,000 RMB, and 231 cases with income greater than 4,000 RMB; Residential mode: 57 cases living alone, 601 cases not living alone; Educational level: 84 cases of primary school or below, 208 cases of Middle school, 161 cases of high school, and 205 cases of college and above; Exercise frequency: Almost never 118 cases, occasionally 459 cases, frequently 81 cases. The score of the simplified version of the ULS-8 scale for elderly people in the community is 13.00 (11.00, 16.00) points, the cognitive function score for elderly people in the community is (24.98 ± 2.529) points, and the detection rate of cognitive impairment among elderly people in the community is 31.00% (204/658).



3.3 Latent profile analysis of loneliness among elderly people in the community

The study used the scores of 8 items in the simplified version of the ULS-8 scale as external variables to fit the potential profile of loneliness levels among elderly people in the community. This study explored 1–5 potential profile models, and the indicators of the fitted models are shown in Table 1. As the number of profiles increases, the values of AIC, BIC, and aBIC gradually decrease, and the p < 0.05 values of LMR and BLRT for each category model are statistically significant. Taking into account various indicators and the practical significance and interpretability of the fitting model, this study believes that the three category model are the optimal model for fitting. The attribution probabilities of the three category models in each category were 94.9, 87.0, and 97.4%, all of which were >85%, indicating the reliability of the potential profile analysis results in this study.


TABLE 1 Latent profiles analysis of loneliness among elderly people in the community and fitting indicators of various models.


	Category
	AIC
	BIC
	aBIC
	Entropy
	LMR (P)
	BLRT (P)
	Latent profiles proportion (%)

 

 	1 	13292.838 	13364.665 	13313.865 	 	 	 	


 	2 	12543.389 	12655.620 	12576.244 	0.803 	<0.001 	<0.001 	0.667/0.333


 	3 	12309.266 	12461.899 	12353.948 	0.851 	<0.001 	<0.001 	0.544/0.243/0.213


 	4 	10677.082 	10870.118 	10733.592 	0.931 	0.0034 	<0.001 	0.144/0.251/0.483/0.122


 	5 	10531.692 	10765.131 	10600.030 	0.937 	0.0023 	<0.001 	0.251/0.456/0.112/0.059/0.122




 



3.4 Latent profile characteristics and naming of loneliness among elderly people in the community

The scores of each item on the simplified version of the ULS-8 scale for the potential profile of loneliness among elderly people in the community are shown in Figure 1. Among the three categories, 358 elderly people (54.4%) in the first category had low scores in all items, and were named the low loneliness group 11.00 (9.00, 12.00). The second category has a higher average score in items ③, ⑤, ⑥, and ⑦, and the corresponding problem is social activity. Therefore, it is named the social loneliness group 16.00 (15.00, 18.00), with a total of 160 elderly people (24.3%) in this community. The third category has a higher average score in items ①, ②, ④, and ⑧. This question mainly focuses on subjective feelings of loneliness, so it is named the emotional loneliness group 18.00 (15.00, 20.00). There is a total of 140 elderly people (21.3%) in this community.

[image: Line graph depicting mean scores across eight items for three loneliness groups: C1 Low loneliness (54.4%), C2 Social loneliness (24.3%), and C3 Emotional loneliness (21.3%). C3 starts higher, peaks at item 1, then declines and stabilizes. C2 begins lower, fluctuates, and slightly rises after item 6. C1 maintains a relatively stable, lower score throughout.]

FIGURE 1
 Characteristics distribution of three latent profiles of loneliness among elderly people in the community. Item 1: Lack of companionship. Item 2: Lack of assistance. Item 3: Willing to make friends. Item 4: Feeling neglected. Item 5: Feeling distant from others. Item 6: When there is an emotional need, one can find someone to accompany them. Item 7: Rarely do I feel sad when not communicating with others. Item 8: There are people around, but no one cares.




3.5 A univariate analysis of latent profiles on loneliness among elderly people in the community

There were significant differences in gender, marital status, family per capita monthly income, living style, chronic disease status, drinking history, interests and exercise frequency among different potential categories of elderly people in the community (p < 0.05) (see Table 2 for details).


TABLE 2 A univariate analysis of latent profiles on loneliness among elderly people in the community [N = 658, case (percent, %)].


	Variable
	Group
	Class 1 (n = 358)
	Class 2 (n = 160)
	Class 3 (n = 140)
	
χ2
	
P


 

 	Gender 	Man 	157(43.9) 	48(30.0) 	42(30.0) 	13.363 	0.001


 	Woman 	201(56.1) 	112(70.0) 	98(70.0)


 	Age (years) 	60 ~ 69 	143(39.9) 	60(37.5) 	57(40.7) 	3.936 	0.415


 	70 ~ 79 	182(50.8) 	87(54.4) 	64(45.7)


 	≥80 	33(9.3) 	13(8.1) 	19(13.6)


 	Marital status 	Married 	312(87.2) 	133(83.1) 	89(63.6) 	37.124 	<0.001


 	Widowed 	46(12.8) 	27(16.9) 	51(36.4)


 	Income 	<2000 	34(9.5) 	17(10.6) 	7(5.0) 	14.746 	0.005


 	2000 ~ 4,000 	195(54.5) 	77(48.1) 	97(69.3)


 	>4,000 	129(36.0) 	66(41.3) 	36(25.7)


 	Residential mode 	Living alone 	16(4.5) 	12(7.5) 	29(20.7) 	33.929 	<0.001


 	Non living alone 	342(95.5) 	148(92.5) 	111(79.3)


 	Education 	Primary and below 	40(11.2) 	23(14.4) 	21(15.0) 	4.747 	0.577


 	Middle school 	115(32.1) 	45(28.1) 	48(34.3)


 	High school 	84(23.5) 	42(26.2) 	35(25.0)


 	College and above 	119(33.2) 	50(31.3) 	36(25.7)


 	Chronic disease status 	None 	136(38.0) 	44(27.4) 	58(41.4) 	18.435 	0.001


 	One 	148(41.3) 	58(36.3) 	43(30.7)


 	Two or more 	74(20.7) 	58(36.3) 	39(27.9)


 	Smoke 	Yes 	77(21.5) 	38(23.8) 	28(20.0) 	0.640 	0.726


 	No 	281(78.5) 	122(76.2) 	112(80.0)


 	Alcohol 	Yes 	115(32.1) 	47(29.4) 	34(24.3) 	89.409 	<0.001


 	No 	243(67.9) 	113(70.6) 	106(75.7)


 	Interests 	Yes 	220(61.5) 	85(53.1) 	69(49.3) 	7.262 	0.026


 	None 	138(38.5) 	75(46.9) 	71(50.7)


 	Exercise 	Almost never 	53(14.8) 	30(18.8) 	35(25.0) 	10.608 	0.031


 	Occasionally 	264(73.7) 	112(70.0) 	83(59.3)


 	Often 	41(11.5) 	18(11.2) 	22(15.7)




 



3.6 Comparison of differences in cognitive function among elderly people in communities with different latent profiles of loneliness

The scores and total scores of various dimensions of cognitive function for elderly people in communities with different latent profiles of loneliness are shown in Table 3. Multiple comparisons of cognitive function scores were conducted, and the analysis results showed that there was a statistically significant difference (p < 0.05) in the total score of the Montreal Cognitive Assessment Scale among the three categories; There were statistically significant differences (p < 0.05) in the scores of naming, language, abstraction, and delayed recall dimensions among different categories.


TABLE 3 Comparison of differences in cognitive function among elderly people in communities with different latent profiles of loneliness (Score, 

x
¯

 ± s).


	Class
	Visuospatial
	Naming
	Attention
	Language
	Abstraction
	Memory
	Orientation
	Total

 

 	C1 (n = 358) 	3.29 ± 1.12 	2.96 ± 0.23 	5.78 ± 0.50 	2.79 ± 0.44 	1.08 ± 0.65 	3.60 ± 1.25 	5.92 ± 0.35 	25.42 ± 2.33


 	C2 (n = 160) 	3.11 ± 1.21 	2.96 ± 0.19 	5.74 ± 0.59 	2.72 ± 0.46 	0.95 ± 0.57 	3.26 ± 1.23 	5.87 ± 0.43 	24.61 ± 2.64


 	C3 (n = 140) 	3.09 ± 1.22 	2.88 ± 0.37 	5.69 ± 0.65 	2.68 ± 0.48 	0.89 ± 0.62 	3.21 ± 1.27 	5.88 ± 0.41 	24.31 ± 2.66


 	F 	2.159 	5.498 	1.266 	3.345 	5.844 	7.123 	1.188 	12.334


 	P 	0.116 	0.004 	0.283 	0.036 	0.003 	0.001 	0.306 	<0.001




 



3.7 Multivariate logistic regression analysis of latent profiles of loneliness among elderly people in the community

Logistic regression analysis was conducted with the potential category of loneliness among elderly people in the community as the dependent variable and the indicators with statistically significant differences in the univariate analysis as the independent variables. Logistic regression analysis showed that gender, chronic disease status, marital status, living style, presence of cognitive impairment, and depression status were potential influencing factors for loneliness among elderly people in the community (p < 0.05), as shown in Table 4.


TABLE 4 Multivariate logistic regression analysis of latent profiles of loneliness among elderly people in the community (N = 658).


	Variable
	
β

	
SE

	Wald χ2
	
P

	OR
	95%CI

 

 	C2 vs. C1*


 	Intercept 	−1.86 	0.297 	39.336 	 	 	


 	Gender (woman) 	0.859 	0.283 	9.196 	0.002 	2.360 	1.355 ~ 4.110


 	Chronic disease status (two or more) 	0.633 	0.267 	5.628 	0.018 	1.884 	1.116 ~ 3.180


 	Depression 	0.228 	0.055 	17.416 	0.001 	1.256 	1.129 ~ 1.399


 	C3 vs. C1*


 	Intercept 	−2.69 	0.347 	60.158 	 	 	


 	Marital (widowed) 	0.818 	0.343 	5.697 	0.017 	2.266 	1.158 ~ 4.437


 	Residential mode (living alone) 	0.912 	0.453 	4.048 	0.044 	2.49 	1.024 ~ 6.055


 	Cognitive impairment 	0.527 	0.253 	4.348 	0.037 	1.693 	1.032 ~ 2.778


 	Depression 	0.336 	0.057 	35.165 	0.001 	1.399 	1.252 ~ 1.563





C1* is a reference category.
 




4 Discussion


4.1 Heterogeneity of loneliness among elderly people in the community

From the standpoint of the “Life Course-Social Ecological Perspective,” the issue of loneliness among the elderly is investigated. This phenomenon is considered to be multi-faceted, as it is not only a psychological and emotional problem at the individual level, but also an unavoidable social problem (Cacioppo and Cacioppo, 2018).

As the findings indicate, the overall score of loneliness among elderly people in the community in this study is at a medium to low level, but there are still many elderly people in the community who have limited emotional communication with others and lack social activities. It is necessary to pay attention to the psychological status of elderly people in the community. This study adopts a latent profile analysis method to classify the loneliness of elderly people in the community. The results show that there are obvious classification characteristics of loneliness symptoms, which can be divided into three latent profiles: low loneliness type, social loneliness type, and emotional loneliness type. The fitting of various model indicators is good and in line with practical significance, indicating differences in loneliness among potential profiles, reflecting the heterogeneity of loneliness among elderly people in the community. This finding aligns with the core tenet of life course theory, which posits that variations in social relationships and accumulated resources experienced by individuals across different life stages contribute to a structural categorization of loneliness in later life (Elder, 1998). Farmer et al. (2022) found in their exploration of the current situation of social loneliness and medicine use among the elderly that social loneliness can be divided into five potential categories. Among them, the socially active group had the lowest drug use rate, while the group with less social activity and emotional loneliness had the highest medicine use rate. A longitudinal study on the analysis of loneliness transition found that groups with emotional loneliness are more likely to transition to the high loneliness group (Hammond et al., 2022), which may be due to the loneliness caused by insufficient emotional communication with others in the elderly, making it more difficult to fill in from social activities.

In this study, it was found that community elderly people in the emotional loneliness group scored higher in item 1 “Lack of companionship from others” and item 8 “Having someone by my side, but no one cares about me.” This group of people may have less emotional communication with family or friends, and the resulting loneliness not only increases the incidence of mental illnesses such as anxiety and depression (Wang et al., 2020). Therefore, appropriate emotional support and psychological counseling should be provided for this group of people. The social loneliness group scored higher in item 5 “I feel distant from others,” which may be related to the sense of gap after age and social role changes. Previous studies have found that for this group, more active community activities should be carried out to meet the respect and self realization of the elderly, and enrich their later life in the community (Hoang et al., 2022; Paquet et al., 2023). Using latent profile analysis to identify potential subtypes of loneliness among elderly people in the community, understanding the characteristics of loneliness among different groups, can help to carry out targeted health management and psychological counseling.



4.2 Factors influencing the latent profile of loneliness among elderly people in the community

Social-ecological systems theory posits that each individual is perpetually situated within a series of nested and interacting systems, and that the superimposition of micro-systems (e.g., at the family level), meso-systems (e.g., participation in community activities), and exosystems (e.g., culture) engenders varied forms of loneliness in older adults, owing to the differential levels of environmental support available to them as they confront the loss of their relationships (Vaezghasemi et al., 2023).

This study found that there were statistically significant differences (p < 0.05) in six variables, including gender, marital status, educational level, and interests, among elderly people in communities with different types of loneliness. These correspond to the micro, meso, and exosystems mentioned in the social-ecological system, which are key influences on the generation of heterogeneity. Compared with the low loneliness group, women and elderly people living in communities with multiple chronic diseases are more likely to belong to the social loneliness group. This may be due to the fact that men’s social networks may be more complex and their ability to handle negative emotions may be stronger (Moshtagh et al., 2022). In contrast, women who experience events such as the loss of a spouse or retirement during the aging process may undergo a more pronounced sense of disengagement from their familial roles, leading them to rely on kinship ties, such as spouses or children, to establish their social networks (Lu et al., 2023). The elderly with less social activity or lower frequency of social contact with others may experience negative emotions such as loneliness, but lower social support can affect their cognitive function. Meanwhile, low social support among the elderly can indirectly have adverse effects on individual cognitive function by affecting depressive emotions (Pais et al., 2021). Elderly people with multiple chronic diseases, such as joint pain, respiratory difficulties, etc., may limit physical mobility, which directly hinders offline social participation; and most of the elderly people will be difficult to take care of themselves due to the negative emotions of anxiety, reduce the frequency of interaction with the outside world, and at the same time, may be due to the stigmatization of the disease triggered by social anxiety (de la Torre-Luque et al., 2019), and indirectly caused by a lack of physical activity, which can cause physical and psychological double blow to the elderly people (Kandola et al., 2023).

Compared with the low loneliness group, community elderly people with marital status of no spouse, living alone, cognitive impairment, and high depression scores are more likely to belong to the emotional loneliness group. Research has found that different family structures have an impact on the level of loneliness (Losada-Baltar et al., 2021). Elderly people in widowed communities are more likely to live alone and receive less support and emotional feedback from within their families. The social support level of elderly people living alone is significantly lower than that of non-living alone elderly people, and their sense of loneliness is relatively high, which can easily associated with negative emotions such as depression (Widhowati et al., 2020). Therefore, community healthcare personnel identify different subtypes of loneliness among elderly people in the community through questionnaires, visits, and other forms during health checkups, in order to provide personalized health guidance.

For socially isolated elderly people, their level of social participation is relatively low. Understanding the interests and hobbies of the elderly can improve their relatively single social network, enhance their sense of belonging and social adaptability through group activities, and thus improve their quality of life and happiness (Fakoya et al., 2020). Group activities can increase positive emotions among elderly people living in nursing homes and reduce their experience of loneliness. On the other hand, for elderly people in emotionally lonely communities, not only should social support be provided, but also more attention should be paid to psychological counseling to meet their spiritual needs for love and belonging. To solve the problem of loneliness among the elderly, intervention measures should be adjusted to meet the needs of individuals and specific groups, and targeted interventions should be taken.



4.3 The relationship between the latent profile of loneliness among elderly people in the community and cognitive function

This study found that the detection rate of cognitive impairment among elderly people in the community was 31.00%, which is relatively high compared to previous research results (Bai et al., 2022; Rajan et al., 2021). This may be due to regional differences, residential patterns, and variations in the selection of evaluation tools. A cohort study found that there were statistically significant differences in the Montreal total score and dimensions scores for different levels of loneliness (Wang et al., 2022). The higher the level of loneliness, the higher the risk of mild cognitive impairment, and depression and anxiety may play a mediating role between the two. This study found that compared to elderly people in communities with low levels of loneliness, the detection rate of cognitive impairment in elderly people with social and emotional loneliness significantly increased. This result reflects a close correlation between high levels of loneliness and cognitive decline.

This study found significant differences in cognitive function and sub dimension scores among different categories, but the risk of cognitive impairment in elderly individuals with emotional loneliness was significantly higher than the other two categories (OR = 1.693). Compared to individuals with low levels of loneliness and social isolation, older adults with emotional loneliness who show less or do not receive timely feedback have a more severe impact on cognitive function. The analysis results show that emotionally lonely elderly people who are widowed or living alone have a higher proportion and often have less social participation, which may associated with negative behavior patterns and negative emotions such as depression and loneliness (Oughli and Lee, 2024). From a life course perspective, the high proportion of widowhood and loneliness in this group reflects the cumulative loss of intimacy. In a study by Oken et al. (2024) it was found that persistent loneliness activated the HPA axis triggering chronic inflammation and direct damage to the hippocampus, further demonstrating the close association between high loneliness levels and cognitive function. In this study, the higher the depression score, the more likely it was to belong to the emotional loneliness group (OR = 1.399), and depression often interacts with feelings of loneliness and cognitive impairment (Ferri et al., 2021; McHugh et al., 2020). Previous studies have found that psychological problems such as depression may associated with cognitive impairment through immune regulatory pathways (Chen et al., 2023). Therefore, community healthcare workers should pay more attention to emotionally lonely elderly people when preventing cognitive impairment in the elderly, understand their psychological status, and provide targeted health management to improve their cognitive function.




5 Conclusion and limitation

This study divides the loneliness of elderly people in the community into three types through potential profile analysis: low loneliness type, social loneliness type, and emotional loneliness type. Among them, the prevalence of cognitive impairment was higher in the emotional loneliness group. The contribution of this study is to confirm that the type of emotional loneliness is more specific than the degree of loneliness in predicting the risk of cognitive impairment in Chinese community-dwelling older adults, which suggests that community healthcare workers should pay more attention to this group of older adults, and that the community or the clinic can adopt a type-specific and precise intervention rather than a simple socialization promotion. This finding suggests that community or clinical interventions may be more appropriate for this group of older adults, and that retroactive problem solving may be more effective in improving cognitive functioning. By identifying the characteristics of elderly people, understanding their types of loneliness, and taking effective intervention measures to help alleviate their own loneliness, cognitive function can be improved, and their happiness and quality of life can be enhanced.

In addition, the cross-sectional survey method adopted in this study can be used to explore the trajectory changes of various categories of loneliness and their relationship with cognitive function through longitudinal research in the future. The main questionnaire used in this study is subjective, with less objective data and regional sampling restrictions. In the future, the sample size can be expanded and objective measurement indicators can be increased.
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Variables Total N (%) / median Survival > 28 days Exitus within 28 days P-value
(IQR) (N = 84) N (%) / median N (%) / median (IQR) univariate

(IQR) (N = 57) (N = 27) comparison

Sociodemographics and health at admission

Age (years) 92.3 92.2 92.3 0.979
(91-94) (91-94) (91-94)

Gender (ref: male) 60 (71.4%) 40 (70.2%) 20 (74.1%) 0.712

Body mass index (kg/mz) 22.9 22.9 22.0 0.554
(21.3-25.0) (21.5-25.0) (21.2-24.2)

Living situation before admission 0.004

Athome 55 (65.5%) 44 (77.2%) 11 (40.7%)

Nursing home 8 (9.4%) 4 (7.0%) 4 (14.8%)

Assisted living facility 21 (24.7%) 9 (15.8%) 12 (44.4%)

Limitation of therapy 16 (19%) 4 (25%) 12 (75%) <0.001

(ref: none)

Charlson Comorbidity Index 2(1-3) 2(1-3) 2(1-3) 0.176

Preexisting medical condition

Cardiac disease (ref: no) 42 (50%) 24 (42.1%) 18 (66.7%) 0.035
Hypertension (ref: no) 56 (66.7%) 38 (66.7%) 18 (66.7%) 1.000
Arterial obstructive disease (ref: 15 (17.9%) 9 (15.8%) 6(22.2%) 0.472
no)

Diabetes mellitus (ref: no) 8(9.5%) 6 (10.5%) 2 (7.4%) 1.000
Oncological disease (ref: no) 31 (36.9%) 20 (35.1%) 11 (40.7%) 0.616
Nephrological disease 16 (19.1%) 8 (14.0%) 8 (29.6%) 0.089
(ref: no)

Dementia (ref: no) 15 (17.9%) 9 (15.8%) 6 (22.2%) 0472

Surgical intervention

Planned ICU admission (ref: no) 36 (42.4%) 28 (49.1%) 8(29.6%) 0.092

Duration of surgery (min) 106 105 110 0.7663
(68-175) (64-165) (75-176)

Secondary surgery (ref: no) 17 (20.2%) 14 (24.6%) 3(11.1%) 0.123

Postoperative bleeding 2 (2.4%) 2 (3.5%) 0 (0.0%) 1.000

(ref: no)

Basic postoperative parameters in ICU

Need for postoperative 40 (47.1%) 22 (38.6%) 18 (66.7%) 0.016
catecholamines (ref: no)

Need for postoperative ventilation 26 (30.6%) 13 (22.8%) 13 (48.1%) 0.019
(ref: no)

Enteral nutrition (ref: no) 76 (89.4%) 55 (96.5%) 21 (77.8%) 0.006
Length of stay in ICU (days) 2(1-3) 2(1-3) 2 (1-6) 0.446

Length of stay in hospital (days) 13 (8-19) 14 (9-19) 11 (6-19) 0.083
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Daily scores and clinical characteristics

SAPS I (score) 36 (29-50) 32 (28-41) 49 (38-60) 0.001

SOFA (score) 3(1-7) 1(0-4) 5(3-9) 0.0003

Urine production (ml/24 h) 425 532 260 0.003

(180-790) (340-870) (0-500)

Arterial laboratory values

pO; (mmHg) 80-100 93.1 (77-124) 922 (76.1-119) 106 (82-143) 0.126

pCO; (mmHg) 35-45 40.4 (31.7-43.9) 41.4 (36.6-44.6) 38.5(31.7-43.9) 0.148

pH 7.38-7.44 7.36 (7.33-7.41) 7.38 (7.33-7.41) 7.33(7.27-7.38) 0.020

Bicarbonate (mmol/l) 21-28 22.4 (20.4-24.4) 23.3 (21.6-24.9) 20.6 (17.6-22.3) 0.0001

Base excess (mmol/l) —4to+2 —2.7(-531t00) —1.4(—3.55t0 —4.7 (—8.1to —2.7) 0.0002

~0.55)

Lactate (mmol/l) 0.6-1.7 1(0.8-1.6) 0.9 (0.65-1.2) 1.8(1.1-2.4) 0.0001

Venous laboratory values

Hemoglobin (g/dl) 12.0-17.5 11.0 (9.8-12.3) 10.9 (9.9-12.5) 11.1(9.5-11.9) 0.885

Leukocyte count (x 10%/1) 4.5-11.0 11.2(7.8-14.2) 11.9 (8.4-16.3) 11.9 (8.4-16.3) 0321

Thrombocyte count (x 109/1) 150-350 239 (189-281) 240 (190-281.5) 238 (179-278) 0.573

Creatinine (mg/dl) £1:5 0.9 0.8 1.5 0.002

(0.7-1.5) (0.66-1.1) (0.8-1.7)

Bilirubin (mg/dl) 0.3-1.0 0.7 (0.5-1) 0.7 (0.4-0.9) 0.7 (0.6-1.1) 0.248

Aspartate transaminase (AST) 0-35 29 (20-72) 23 (17-46) 53 (24-129) 0.027

un

Alanine transaminase (ALT) (U/1) 0-35 17 (11-31) 16 (10-30) 18 (13-34) 0.323

Gamma-glutamyl transferase 1-94 52 (29-126) 45 (25-60) 60 (41-132) 0.161

(GGT) (UN)

Lactate dehydrogenase (LDH) 100-190 241 (206-319) 219 (196-251) 274 (241-406) 0.110

un

C-reactive protein (CRP) (mg/l) 0.08-3.10 53 (12-96) 46 (9-90) 57 (29-98) 0.228

International normalized ratio 0.8-1.1 1.1 (1.0-1.2) 1.1 (1.0-1.2) 1.2(1.1-1.3) 0.003

(INR)
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Non-survival after 28 days

Odds-ratio

Sociodemographics, health, and medical conditions

95% confidence interval

Living situation before admission (ref:

at home)

Assisted living facility 1.82 0.41 80.37 0.31

Nursing home 1.36 0.11 16.40 0.25

Limitation of therapy 166.17 3.87 7136.86 0.008
Preexisting cardiac disease 29.85 1.16 768.01 0.040
Clinical characteristics at admission

Need for postoperative catecholamines 1.23 0.03 36.56 0.904
Need for postoperative ventilation 0.21 0.00 3545 0.550
Enteral nutrition 0.14 0.00 4.40 0.268
SAPS I (score) 1.14 1.02 1.28 0.030
SOFA (score) 0.66 0.27 1.62 0.366
Urine (ml/24 h) 0.99 0.99 1.00 0.167
Arterial laboratory values at admission

pH 382803.5 0.00 2.07 x 10! 0.181
Lactate (mmol/l) 2.07 0.59 7.34 0.258
Base excess (mmol/l) 0.99 0.76 127 0919
Venous laboratory values at admission

Creatinine (mg/dl) 14.52 1.68 125.69 0.015
International normalized ratio (INR) 170.13 0.39 74127.7 0.098

Model estimator

Number of observations = 73
Likelihood ratio = 54.42
Prob > chi2 = 0.0000
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Subgroup TyG index P for interaction

Q3

Age 0.436
<65 years Ref 0.84(0.6~ 1.17) 112081 ~ 1.54) 121(0.87 ~ 1.67)

265 years Ref 1.18(0.78 ~ 1.79) 139092 ~2.12) 19(1.23 ~ 293)

Gender 0350
Female Ref 12082~ 1.76) 1.16(0.78 ~ 1.72) 145(0.97 ~ 2.18)

Male Ref 0.85(0.59 ~ 1.21) 127091 ~ 1.79) 144(1.03 ~ 2.03)

BMI

<24kg/m’® Ref 11(0.78 ~ 1.54) 1.26(0.87 ~ 1.82) 1.78(1.21 ~ 26) 0.576
>24 kg/m’ Ref 0.83(0.55 ~ 1.25) 1.13(0.78 ~ 1.64) 1.17(0.81 ~ 1.69)

The TyG index, was categorized into four quartiles: Q1 (<8.29 mg/dL), Q2 (8.29-8.68 mg/dL), Q3 (8.68-9.14 mg/dL), and Q4 (29.14 mg/dL). Ref: reference. BMI, body mass index (<24 kg/
e, >24 kg/m?).
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e _
Lack of national
framework

'"M"d::; :;;m'e@m Establish a national framework guiding BGA implementation

Align BGA with existing screening tools

Specify recommended BGA domains and tools

Resource the eldercare ecosystem to adequately support
BGA care pathways

Poor data:sharing &
communications
infrastructure

« Develop the evidence base on the validity and beneficial
outcomes of using BGAs

+ Provide training to support accurate administration

« Provide appropriate financial compensation & incentives

Patient-related

Low interestin
screening

+ Faciltate ease of access for older adults

+ Clear communication to patient & next-of-kin on expected benefits
& required commitment

+ Design appropriate & unintrusive questions

+ BGA duration should be minimal

Perceived barriers to BGA
implementation
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IDENTIFY

> SCREEN

‘Community-dwelling older
adults who are:

1) Showing or reporting
geriatric syndromes

oR
2) Mild or moderately frail

A 15mins Brief Geriatric
Assessmentis used by healthcare
professionals/ trained laypersons
1o screen for unmet needs:

Physical
Psychological

Functional

Mobility/Balance

In-depth assessment of BGA
domains

Socioeconomic
Environmental

Design of personalised care
plan

Regular follow-ups:
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Intrinsic Capacity

Trajectory group OR (95%Cl) P value

Group2 1.00 (Reference ) Reference
Groupt —=—— 164(126,212)  <0.001
Group3 100(082,121) 0975
Groupd - 081(068,096) 0017
Sensory Capacity
Trajectory group OR(95%Cl)  Pvalue
Group2 1.00 (Reference) ~Reference
Groupt 088(068-113) 0312
Group3 100(083-120) 0994
Groupd 118(100-138)  0.051
Cognitive Capacity
Trajectory group OR(95%Cl)  Pvalue
Group2 1.00 (Reference ) Reference
Groupt 077(060-0.99)  0.041
Group3 —=— 128(1.09-151) 0003
Groupd —m—  125(108-144)  0.002

Locomotion
Trajectory group OR (95%Cl)
Group2 1.00 (Reference )
Groupt —— 0.75(049-1.14)
Group3 —=——— 095(068-1.33)
Group4 —— 0.74(055-0.99)

Vitality
Trajectory group OR (95%Cl)
Group2 1.00 ( Reference )
Groupt —®——— 1.07(083-1.39)
Group3 —_— 092(0.78-1.10)
Groupd — 1.06(0.91-1.23)

Psychological Capacity
Trajectory group OR (95%Cl)
Group2 1.00 ( Reference )
Group1 -— | 0.52(0.41-067)
Group3 = 0.84(0.71-099)
Groupd |>—-—< 127 (1.09-1.49)

P value
Reference
0477
076
0.045

P value
Reference
0583
0376
0.467

P value
Reference
<0.001
0.048
0.003
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Characteristics Community-based Others

older adult care

Gender Female a2 102 1059 0304
Male 27 88

Household registration Urban 52 128 1526 0217
Rural 17 62

Marital status Unmarried 4 14 4823 0.178
Married 37 89
Divorced 4 3
Widowed A 84

Living condition Living alone 18 43 10624 0.031%
With spouse 31 7
With descendants 6 50
With spouse and descendants 8 1
Other situations 6 15

Medical insurance for urban employees Yes 50 103 6976 0,008+
No 19 87

Medical insurance for urban and rural residents  Yes 14 56 2165 0.141
No 55 134

Alimony given by offspring Yes 31 67 2010 0.156
No 38 123

A regular pension Yes 59 138 4609 0.032%
No 10 52

Education level Uneducated 5 35 5137.000 0.006%
Primary school 19 67
Junior high school 17 2
Senior high school 1 39
Junior college or higher 17 2

Number of offspring 0 6 19 5628.500 0.067
1 17 31
2 ] 65
23 17 75

Self-perceived health condition Very bad 4 7 6340500 0676
Bad 18 45
Normal 18 61
Good u 58
Very good 5 19

Self-care ability Completely 55 148 5921500 0.157
Partially 13 2
Unable 1 14

Life satisfaction Very satisfied 20 57 6228500 0.505
Relatively satisfied 39 91
Normal 9 31
Relatively dissatisfied 0 10
Very dissatisfied 1 1

Degree of understanding Very clear 4 8 4974.000 0.002%
Relatively clear 2 40
Heard a litle 2 53
Never heard 18 89

Monthly disposable amount (yuan) <1,000 5 37 6463500 0858
1,001-3,000 21 40
3,001-5,000 30 61
25,000 13 52

The amount willing to pay (yuan) <1,000 n 61 6191500 0472
1,001-3,000 39 61
3,001-5,000 15 59
25,000 4 9

The asterisk denotes statistically significant differences *p < 0.05; **p < 0.01; ***p < 0.001.





OPS/images/fpubh-13-1520735/fpubh-13-1520735-t004.jpg
<65 years >65 years

Location OR (95%Cl) p value OR (95%Cl) p value P for interaction
Head 1.24(103-1.49) 0.02 1.28(1.04-1.58) 002 0.767
Shoulder 125 (1.04-151) 0.02 100 0.81-1.24) 100 0.097
Am 127 (1.04-1.56) 0.02 114 (0.91-1.43) 026 0.446
Wrist 125 (0.99-1.57) 0.06 1.00(0.76-1.31) 098 0304
Fingers 140 (112-1.75) 0.003 1.27(0.99-1.64) 006 0572
Chest 129(0.99-1.67) 0.06 120 (0.90-1.61) 020 0.807
Stomach 132 (1.06-1.64) 0.01 111 (0.86-1.44) 043 0385
Back 123 (1.00-1.51) 005 089 (0.70-1.13) 033 0024
Waist 1.02(0.86-1.21) 078 0.94(0.78-1.13) 051 0714
Buttocks 112 (0.85-1.48) 0.42 0,89 (0.65-1.21) 045 0325
Leg 108 (0.89-1.30) 0.44 1.21(0.99-1.48) 0.06 0327
Knees 1.14(0.95-137) 017 117 (0.96-1.43) o1 0781
Ankle 0.97(0.75-125) 081 118 (0.91-1.54) 020 0307
Toes 130 (0.97-1.76) 0.08 097 (0.71-133) 085 0122
Neck 107 (0.86-1.34) 055 082 (0.63-1.07) 014 009

Results are based on multivariate logistic regression models, adjusted for gender, BMI, education, marital status, hypertension, smoking, alcohol use, and lipid profiles (TC, TG, HDL and
LDL). Non-diabetic participants served as the reference group for the analysis.
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ocation OR (95%Cl) p value

Head 111 (0.88-1.40) 0.36
Shoulder 115 (0.91-1.44) 0.23
Arm 123(0.97-157) 0.09
Wrist 109 (0.81-145) 0.58
Fingers 134(1.03-1.76) 0.03
Chest 116 (0.85-1.59) 0.36
Stomach 1.08 (0.82-143) 0.59
Back 098 (0.75-1.27) 0.88
Waist 104 (0.85-1.28) 0.69
Buttocks 091 (0.64-1.28) 0.58
Leg 107 (0.86-1.33) 0.56
Knees 107 (0.86-1.34) 053
Ankle 099 (0.73-134) 0.96
Toes 1.4 (1.05-1.99) 0.03
Neck 093 (0.70-122) 0.59

Results are based on multivariate logistic regression models, adjusted for age, gender, BMI,
education, marital status, hypertension, smoking, lcohol use, and lipid profles (TC, TG,
HDL, and LDL). Non-diabetic participants served as the reference group for the analysis
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Total participants from the
2015 CHARLS (n=21,095)

Excluded: Age under 50
(n=4,770)

Participants_aged 50 or
older (n=16,325)

Excluded: Incomplete_glucose,
HbA1c, and pain data (n=5,492)

e Excluded: Missing data

== covariates (BMI, smoking,
alcohol use, hypertension,
age, gender, education,

marital _status, _residence,

Participants_with full HOL, LDL, TC, TG) (n=356)

covariate data (n=10477)

Excluded: Participants with
cancers and memory-related
iseases(n=162)

Total participants included
inthe analysis (n=10,315)
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Variables

Age, years, Median (IQR)
Age, group class, n (%)
<65

265

Gender, n (%)

Female

Male

Education, n (%)

Tliterate

Primary

Middle school

High school+

Marital, n (%)

Married

Single

Residence, n (%)

Rural

Urban

BMI, group class, n (%)
<185

185-239

20279

228

Smoking, n (%)
Non-smoker

Ex-smoker

Smoker

Alcohol use, n (%)

YES

NO

Hypertension, n (%)

YES

NO

HDL (mg/dl), Median (IQR)
LDL (mg/dl), Median (IQR)
TC (mg/dl), Median (IQR)
TG (mg/dl), Median (IQR)

BMI, body mass index; HDIL, High-Density Lipoprotein; LDL, Low-Density Lipoproteins TC, Total cholesterol; TG, Triglycerides. Continuous variables, including age, HDL, LDL, TC, and TG,

were determined to be non-normally d

Total (n = 10,315) Non-diabetic group Diabetic group

(n = 1983)

(n = 8,332)

62,00 (56.00, 68.00) 62,00 (55.00, 68.00) 63.00 (5800, 70.00)
6,313 (61.2%) 5217 (62.6%) 1,096 (55.3%)
4,002 (38.8%) 3,115 (37.4%) 887 (44.7%)
5,367 (52.0%) 4,274 (51.3%) 1,093 (55.19%)
4,948 (48.0%) 4,058 (48.7%) 890 (44.9%)

809 (7.8%) 658 (7.9%) 151 (7.6%)
1,027 (10.0%) 832(10.0%) 195 (9.8%)

398 (3.9%) 322 (3.9%) 76 (3.8%)
8,081 (78.3%) 6,520 (78.3%) 1,561 (78.7%)
8,812 (85.4%) 7,142 (85.7%) 1,670 (84.2%)
1,503 (14.6%) 1,190 (14.3%) 313 (15.8%)
8,635 (83.7%) 7,090 (85.1%) 1,545 (77.9%)
1,680 (16.3%) 1,242 (14.9%) 438 (22.1%)

622 (6.0%) 548 (6.6%) 74 (3.7%)
5,005 (48.5%) 4,320 (51.8%) 685 (34.5%)
3,382 (32.8%) 2,579 (31.0%) 803 (40.5%)
1,306 (12.7%) 885 (10.6%) 421 (21.2%)

5,687 (55.1%) 4,566 (54.8%) 1,121 (56.5%)

1,429 (13.9%) 1,109 (13.3%) 320 (16.1%)
3,199 (31.0%) 2,657 (31.9%) 542 (27.3%)
2,713 (26.3%) 2,265 (27.2%) 448 (22.6%)
7,602 (73.7%) 6,067 (72.8%) 1,535 (77.4%)
4,842 (46.9%) 3,595 (43.1%) 1,247 (62.9%)

5,473 (53.1%) 4,737 (56.9%) 736 (37.1%)

49.81(43.24,57.53) 50.58 (43.63, 58.30) 47.10 (4093, 54.05)

101.54 (83.01, 120.08) 10116 (83.01, 119.69) 103.86 (83.40, 123.55)

18224 (160.23, 206.56) 18147 (159.46, 205.02) 18687 (162.16,213.13)

115.93 (83.19, 169.91) 11062 (80.53, 161.06) 14336 (99.12,211.50)

ributed and were analyzed using the Mann-Whitney U test, whereas categorical variables were analyzed using the chi-square test

<0001

<0.001

<0.001

09

0.055

<0.001

<0.001

<0.001

<0001

<0.001

<0.001

0.007

<0.001

<0.001
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Model 1 Model 2 Model 3

Location OR (95%CI) p value OR (95%Cl) p value OR (95%Cl) p value
Head 128 (1.12-1.46) <0.001 125 (1.10-1.43) <0001 126 (1.10-1.45) <0.001
Shoulder 117 (1.02-134) 002 113 (0.99-1.30) 0.07 114 (0.99-1.32) 0.06
Am 1.24(1.07-143) 0.003 12(1.04-1.39) 001 121 (1.04-1.41) 001
Wrist 114(0.96-1.35) 012 111 (0.94-1.32) 022 113 (0.95-1.35) 0.17
Fingers 138 (1.18-1.62) <0.001 133 (1.14-157) <0.001 134 (1.14-1.59) <0.001
Chest 133 (1.10-1.60) 0.003 1.28(1.07-1.55) 0.009 125 (1.03-1.52) 002
Stomach 121 (1.03-1.41) 0.02 119 (1.01-1.39) 0.03 124(1.05-147) 001
Back 109 (0.94-1.27) 0.25 1.05(0.90-1.22) 054 1,06 (091-1.24) 0.45
Waist 1.01(0.90-1.14) 083 0.98(0.87-1.11) 075 100 (0.88-1.13) 094
Buttocks 105 (0.86-1.28) 0.62 101 (0.82-1.23) 095 1.01(0.82-1.25) 092
Leg 122 (1.08-139) 0.002 118 (1.04-1.34) 0.01 1.14 (1.00-1.30) 0.06
Knees 122(1.07-138) 0.003 117 (1.03-1.33) 0.02 116 (1.02-1.33) 0.03
Ankle 115(0.97-137) o 111(093-1.32) 027 107 (0.89-1.28) 049
Toes 1.2(0.97-1.48) 0.09 112(0.90-1.38) 031 1.11(0.90-1.39) 033
Neck 1.01(0.86-1.19) 091 0.98 (0.83-1.15) 079 0.96 (0.81-1.14) 0.65

Data were analyzed using univariate and multivariate logistic regression, with results expressed as odds ratos (OR) with 95% confidence intervals (C) and p values. Non-diabetic participants
served as the reference group for the analysis. Model 1: Unadjusted. Model 2: Adjusted for age and gender. Model 3: Adjusted for age, gender, BMI, education, marital status, hypertension,
smoking, alcohol use, and lipid profiles (TC, TG, HDL, and LDL).
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Male Female

Location OR (95%Cl) p value OR (95%Cl) p value P for interaction
Head 133 (105-1.69) 0.02 1.24(1.05-1.47) 001 0632
Shoulder 113 (089-1.45) 032 115 (0.97-1.36) 012 0794
Am 102(0.78-133) 0.89 134 (111-161) 0.002 0079
Wrist 1.04(0.75-1.45) 08 120 0.97-1.48) 009 0291
Fingers 1.06(0.75-1.49) 0.75 150 (1.23-1.82) <0.001 0051
Chest 115 (0.82-1.62) 041 132(1.05-1.67) 002 0273
Stomach 125 (0.94-1.67) 0.13 125 (1.02-1.53) 003 0998
Back 0.85(0.62-1.15) 03 117 (0.97-1.41) 01 0029
Waist 0.84(0.67-1.05) 012 109 (0.93-1.27) 03 0021
Buttocks 0.94(0.63-140) 0.75 1.05 (0.82-1.34) 072 0382
Leg 0.98 (0.77-1.25) 0.88 1.24(1.05-1.46) 001 0047
Knees 107 (0.84-1.35) 0.59 121(1.03-143) 002 0216
Ankle 0.85 (0.60-121) 0.37 119(0.96-1.47) 012 0074
Toes 0.54(032-091) 0.02 140 (1.09-1.79) 0.008 0001
Neck 0.85(061-1.17) 031 1.02(0.83-1.25) 084 0332

Results are based on multivariate logistic regression models, adjusted for age, BMI, education, marital status, hypertension, smoking, alcohol use; and lipid profils (TC, TG, HDL, and LDL).
Non-diabetic participants served as the reference group for the analysis.
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ostic criteria

General health assessment
focusing on functional capacity,
‘mobility, and disability in
elderly populations

EWGSOP criteria with Filipino
normative values for muscle
mass, grip strength, and gait

speed

EWGSOP definition using
Filipino-specific cutoffs for
BMI, WC, muscle mass, grip
strength, and physical

performance

EWGSOP and AWGS criteria
with multiple normative
references for diverse Filipino

populations

Type of study

Longitudinal study

Cross-sectional study

Cross-sectional study

Scoping review

Populatio

Older Fi

nos, unspecified age
range, focusing on aging

demographics

Healthy Filipino adults aged
20-40, servingasa normative

baseline population

Filipinos aged over 40 years,
sampled at an outpatient
department of a general

hospital

Older Fillipinos aged 60 and
above, encompassing both
hospital and community

settings

Outcomes

Higher prevalence of inactivity
and functional disability among
elderly Filipinos; implications
for public health policies
Establishment of reference
values for muscle mass,
strength, and gait speed tailored

o the Filipino population

Findings indicate no significant
association between obesity and
sarcopenia; age, smoking,
alcohol consumption, and
lower WC identified as
significant predictors

Mapping of prevalence, risk
factors, and health impacts of
sarcopenia among hospitalized

older adults in the Philippines

EWGSOP, European working group on sarcopenia in older people; AWGS, Asian working group for sarcopenia; BMI, Body mass index; WC, Waist circumference.
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Data were presented as median (Q1 — Q3) or n (%). *Categorical variables analyss by the Chi-Squared Test or Fisher’ exact test and continuous variables analysis by the Mann-Whitney U
Test. +We used the Taiwan Triage and Acuity Scale for the ED triage, which was modified from the Canadian Emergency Department Triage and Acuity Scale. ED, emergency department;
TCN, transitional care nurse; LOS, length of stay.
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Predictors of use  Estimate SE  z-value Pr(>|z])

of LTC services

Frequency in the use of 2011 0316 6362 0000%+*
outpatient services

Dissatisfaction with the use SL138 0356 -3198  0000%**
of outpatient services

Dissatisfaction with -Lus 0652 1713 0.087%

outpatient services

Frequency in the use of —2346 0581 4035 0.000%%
public home care services
Dissatisfaction with public 3320 0.437 7.596 0.000%**

home care services

Frequency in the use of 348 1108 2841 0005+
private
Satisfaction with the use of 3943 0782 5041 00007

private services
Dissatisfaction with the use 1512 0486 3115 00004+
of private services

Here, “Coeficients” refers to the covariates; “Estimate” refers o the estimated best final
predictors; “SE” stands for Standard Error; “z-value” denotes the test statstic obtained for
each predictor (the ratio between “Estimate” and “SE"); and *Pr(>[z))” refes to the
associated p-value according 0.2 two-sided hypothesis testing (where the nullstands for
non-significance). The significance levels are: () significance at 10%; (**) significance at 5%
and (++%) significance at 1%.
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Frequency (n = 190;

Aspects

1. Providing home care instructions to a foreign caregiver 73 384

2. Providing care instructions to a family member of an older adult living in a long-term care facility 50 263

3. Long-term care referral 57 300

4. Social worker referralt 6 32
4 21

5. Home healtheare referral
ED, emergency department; TCN, transitional care nurse. *One patient might have multiple aspects. fReferring individuals to: social worker for assistance with a variety ofissues such as

financial, emotional, or social support.
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Shanghai

Management us Medical security bureau

Incorporated into the financial account of the
Fund management Social Security Fund for unified management
and earmarked funds

Operational model ~ Sub-district hosts

Chengdi

Medical security bureau

Incorporated into the financial account of the social
security fund, with the implementation of two-line
management, the establishment of detailed accounts
for separate accounting, and earmarked for specific
purposes

Exclusive contractor

Qingdao

Medical security bureau

“Two lines of income and two lines of
expenditure, integrated into the

‘management of financial accounts and

carmarked for specific purposes

Exclusive contractor
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Predictors Estimate  SE alue  Pr(>[z[)

Frequency in the use of 3943 0782 5041 0,000+
private home care

Private home care 1148 0408 2814 0.000%*
satisfaction

te home care 1512 0.486 3115 0.000%*

dissatisfaction

Frequency in the use of 3.346 0.581 5755 0.000%*
public home care (ADI)
Public home care 1.867 0592 315 | 00007

satisfaction

Public home care -3320 0437 =759 0.000%%*

dissatisfaction

Frequency in the use of 2011 0316 6362 0.000%
public outpatient services
Public outpatient services | ~1138 | 0356 3198 0.000%%*

satisfaction

Public outpatient services | —~L11§ 0652 -1713 0.044%
dissatisfaction

Here, “Coefficients” efers o the covariates; “Estimate” refers o the estimated best final
predictors; “SE” stands for Standard Error; “z-value” denotes the test statistic obtained for
each predictor (the ratio between “Estimate” and *SE"); and “Pr(>|z)” refers o the
associated p-value according to a two-sided hypothesis testing (where the null stands for
non-significance). The significance levelsare: (*) significance at 10%; (**) significance at
5% and (++*) significance at 1%,
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Predictors Estimate

Private services

Totally unsatisfied

Almost unsatisfied 17.85
Satisfied 2689
Very satisfied 3778
Totally satisfied 3.29
Public services

Totally unsatisfied 17.022
Almost unsatisfied 17.795
Satisfied 18509
Very satisfied 5010
Totally satisfied 4232

SE

23.90
1129
0461

0599

15651
23,033
11041
10268

10393

z-value

Omiltted due to collinearity

0.747

2382

8190

5150

1.088

0773

0017

4879

4072

Pr(>|z|)

0227
0017+
0.000%%*

0.000%%+

0138
0221
0.987

0.000%%*

0.000%%*

Note. Here, ‘Coeffcients’ refers to the covariates; Estimate’refers to the estimated best final
predictors; ‘SE'stands for Standard Error; z-value’ denotes the test statstic obtained for each
predictor (the ratio between Estimate’ and ‘SE); and Pr(>[z]) refersto the associated
p-value according to a two-sided hypothesis testing (where the null stands for non-
significance). The significance levels are: (*) significance at 10%; (+*) significance at 5% and

(++*) significance at 1%.
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Variables Modell Model 2 Model 3

OR(95% ClI) P-value OR(95% ClI) P-value OR(95% ClI) P-value
TYG (continuous) 132(117 ~ 1.50) <0001 136 (120~ 1.55) <0001 126 (110 ~ 1.45) 0.001
Group
Ql Ref Ref Ref
Q 104 (081 ~ 1.34) 0763 102079~ 1.31) 0.897 0.98 0.76 ~1.27) 0852
Q3 1.35(1.06 ~ 1.72) 0014 136 (106 ~ 1.74) 0016 122(0.95 ~ 158) 0121
Qi 157 (1.24 ~ 1.99) <0001 1.65(1.29~ 2.10) <0001 143 (110 ~ 1.85) 0.007

The TyG index, was categorized into four quartiles: Q1 (<8.29 mg/dL), Q2 (8.29-8.68 mg/dL), Q3 (8.68-9.14 mg/dL), and Q4 (29.14 mg/dL). Ref: reference. Model 1 was unadjusted, while
Model 2 included adjustments for gender, age, residence, and education level. Model 3 expanded these adjustments to incorporate smoking, alcohol consumption, hemoglobin levels, waist
circumference, and BML
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Participants from CHARLS 2011-

2015(n=21,095)

Excluded (n=9,980) :
Investigators aged under 50 years
(n=4,128) ;

TyG index data missing (n=5,852)

L1

11,115 participants included

Exclude participants with over
20% missing data(n=7,137)

3,978 participants included
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Variables 978) Frailty (n

Age 60(5466) 62(5767) 60(5365) -7.773 <0001
Gender (%) 365815 <0001
Male 1,965(49.4) 258(387) 1,707(51.6)

Female 2013(50.6) 409(61.3) 1,604(48.4)

Education (%) 38.368 <0001
Tliterate 434(109) 112(168) 322(97)

Below junior high school 2921(73.4) 484(72.6) 2437(73.6)

Above junior high school 623(15.7) 71006) 552(16.7)

Marital status (%) 1.867 0172
Married 3,599(90.5) 594(89.1) 3,005(90.8)

Unmarried/divorced/widowed 379(9.5) 73(109) 306(9.2)

Place of residence (%) 5.568 0018
Urban 1,239(31.1) 182(27.3) 1,057(31.9)

Rural 2739(68.9) 485(72.7) 2.254(68.1)

Current smoking status (%) 10,195 0001
Non-smoking 2,114(53.1) 392(58.8) 1,722(52)

Smoking 1,864(46.9) 275(41.2) 1,589(48)

Current drinking status (%) 41759 <0001
Non-drinking 2527(63.5) 497(74.5) 2,030(61.3)

Drinking 1,451(36.5) 170(25.5) 1,281(38.7)

BMI (%) 9227 0002
<2kg/m’ 1919(48.2) 286(429) 1,633(19.3)

24 kg/m'* 2059(51.8) 381(57.1) 1,678(50.7)

HDL 49.4(42.5 57.1) 48.7(41.7 56) 49.4(42.557.1) ~2436 0015
LDL 101.5(83.71208) 101.5(815121.2) 101.5(83.81205) -0.370 0712
CHO 182.6(161.4206.9) 183(161.4207.7) 182.6(161207) ~0.350 0727
HGB 13.8(12.7 149) 13.4(12.4146) 13.9(12.815) -5344 <0001
we 87.4(80.494.6) 89.5(8297.4) 87(8094) -5.640 <0.001
TG 8.68(8.29.9.15) 8.8(8.399.26) 8.65(8.289.12) —4434 <0001
¥l 0.16(0.110.22) 0.30(0.270.35) 0.15(0.100.19) —40.806 <0001

BMI, body mass index (<24 kg/m’, >24 kg/m?); HDL, high-density lipoprotein; LDL, low-density lipoprotein; CHO, total cholesterol; HGB, hemoglobin; WC, waist circumference; TyG,
triglyceride-glucose index; FI, frailty index.
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References Participants and Desig erventio Re Outcome

> a easlire
Schellinger et CHF patients (n RCT DS-ACP program A chart audit revealed 94.3% of those completing the The completion
al. (32) = 1,894) Medical center DS-ACP process had a health directive compared to 24.8% of AD forms

of non-completers (p < 0.001). Of the patients who died by Preferences for
the end of the study period (1 = 286), DS-ACP participants | EOL care

were more likely to have used hospice compared with
non-participants (56% vs. 37%, p = 0.002)

Evangelista et CHF patients (n = 36) Prospective Palliative care Average scores on the ADAS increased from 57% to 80% (p ADAS

al. (33) Medical center study consultation, 3 < 0.001) from baseline to 3 months. The number of The completion
months participants who completed ADs increased (28% vs. 47%,p | of AD forms

=10.016)

Sadeghi et al. CHEF patients (n = 37) Prospective ACP educational The number of patients having a signed scanned POLST The completion

(34) Medical center study video about shared form increased from 10 (27%) before the intervention to 16 of ADand
decision-making (43%) 6 months after the intervention (p = 0.03). 49% of POLST forms
(<15min), 6 patients had signed AD or POLST forms in their medical
months records 6 months after the index hospitalization compared

with 36% before the intervention (p = 0.06)

El-Jawahri et CHEF patients (n = 246) RCT ACP video decision More participants in the video-assisted intervention arm Preferences for
al. (35) Medical center support tool preferred to forgo CPR and intubation (68% and 76%, EOL care
(6 min), 3 months respectively) compared with those in the verbal control arm Knowledge
(35% and 48%, p < 0.001 and p < 0.001, respectively). of ACP

Participants in the video-assisted intervention arm had
higher mean ACP knowledge scores compared with the
control participants (4.1 % L4 vs. 3.0 £ 1.5 p < 0.001)

Metzger et al. CHE patients (n = 29) RCT SPIRIT-HF The SPIRIT-HF group showed higher improvement, with 5 GOC

(36) Medical center (44-96 min) dyads congruent at baseline in each group, and 13 outof 14 | DCS DMC
congruent at time 2 in the SPIRIT-HF group; and 9 out of 15
congruent in the control group. The difference between the
groups was not statistically significant (p = 0.064). There
were no significant differences between the groups in patient
decisional conflict or surrogate decision-making confidence.
Intervention dyads were nearly nine times as likely as
controls to achieve congruence in patients GOC

Malhotra etal. | CHEF patients (n=200) | RCT ACP intervention, 2 | Patient preference for aggressive EOL care was lower for Change in
(37) Medical center years older patients (OR = 0.96, p < 0.001). Overall, 64% (n = preferences for
128) of patients changed their stated preference for type of EOL care

EOL care at least once through the study period

Ahluwalia et CHE patients (n = 20) Mixed ACP group visit Patient readiness to engage in ACP improved significantly ACP engagement
al. (38) Medical center methods (90 min), 1 month from pre- to post-group visit (change score 40.53; p < 0.01) ACP-relevant
but dropped almost back to pre-group visit levels by the outcomes

1-month follow-up survey (change score—0.52; p < 0.01).
Patient self-efficacy did not significantly change overall from
pre- to post-group visit (change score +0.29; p = 0.11) and
declined to below pre-group visit levels by the 1-month
assessment (change score 0.40; p < 0.05)

Coster et al. CHE patients (1 = 30) Prospective | ACP conversation Most patients (78%) did not want to be readmitted and Hospital

39) Medical center study preferred to die at home. Satisfaction with the intervention admission
could be evaluated in 10 patients (33%). The other 20 within 3 months
patients passed away or could not be reached for follow-up. | Satisfaction
Eight patients (80%) were satisfied or very satisfied and of patients

would recommend this intervention to other patients. Two
patients were neutral

Cheng et al. CHF patients (n = 82) RCT Comprehensive After the ACP intervention, no significant differences in Preferences for
(40) Medical center ACP intervention,3 | posttest total, antibiotics, CPR, surgery, or ANH scores were EOL care
weeks observed between the groups (p > 0.05). However, in the

experimental group, significant differences were observed
between pretest and posttest total (z = -5.424, p < 0.001),
antibiotics (2 = -5.186, p < 0.001), CPR (z = -5.129, p <
0.001), surgery (z = -4.680, p < 0.001), and ANH (z =
-4.952, p < 0.001) scores

CHE chronic heart failure; DS-ACP, disease-specific advance care plannings ADAS, Advance Directive Attitude Survey; ACP, advance care plannings AD, advance directive; POLST, physician
orders for life-sustaining treatment forms; SPIRIT-HE, sharing patients’ illness representations to increase trust for heart failure; CPR, cardiopulmonary resuscitation; ANH, artificial nutrition
and hydration; GOC, goals of care; DCS, the decisional conflict scale; DMC, the surrogate decision-making confidence scale.
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heart failure

Habal etal. (41) CHE patients (n = 41) Mixed methods The purposes of this study were to (1) determine Three themes: (1) awareness of ACDs;
Medical center Face-to-face patients’ awareness, comprehension, and (2) knowledge of resuscitation options;
interviews utilization of ACDs and (2) determine their (3) current resuscitation preference
knowledge of the process of cardiopulmonary
resuscitation and their current resuscitation
preference
Werdecker et al. CHE patients (n = 30) Qualitative The aim of the study was to analyze the perception Four themes: (1) willingness to discuss
(42) Medical center Grounded theory of ACP consultations by patients with advanced ACP; (2) their illness; (3) death and

dying, and the experienced; and (4)
preferred role in healthcare
decision-making

ACD, advance care directive; CHE, chronic heart failure; ACP, advance care planning.
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Most participants did not know ACDs (41) (U)

Gives me a clear picture of what I want and what I do not want (42) (U)

Few participants reported having discussed the ACP-related knowledge with their physician (41) (U)
Few participants were unable to clearly describe the purpose and/or process of resuscitation (41) (U)
Few participants did not know what cardiopulmonary resuscitation was (41) (U)

Few participants had documented their resuscitation preference (41) (U)

Considerable skepticism about the usefulness of advance planning as they had not been involved in previous
healthcare (42) (U)

ACP-related
knowledge

Insufficient information

The higher the level of participation in preventive measures, diseases, and deaths, the higher the willingness to
engage in prior consultation planning (42) (U)

‘The better you understand your condition, the more you will be willing to plan ahead (42) (U)

The success of an open-ended ACP consultation is determined by nothing more than the atmosphere, the time

allotted, the respectful way in which mutual communication takes place, trust, and the orientation to the
patient’s individual needs (e.g., information needs, concerns, and fears) (42) (U)

ACP can be expressed as an open-ended process and must have the will of the individual (42) (U)

Most participants favored discussing them (41) (U)

Many of these participants would have preferred to discuss them early on after the diagnosis of HE, before
complications arise (41) (U)

ACP engagement
strategies

Participants feel comfortable at home. It is better than being in the hospital (42) (U)
Someone to listen to me so I can let my ideas run wild (42) (U)
He explained it all very well to me and I was relieved that I was told it was all so clear (42) (U)

Gain benefits

Positive impact

Families will question patients’ decisions that are surprising to them or seem unreasonable to them (42) (U)

Relatives are involved in the decision-making process by the patient as a peer in order to obtain expert
information or clarification of substantive issues from a professional counselor (42) (U)

Involvement of relatives leads to conflict in some patients due to different goals (42) (U)

Role of family

The greater the desire for shared decision-making and the experience of participating in the healthcare system,
the clearer the ideas about prevention and the desire for self-determination for future decisions (42) (U)

Using the framework of ACP counseling and communication with relatives to make specific decisions (42) (U)

Nearly half of the participants stated they would want their negative treatment when their condition worsens
“n
Creating spaces for open communication with relatives also contributes to the decision-making process (42) (U)

Most participants were able to identify someone whom they would choose as their SDM (41) (U)

Decision-making

Clashing perspectives

U and C represent the levels of credibility for the findings: U represents “unequivocal” evidence, C represents “credible” evidence, and N represents “not supported” evidence.

SDM, substitute decision maker; ACDs, advanced care directives; ACP, advanced care plan.
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Quantitative results Qualitative =~ Aggregation
finding
(categories)
ACP completion Gain benefits Empowerment
. . - o ACP-related
In intervention group participants, 94.3% had a health directive (32) knowledge
The number of participants who completed ADs/POLST increased (33, 34)
Satisfaction
The majority of patients (80%) expressed satisfaction and would recommend this intervention to other patients (39)
Readiness
Eight out of the 10 items comprising the readiness scale significantly increased from pre- to-post-group visit levels (38)
Patient readiness for ACP improved significantly post-group visit but declined to pre-group levels by the 1-month follow-up (38)
Attitude
Average scores on the ADAS increased from 57% to 80% (33)
Almost all participants in the intervention group reported a positive experience (36)
Knowledge
Intervention group participants had higher mean knowledge scores (4.1 = 1.4) than controls (3.0  1.5) (35)
ACP engagement
Intervention group participants were more likely to report GOC conversations with the healthcare provider (35)
ACP self-efficacy
Patient self-efficacy remained largely unchanged and decreased below pre-group levels at the 1-month assessment (38)
Dynamics for EOL preferences ACP Obstacles and
. s . . engagement facilitators
Patients with higher self-efficacy were more likely to prefer aggressive EOL care (37) stegies
The proportion of patients changing their EOL care preferences relative to the baseline gradually increased (37)
Patient preference for aggressive EOL care was lower for older patients (37)
Preferences were heavily influenced by finances, prognostic understanding, and decisional conflict (37)
Congruence Role of family Decision-centered
Decision-
The intervention group showed higher improvement in dyad congruence on GOC (36) making

Intervention group participants were nearly nine times as likely as controls to achieve congruence in patients’ GOC (36)

The concordance of clinicians and patients’ ACP preferences was higher in the intervention group than in the control group (35)

Preference of EOL care
56.1% of ACP completers were enrolled in hospice, compared with 37.2% of those who did not complete DS-ACP (32)
Most patients (78%) did not want to be readmitted and preferred to die at home (39)
Most patients were readmitted during follow-up, but did they undergo invasive diagnostic procedures (39)

Significant differences were observed in the experimental group between pre- and posttest scores for antibiotics, CPR, surgery,
and ANH (40)

A higher number of participants in the intervention arm preferred comfort care compared with those in the control arm (35)

After the intervention, a higher number of participants in the intervention group preferred to decline CPR and intubation than
those in the control group (35)

64% patients changed their preference of EOL care at least once through the study period (40)

ACP, advance care planning; DS-ACP, disease-specific advance care planning; AD, advance directive; POLST, physician orders for life-sustaining treatment forms; ADAS, Advance Directive

Attitude Survey; GOC, goals of care; EOL, end of life; CPR, cardiopulmonary resuscitation.
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Criteria Inclusion Exclusion
Dimensions e e roen e
ntitative component Qualitative Quantitative and qualitative
component components
Types of participants Patients diagnosed with HF. Older adults (=50 years old), regardless of Mean age <50 years, the patient was diagnosed
gender and geographical location with other chronic diseases
Types of interventions Adopt alternative measures using any tools or methods to promote the Interventions to help develop
spread of ACP or AD resuscitation-assisted euthanasia
‘With or without a comparison group
Outcomes/phenomena ACP outcomes Experiences with the
of interest ACP process outcomes, such as knowledge, readiness, interventions
preference, and self-efficacy
ACP outcomes, such as ACP engagement and completion of
ACP
Context Community, hospital settings, clinics, or homes ccu
Types of studies 1. Various experimental studies: RCTs, non-RCTs, 1. Various qualitative Review, guidelines, case reports, study
observational studies (prospective studies, retrospective studies proposals/protocols, conference abstracts, PhD
cohort studies, cross-sectional studies) 2. In mixed-methods theses, and non-peer-reviewed journals
2. In mixed-methods studies, quantitative data can be studies, qualitative
extracted data can be extracted

ACP, advance care planning; AD, advance directive; CCU, cardiac care unit; RCT, randomized controlled trial.
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Determinants

Frequency Active
(%) Aging

Index
(Mean
Value)

Better housing status

Yes
No
Separate room
Yes
No
Falls in old age
Yes

No

355 (68.5) 0.63
163 (31.5) 059
446 (86.1) 0.63
72(139) 055
142 (27.4) 0.58
376 (72.6) 0.63

Health service availability

Yes

No

311 (60.0) 0.63

207 (40.0) 059

Health service accessibility

Yes 246 (47.5) 0.64
No 272(523) 059
Get an old age allowance

Yes 78(15.0) 058
No 440 (85.0) 062

Source: Primary data anal;

s * (authors’ earlier paper on Active Aging) (30).

p value

0014

0.000

0.000

0002

0.000

0035
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Characteristics Adjusted odds 95% ClI

Upper bound

Socioeco-demographic determinants

Sex: Male, [Ref: Female] 0.010 —0.042 0.048
Age: 1 year as a unit ~0.057 ~0.003 0.001
Marital status: Married [Ref: Others] gape” 0.018 0.105
Residence: Urban, [Ref: Rural] ~0044 ~0013 0018
Education: Years of study 0014 ~0003 0,004
Religion: Muslim, [Ref: others] —0.158%* ~0.125 —0.029
Income: Yes, [Ref: Noj 0121 0.002 0042
Household headships Yes, [Ref: NoJ ~0070 ~0067 0017
Decision-making ability: Yes, [Ref: NoJ 01105 0001 0074

Personal and behavioral determinants

Satisfaction in life: Dissatisfied in life, ~0.075 ~0.058 0.006
[Ref: Satisfied]

Adequate Sleep: Sleeping 8 h+: [Ref: 0076 ~0.004 0.048
<8h

Balanced diet consumption: Yes, [Ref: 0092 ~0.005 0057
Noj

Regular walking/physical exercise: Yes, 0.120%% 0.005 0.067
[Ref: No]

Smokeless tobacco consumption: Yes, ~0.110%* ~0.061 ~0.005
[Ref: No]

TV watching: Yes, [Ref: NoJ ~0.023 ~0.035 0022
Newspaper reading: Yes, [Ref: No] [RTER 0.004 0.094

Physical Environment, health, and social services determinants

Regular medication use: Yes, [Ref: No] —0.172%% ~0.076 -0023
Better housing status: Yes, [Ref: No] 0089 ~0.005 0059
Separate room: Yes, [Reft No] 0034 ~0.028 0056
Falls in old age: Yes, [Ref: No] ~0.068 ~0.054 0,009
Reported health service availability: Yes, 0015 —0.024 0033
[Ref: Noj

Reported health service accessi
Yes, [Ref: No]

ty: 0161 0015 0076

Get an old age allowance: Yes, [Ref: Noj -0.075 ~0.062 0012

Constant (unadjusted 0678 0508 0884
coefficient) = 0.678

Goodness of fit R? = 0.450; adjusted
R*=0.406

Source: Primary data analysis; (Cl: Confidence Interval. *p value < 0.10. ** p-value < 0.05).





OPS/images/fpubh-13-1547329/crossmark.jpg
©

2

i

|





OPS/images/fpubh-13-1547329/fpubh-13-1547329-t001.jpg
Variables Yes (n

Age group ¢ 0.054
45-59 6,705 (43.23) 2,974 (42.38) 3,731 (43.93)
260 8,806 (56.77) 4043 (57.62) 4763 (56.07)

Gender 38875 <0.001
Male 7,473 (48.18) 2,770 (39.48) 4703 (55.37)
Female 8,038 (51.82) 4,247 (60.52) 3,791 (44.63)

Residence 5243 <0.001
Urban 5,632 (36.31) 2332 (33.23) 3,300 (38.85)
Rural 9,879 (63.69) 4,685 (66.77) 5,194 (61.15)

Marital status 64.40 <0.001
Married 13,395 (86.36) 5:889 (83.92) 7,506 (88.37)
Others 2,116 (13.64) 1,128 (16.08) 988 (11.63)

Education level 106.41 <0.001
Primary school or below 9,691 (62.48) 4,671 (66.57) 5,020 (59.10)
Secondary school 3,722(24.00) 1571(22.39) 2,151(25.32)
Senior high school or
o 2,098 (13.53) 775 (11.04) 1,323 (15.58)

Smoking history 155.35 <0.001
Never smoker 9,345 (60.25) 4,603 (65.60) 4,742 (55.83)
Currently smoker 4,098 (26.42) 1,577 (22.47) 2,521 (29.68)
Former smoker 2,068 (13.33) 837 (11.93) 1,231 (14.49)

Alcohol consumption 13494 <0.001
> 1 time/month, 4,324 (27.88) 1,638 (23.34) 2,686 (31.62)
< 1time/month 1,539 (9.92) 704 (10.03) 835 (9.83)
No consumption 9,648 (62.20) 4,675 (66.62) 4,973 (58.55)

Sleep duration 552.25 <0.001
Short sleep 5,474 (35.29) 3,165 (45.10) 2,309 (27.18)
Normal sleep 6,673 (43.02) 2642 (37.65) 4,031 (47.46)
Long sleep 3,364 (21.69) 1,210 (17.24) 2,154 (25.36)

BADL" limitations 715.09 <0.001
No 12,389 (79.87) 4,940 (70.40) 7,449 (87.70)
Yes. 3,122 (20.13) 2,077 (29.60) 1,045 (12.30)

IADL® limitations 720.87 <0.001
No 12,315 (79.40) 4,898 (69.80) 7417 (87.32)
Yes. 3,196 (20.60) 2,119 (30.20) 1,077 (12.68)

Number of chronic diseases 51115 <0.001
0 3,020 (19.47) 984 (14.02) 2,036 (23.97)
1 3,416 (22.02) 1320 (18.81) 2,096 (24.68)
2 3,029 (19.53) 1359 (19.37) 1,670 (19.66)
>3 6,046 (38.98) 3,354 (47.80) 2,692 (31.69)

‘BADL: basic activities of daily living.
IADL: instrumental activiti
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Characteristics Frequency Percentage

Age

Young-old (60-69) 334 645
Middle-old (70-79) 122 25
Old-old (80°) 62 120
Sex

Male 265 512
Female 253 488
Religion

Muslim 471 909
Hindu a1 79
Christian 6 12

Place of residence

Rural 284 548
Urban 234 452
Current marital status

Currently married 370 714
Unmarried 4 08
Widowed 142 274
Divorced 2 04
Educational status

No education 306 59.1
Primary education 19 20
Secondary education 67 129
Higher secondary or above 2% 50
Income

Have income 319 616
No income 199 384
Household headship

Yes (stil, he/she is the household head) 347 670
No 171 330

Decision-making ability
Yes 381 736
No 137 264

Source: Primary data analysis.





OPS/images/fpubh-13-1517482/fpubh-13-1517482-t003.jpg
Characteristics

Frequency Percentage Frequency Percentage
Better housing status 355 685 163 315
Separate room 446 86.1 7 139
Falls in old age 192 274 376 726
Health service availability 31 600 207 400
Health service accessibility 246 475 272 525
Getan old age allowance 78 151 440 819

Source: Primary data analysis.
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Characteristics Frequency Active P value
(VA Ageing
Index

Male 265 (51.2) 0.64 0,000
Female 253 (48.2) 053

Age

Young-old (60-69) 334 (64.5) 061 0.000
Middle-old (70-79) 122(23.5) 057

Old-old (80+) 62(12.0) 051

Marital status

Married 370(71.4) 061 0.000
Others 148 (28.6) 054

Residence

Urban 234.(45.2) 0.63 0.000
Rural 284 (54.8) 055

Religion

Muslim 471909) 057 0.254
Others 47(9.1) 062

Education

Yes 212.(40.9) 0.63 0.000
No 306 (59.1) 056

Income

Have income 319(61.6) 0.63 0.000
No income 199 (38.4) 051

Household headship

Yes 347 (67.0) 0.64 0.000
No 171(33.0) 056

Decision-making ability
Yes 381(73.6) 0.64 0,000
No 137 (26.4) 055

Source: Primary data analysis; * (authors’ carlier paper on Active Aging) (30).
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Determinants of Frequency Active
AAl (%) Aging
Index

(AAI)
(Mean
value)

Perceived life satisfaction
Dissatisfied 115 (222) 059 0,000

Tam neither satisfied 90 (17.4) 057

nor dissatisfied

Satisfied 313 (60.4) 064

Duration of sleep

<sh 322(62.4) 059 0.000
>8h 194(37.6) 065

Balanced diet consumption

Yes 282 (54.4) 0.64 0.000
No 236 (45.6) 059

Regular walking as exercise

Yes 126(24.3) 065 0.001
No 392(75.7) 0.60

Smokeless tobacco consumption

Yes 336 (64.9) 0.60 0014
No 182(35.1) 064

TV watching as a leisure status

Yes 235 (45.4) 065 0,000
No 283 (54.6) 058

Newspaper reading

Yes 43(8.3) 073 0.000
No 474(91.7) 060

Regular medication use

Yes 213 (41.1) 059 0.004
No 305 (58.9) 0.63

Source: Primary data analysis; * (authors’ carlier paper on Active Aging) (30).
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Stage 1

Division
Dhaka

Rangpur

Stage 2

District
Dhaka

Rangpur

Stage 3

Upazila
Savar

Pirgonj

Stage 4

Union (Rural)
‘Three villages of Birulia Union and 141 sample

Three villages of Raypur Union and 143 sample

284 sample

Stage 5

Ward (Urban)
‘Wards no. 6 &7 of Birulia Paurashava and 116 sample
Wards no 2 & 5 of Raypur Paurashava and 118 sample

34 sample






OPS/images/back-cover.jpg
Frontiers in
Public Health

Explores and addresses today’s fast-moving
healthcare challenges

One of the most cited journals in its field, which
promotes discussion around inter-sectoral public
health challenges spanning health promotion to
climate change, transportation, environmental
change and even species diversity.

Discover the latest
Research Topics

Public Health

Frontiers

Avenue du Trbunal-Fédéral 34
1005 Lausanne, Switzerland.
fontersinorg

Contactus

+41(0)215101700
frontersn ro/about/contact






OPS/images/fpubh-13-1570794/fpubh-13-1570794-t004.jpg
Shanghai

‘Shanghai Unified Needs Assessment
Standards for Older Adult Care (Trial)

Assessment form
Version 2.0

Parameters for the assessment of
N Self-care ability,severity of illness
incapacity

Disability assessment level Normal, care level 1 to care level 6

Number of beneficiaries (2020) 417,000

Chengdu

Norms for Comprehensive Assessment of
Adult Disability in Chengdu Long-Term

Care Insurance

Al

y to perform activities of daily living,
‘mental status, perceptual and social
participation

Intact, mildly disabled, moderately
disabled (grades 1-3) and severely
disabled (grades 1-3)

296,000

Qingdao

Qingdao Care Needs Level Assessment Form
for Disabled Persons, Qingdao Care Needs
Level Assessment Form for Mentally
Disabled Persons

A

s of Daily Living, Mental Status
Assessment, Sensory Perception and.

Communication, Social Parti

Disability 0-5; dementia is categorized as

‘mild, moderate and severe

26,000
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Payment method

Nursing service

Fund payments

Shangh:

In-home care, community day care, institutional care

Includes 27 items of basic life care and 21 items of

clinical care

Home care: 90%; day/institutional care: 85%

Chengd

Home care, institutional care

Home care: 18 items of basic care, 27 items of
specialized care and assistive device services;
Institutional care: basic care, specialized care
and assistive device services are uniformly
provided by the designated care institutions

where they live

Employee participation: 75%; resident
participation: 60%

gdao
Home care, institutional care, day care

Home care: 10 items of iving care and 32
items of medical care; Institutional care: 58
items, including basic living care, medical
care services, cleaning and disinfecting of
environmental goods, observation of diet
and living conditions, and rehabilitation
are.

Employee participation: 90%; first-tier
contributors: 85%; second-tier

contributors: 75%
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Type of organization

Institutionally rated assessment

programs.

Rating levels

Number of institutions (latest)

Shanghai

Medical institutions, nursing homes,

community care facilities

Districts set assessment standards

One-star to five-star

1,207

Designated care institutions for resider
care, designated care institutions for home-
based care, designated training institutions,
designated service institutions for assistive

devices

Comprehensive assessment program, special

assessment program

Qualified, unqualified
305

Qingdao

Residential care service organizations,
small-scale multi-purpose care service
organizations, home-based care service

organizations

Surrounding environment and
transportation accessibility, basic
management, care services, service
performance, social influence and other
additional items

Level A,B,C,D

978
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City 2016 2019 2020 2021 2022 2023 2024 Amou
Shanghai ] 8 8 3 4 2 N - 4 32
Chengdu 1 2 2 1 7 3 6 - 3 2

Qingdao 5 4 2 4 6 2 7 3 2 35
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City Insurance coverage

Basic medical insurance for urban workers, basic medical

Shanghai
insurance for urban residents over 60 years old
Basic medical insurance for urban workers, basic medical
Chengdu
insurance for urban residents, Students and children groups
Basic medical insurance for urban workers, basic medical
Qingdao

insurance for urban residents
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Funding channels

Shanghai
Medical insurance pooled funds

Employee participation: 0.5% of the
employee health insurance contribution
base and a quarterly transfer of funds from
the employee health insurance pool funds
Resident participation: at a level slightly
lower than the per capita financing level of
employee participation, and quarterly
transfers of funds from the resident

‘medical insurance pool fund

Chengdi

Medical insurance fund, individual
contributions, financial subsidies
Employee participation: a certain
percentage of the employee health
insurance contribution base (0.1% for those
under 40 years of age, 0.2% for those over
40 years of age who have not retired, 0.3%
for those who have already retired), 0.1%/
year of the individual employee’ personal
health care account contribution base, and
0.2%/month of the unit’ contribution base;

: individual

Resident participatior
contribution of 25 yuan/year, the
‘government subsidizes a certain amount (>
60 years old 20 yuan/year, other 13 yuan/
year)

Qingdao

Medical insurance fund, individual

contributions, financial subsidies

Employee participation: 0.3%/month of the
total employee health insurance
contribution base, 0.2%/month of the
individual contribution base of the
‘employees personal health insurance
account; government subsidy of 30 yuan/
person/year; resident participation: no less.
than 10 yuan/person/year of the health
insurance allocation, and no less than 20
yuan/person/year of the financial subsidy

for health insurance
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Variables Model 1 Model 2

OR (95%CI) OR (95%CI)

Sleep duration

6-8h Ref Ref

<6h 2.09(1.94-2.25) <0.001 1.69 (1.57-1.83) <0.001

28h 0.86(0.79-0.93) <0.001 0.87(0.79-095) 0.002
BADL: limitations

No Ref Ref

Yes 3.00 (276-3.26) <0.001 182 (1.6-2.01) <0.001
IADL® limitations.

No Ref Ref

Yes 2.98(275-3.23) <0.001 188 (1.71-2.07) <0.001

‘BADL, basic activities of daly living.
IADL, instrumental activites of daily living.

Model 1: crude.

Model 2: adjust for age, gender, residence, marital status, education level, smoking history, alcohol consumption, and number of chronic diseases.
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Variables Model 1 Model 2

OR (95% CI) OR (95% CI)

Short sleep - 1ADL - Ref Ref

Short sleep + IADL - 198 183 214 183 169 198
Short sleep ~ IADL + 269 241 3.00 233 208 262
Short sleep + IADL + 526 467 593 42 373 481
RERI 160 097 222 108 057 159
AP 030 021 0.40 025 0.16 035
s 160 135 189 150 125 180
Short sleep * IADL 099 084 117 099 084 118
Short sleep - BADL - Ref Ref

Short sleep - BADL + 215 266 238 182 168 197
Short sleep + BADL — 265 196 182 227 202 255
Short sleep + BADL + 572 535 474 421 371 478
RERI 173 110 237 113 0.60 165
AP 032 024 041 0.27 017 037
s 166 140 197 154 127 187
Short sleep * BADL 102 086 121 102 086 122

BADL, basic activities of daily ivings IADL, instrumental activities of daly living,
Model 1: crude.
Model 2: adjust for age, gender, residence, marital status, education level, smoking history, alcohol consumption, and number of chronic diseases.
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Variables Model 1 Model 2

OR (95% CI) OR (95% CI)

Long leep + IADL - Ref Ref

Long sleep - IADL - 154 141 169 147 134 161
Long leep + IADL + 263 219 316 230 191 277
Longsleep - IADL + 4.68 417 5.25 366 324 412
RERI 150 083 218 038 039 138
AP 032 019 045 024 012 037
s 169 129 221 150 116 193
Longsleep * IADL 087 071 107 093 075 L4
Long sleep + BADL - Ref Ref

Long sleep - BADL ~ 152 139 166 146 133 160
Long sleep + BADL + 270 222 327 231 189 281
Long sleep - BADL + 455 406 509 352 313 397
RERI 133 078 188 076 025 127
AP 029 018 041 0.22 0.08 035
s 160 127 202 143 110 187
Long sleep * BADL 090 073 112 095 077 119

IADL, instrumental activities of daily living: BADL, basic activities of daily living,
Model 1: unadjusted.
Model 2: adjust for age, gender, residence, marital status, education level, smoking history, alcohol consumption, and number of chronic diseases.
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Criterion layer weight Consistency Indicator layer weight Consistency

coefficient inspection results coefficient inspection results
M 0287 Imax=3022 ca 0594 Irnax=3.004
CI=001L F1 0287 C1=0002
- B2 0.119 CR=0.004
o 0594 El 0158 Ane=10.158
At 0115 cr=001s
B P CR=0.010
DI 0091
D4 0088
A3 0075
A5 0071
A6 0077
D3 009
A7 0098
A 0119 B6 0193
B4 0176
D2 0074
BS 0098
a 0093
B7 0.105
A2 0091
¥l 0092

BY 0077
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Frequency Results

A 1
Al 31 82 95 47 2 2 A
A2 10 36 ns o8 5 1 A
A3 19 56 114 68 1 1 A
A4 10 30 02 40 3 1
As 14 46 128 66 3 2 A
A6 21 55 98 81 1 3 A
A7 15 “ 103 91 1 5 A
B1 16 a1 04 98 0 0 A
B2 3 18 08 12 5 3 1
B3 2 72 103 52 1 2 A
B4 16 50 106 80 3 4 A
BS 1 2 04 127 2 1 1
B6 9 47 123 7 2 3 A
B7 8 46 02 98 3 2 A
BS 8 a1 115 92 1 2 A
BY 7 2 125 9 3 1 A
B10 9 32 106 110 1 1 1
BI1 6 28 e 1033 0 A
cl 8 35 126 86 3 1 A
c 13 35 105 106 0 0 1
c3 13 17 w0 127 2 0 1
c 32 61 66 9% 3 1 1
D1 16 6 106 68 3 1 A
D2 10 45 08 9 0 0 A
D3 8 a8 121 80 2 0 A
D4 2 58 n2 67 1 1 A
DS 2 21 89 141 5 1 1
D6 6 2 107 120 03 1 1
El 0 s 55 47 1 1 o
E2 20 46 92 % 3 2 1
Fl 9 36 4 9% 2 2 A
F2 5 19 9 1B7 3 0 1
B3 17 31 92 a4 1 1
F4 9 62 81 02 4 1 1

M, Must-be attribute; O, One-dimensional attribute; A, Attractive attribute; I, Indifferent
attribute; R, Reverse attribute; Q, Questionable attribute.
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cteristics Type

Percentage (%)

Self-perceived health condition Very bad 1 12
Bad 63 243
Normal 79 30.5
Good 8 317
Very good x4 93
Number of chronic diseases 0 38 147
1 85 328
2 74 28.6
23 62 239
Self-care capabilities Completely 203 784
Partially a1 158
Unable 15 58
Life satisfaction Very satisfied 77 29.7
Relatively satisfied 130 502
Normal 40 154
Relatively dissatisfied 10 39
Very dissatisfied 2 08
Level of understanding of community older adult care Very dear 12 46
Relatively clear 65 25.1
Heard alittle 75 29.0
Never heard 107 413
Preferred older adult care model Home-based care 91 351
Community-based care 69 266

Institutional-based care 9 382
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Positive questions Negative questions

Satisfied As it should be  Does not matter Bearable Dissatisfied
Satisfied Q A A A o
As it should be R 1 1 1
Does not matter R 1 1 1 M
Bearable R 1 1 1 M
Dissatisfied R R R R Q

M, Must-be attribute; O, One-dimensional attribute; A, Attractive attribute; I, Indifferent attribute; R, Reverse attribute; Q, Questionable attribute.
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Dimensi Item  Service

Life care Al Community canteen or food delivery
A2 Daily necessities purchases
A3 Housckeeping
A1 Handle business such as certification of senior
citizens
A5 Maintenance and installation houschold equipment
A6 Bathing aid, haircuts, shaving, etc.
A7 Daycare provided by community older adult service
centers
Medicalcare Bl Establishment of health record files
B2 Smart wearables
B3 Routine physical examinations
B4 Accompanying to hospital
B5 Tele-health services
B6 Home visit medical services
B7 Medication reminders
B8 Health counseling and lectures
B9 Healthy exercise guidance
B0 Rehabilitation therapy
Bl Nutritional guidance
Spiritual c1 Daily conversations
b (&3 Older adult service hotline
o Psychological counselling
ca Assistance in contacting relatives and friends
Culture and DI Recreational activities
entertainment | Physical exercise
D3 Interest-based training classes
D4 Older adult Activity Center
D5 Group tours for the older adult
D6 “Teaching the use of intelligent products
Safety and El Emergency rescue
security. E2 Safety inspection of the living environment
Legal and Fl Anti-fraud awareness services

policy services | pp Legal advice and assistance

3 Pension policy consultation

F4 Special Policy Consultation
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Medical insurance for urban employees

3

Monthly disposable income 0.95

household registration type 0.80

Medical insurance for residents 0.68

0.38

A Regular pension

Education level 0.35

The amount of money wiling to pay 030

Age 0.15

Living condition -0.13

Level of understanding .0.07

Gender ID,OS

0.00 0.25 0.50 0.75 1.00
Importance of the predictor variables
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Number of Participants (n)

100

60

40

20

<1000 1001-3000
—— Monthly disposable amount

3001-5000 25001
I The amount willing to pay

Monetary Value (yuan)
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A

Attractive
attribute
(A)

One-dimensional

attribute
(0)

Degree of
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attribute
()

Reverse attribute
(R)

Achievement

Must-be attribute
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Variable

Age (years)
60-74
75-90
>90
Residence
City
Rural
Ethnic group
Han
Non-Han
Marital status
With spouse
‘Without spouse
Living arrangement
Nursing home
Alone
Living with family
Home facilities score
0-3
46
7
Place of death
Home
Hospital
Institution
Other
Primary caregiver
Informal caregivers
Formal caregivers
Nobody
Sources of medical costs
‘The government
Family
Medical insurance
No money
Medical costs (RMB)
<10,000
10,001-50,000
>50,000
Got timely treatment
Yes
No
Was not ill
Old-age insurance
Yes
No
Bedridden
No
Yes
Suffered from serious illness
No
Yes
Number of chronic diseases

0

»2
ADLscore
<12
212
Unconsciousness
No
Yes
Hearing loss.
Yes
No
Main financial source
Retirement wage
Family
Local government
Annual income (RMB)
<10,000
10,001-50,000
50,001-100,000
100,000
Smoking
No
Yes
Drinking
No

Yes

Low QODD

[n(%)]

94(7.14)
564 (42.82)

659 (50.04)

497 (37.74%)

820 (62.26)

1241 (94.23)

76 (5.77)

475 (36.07)
842(63.93)

34(258)
250 (18.98)

1,033 (78.44)

321(2437)
524 (39.79)
472 (35.84)

1,133 (86.03)
144 (1093)
26(1.97)

14(1.06)

1231 (93.47)
45 (3.42)

1(3.11)

128 (9.72)
783 (59.45)
385(29.23)

21(159)

982 (74.56)
280 (21.26)

55 (4.18)

1,074 (81.55)
80(6.07)
163 (12.38)

350 (26.58)

967 (73.42)

347 (2635)

970 (73.65)

685 (52.01)
632 (48.00)

322(24.45)
487 (36.98)

508 (38.57)

460 (34.93)

857 (65.07)

804 (61.05)
513 (38.95)

609 (46.24)
708 (53.76)

250 (18.98)
971(73.73)

96 (7.29)

618 (46.92)
516(39.18)
117 (8.88)

66 (5.01)

904 (68.64)

413 (31.36)

951 (7221)

366 (27.79)

Male

High
QODD
[n(%)]

34(203)
516(30.79)

1,126 (67.18)

724 (43.20)

952 (56.80)

1,555 (92.78)

121 (7.22)

475 (28.34)

1201 (71.66)

40(2.39)
226 (13.48)

1,410 (84.13)

277 (16.53)
652 (38.90)
747 (44.57)

1,495 (89.20)
150 (8.95)
28(1.67)

3(0.18)

1553 (92.66)
70 (4.18)

53 (3.16)

179 (10.68)
1,022 (60.98)
446 (26.61)
29(1.73)

1,371 (81.80)
250 (14.92)
55(3.28)

1,285 (76.67)
31(185)
360 (21.48)

432(25.78)

1,244 (74.22)

543 (32.40)

1,133 (67.60)

1,092 (65.16)

584 (34.85)

661 (39.44)
533 (31.80)
482 (28.76)

703 (41.95)

973 (58.05)

1,203 (71.78)
473 (2822)

867 (51.73)
809 (48.27)

356 (21.24)
1218 (72.67)

102 (6.09)

688 (41.05)
701 (41.83)
176 (10.50)

111 (6.62)

1,150 (68.62)

526 (31.38)

1,201 (71.66)

475 (2834)

110973

9.105

2518

20316

17.059

36.675

14324

1165

2856

23082

72,693

0244

12923

52812

77.723

15285

38.438

8.889

3585

12312

<0.001

0111

<0001

0.003

0113

<0001

<0001

<0001

0002

0558

0414

<0001

<0001

0621

<0001

<0001

<0001

<0001

<0001

0.003

0.167

0.006

0988

0739

Low QODD
[n(%)

33(2.10)
414(26.30)

1,127 (71.60)

554 (35.20)

1,020 (64.80)

1,456 (92.50)

118 (7.50)

166 (10.55)

1,408 (89.45)

38 (241)
222(14.10)

1,314 (83.48)

336 (22.62)
664 (42.19)
554(35.20)

1,428 (90.72)
114(7.24)
25(159)

7(0.44)

1,481 (94.09)
46(2.92)
47 (2.99)

38 (2.41)
1,143 (72.62)
375(23.82)

18(1.14)

1,359 (86.34)
187 (11.89)

28(1.78)

1,226 (77.89)
84(5.34)

264 (16.77)

302(19.19)

1,272 (8081)

329(20.90)

1,245 (79.10)

972(61.75)

602 (38.25)

601 (38.18)
502 (31.89)

471(29.92)

455 (28.91)

1,119 (71.09)

894 (56.80)
680 (43.20)

786 (49.94)
788 (50.06)

98 (6.23)
1,368 (86.91)

108 (6.86)

764 (48.54)
576 (36.59)
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Variable Male [n(%)]
QopD

Low QODD 1,317 (44.00)
igh QODD 1,676 (56.00)

Age (years)

60-74 128 (4.28)

75-90 1,080 (36.08)

>90 1785 (59.64)
Residence

City 1,221 (40.80)

Rural 1772 (59.20)
Ethnic group

Han 2,796 (93.42)

Non-Han 197 (6.58)
Marital status

With spouse 950 (31.74)

Without spouse 2043 (68.26)

Living arrangement

Nursing home 74 (247)
Alone 476 (15.90)
Living with family 2,443 (81.62)

Home facilities score

0-3 598 (19.98)
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Place of death
Home. 2,628 (87.80)
Hospital 294(9.82)
Institution 54(1.80)
Other 17 (0.57)
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OPS/images/fpubh-13-1439685/fpubh-13-1439685-t002.jpg
Variable

‘The commaunity regularly organizes activities for the older

adult (vs. Never)

Occasional participation in community-organized
activities for older people (vs. Never)

Willingness to accept help from other older adult people

(vs. no)

ingness to help other older people (vs. no)
Not living alone (vs. living alone)

Constant
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Socio-economic determinants (7):
Residence, Religion, Marital
status, Education, Income,
Household headship, Decision-
making ability

Personal determinants (4): Age,
Sex, Adequate sleep, Satisfaction
‘with life

Behavioral determinants (6):

Tobacco use, Regular medication - Health

usc, Rogular walk, Healthy dict, (SR} - Participation

Television watching, Newspaper - Security

Active Aging

reading

[Physical environment
determinants (3): Falls in old age,
Poor housing status, Separate room

[Health and social services
determinants (3): Health service
‘availability, Access to health care,
| Access to old age allowance
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Difference ~0.0780
Unexplained (%) ~0.0407 (52.11)
Explained (%) ~0.0374 (47.89)
Explained
Contribution to difference Contribution (%) [95% ClI
Age (years) <0.001 ~00257 3295 (0,033, -0.018)
Residence 0023 00016 -200 (0.000,0.003)
Ethnic group 0359 ~0.0002 028 (~0.001,0.000)
Marital status 0564 ~00029 369 (-0.013,0.007)
Living arrangement 0248 ~00011 144 (~0.003,0.001)
Home facilities score 0018 ~0.0007 0.86 (~0.001,0.000)
Place of death 0.004 ~00029 3.66 (~0.005,0.001)
ary caregiver 0291 00002 -028 (0.000,0.001)
Sources of medical costs 0054 0.0007 ~0.94 (0.000,0.001)
Medical costs (RMB) 0243 ~00030 385 (~0.008,0.002)
Got timely treatment 0,098 ~00025 323 (~0.006,0.000)
Old-age insurance 0710 ~0.0006 075 (~0.004,0.003)
Bedridden 0802 00002 -030 (~0.002,0.002)
Suffered from serious illness 0044 ~00042 537 (~0.008,0.000)
Number of chronic diseases <0.001 ~0.0098 1262 (~0.015,-0.005)
ADLscore 0541 0.0006 -080 (~0.001,0.003)
Unconsciousness <0.001 00032 -413 (0.002,0.005)
Hearing loss 0.162 ~0.0003 041 (~0.001,0.000)
Main financial source 0,099 00045 -577 (~0.001,0.010)
Annual income (RMB) 0525 00002 -020 (0.000,0.001)
Smoking 0234 00057 -7.29 (~0.004,0015)

Drinking 0895 ~0.0005 059 (0.007, 0.006)
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Variable Catego

Notatall
Knowledge of mutual support for the older adult

Alittle

Fairly well
Live alone or not Yes

No

Yes
Availabilty of groups or individuals to engage in senior activities together

No
Relationship with neighbors Very good

Fairly friendly

bad relation
Community concern for life Ofien

Ocaasionally
Never
Frequently organized
Frequency of community-organized activities for the older adult Ocaasionally
Never
Frequently
Frequency of participation in community-organized activities for the older
Ocaasionally
adult
Never
Comparatively satisfied
Satisfaction with local public facilities
Generally satisfied
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ied

Yes

ingness to accept help from other older adult people
No
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Willingness to help other older people

Yes
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Variable OR

Residence
City Ref
Rural 0,868
Marital status
With spouse Ref
Without spouse 1471

Home facilities score

0-3 Ref
4-6 1176
7 1707
Place of death
Home Ref
Hospital 0624
Institution 1.768
Other 0429

Got timely treatment

Yes Ref

No 0480

Was not ill 1440
Bedridden

No Ref

Yes 0820

Suffered from serious illness

No Ref
Yes 0778
Unconsciousness
No Ref
Yes 0720
Drinking
No Ref
Yes 1293
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(1.145,1.890)

(0.982,1.408)

(1.412,2.062)
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