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Aim: This study aims to explore the cognitive trajectory changes in middle-aged and older adults individuals with dual sensory impairment (simultaneous visual and hearing impairment) and to identify the predictors of different trajectory changes.

Methods: Based on the longitudinal data from the China Health and Retirement Longitudinal Study (CHARLS) from 2013 to 2020, data from 2,369 middle-aged and older adults individuals with dual sensory impairment were selected. A latent variable growth mixture model was constructed to analyze the cognitive function development trajectories in this population and to identify their predictive factors.

Results: The cognitive function development trajectories in the middle-aged and older adults population can be categorized into three types: high cognitive level stable group, low cognitive level slowly declining group, and moderate cognitive level rapidly declining group. Logistic regression analysis showed that age (OR 30.544; 95% CI 9.35–99.754; p < 0.001), sleep duration (OR 0.559; 95% CI 0.343–0.909; p < 0.005), education (OR 0.009; 95% CI 0.003–0.025; p < 0.001), marital status (OR 2.122; 95% CI 1.457–3.090; p < 0.001), social participation (OR 0.499; 95% CI 0.379–0.658; p < 0.001), place of residence (OR 1.471; 95% CI 1.089–1.988; p < 0.001), and medical insurance (OR 0.353; 95% CI 0.169–0.736; p < 0.005) are predictive factors for cognitive function trajectories in this population.

Conclusion: There is group heterogeneity in the cognitive function development trajectories among middle-aged and older adults individuals with dual sensory impairment. Factors such as less than 4 h of nighttime sleep, low social participation, alcohol consumption, and lack of medical insurance are modifiable risk factors for cognitive decline in this population. Preventive strategies should be formulated accordingly, especially for vulnerable groups, including older rural residents and those with lower educational attainment, to prevent cognitive function deterioration in middle-aged and older adults individuals with dual sensory impairment.
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1 Introduction

The world’s population is rapidly aging, and the aging population in both developed and developing countries will continue to grow. It is estimated that by 2030, the global older adults population will reach 1.4 billion (1), With population aging, the prevalence of age-related vision impairment (VI), hearing impairment (HI), and dual sensory impairment (DSI; defined as concurrent VI and HI) is also increasing, becoming a global public health issue. The World Health Organization (WHO) reports that at least 2.2 billion people worldwide have vision impairment or blindness (2). It is estimated that by 2050, one in four people will have some degree of hearing loss, with age-related hearing loss being the most common (3). Studies have shown that sensory impairments are associated with limitations in daily activities (4), reduced social interactions (5), and decreased quality of life among older adults (6). They also increase the risk of cognitive decline and dementia (7).

Cognitive function is an important indicator of health status, directly affecting an individual’s ability to perform daily activities and overall quality of life. Older adults with cognitive decline are more likely to experience limited daily activities and require continuous care from family and social services, which increases the burden on family members and social insurance funds (8). Therefore, understanding cognitive decline and the factors that might mitigate it is crucial for early intervention and reducing dementia cases (9). There is a close relationship between sensory impairment and cognitive impairment, with vision and hearing impairments considered potentially modifiable risk factors for cognitive impairment in older adults (10). Research indicates that hearing impairment negatively affects communication and social participation in older adults, further increasing cognitive decline. Compared to individuals with a single sensory impairment (either hearing or vision impairment), older adults with dual sensory impairment are at a higher risk of cognitive decline (11).

Currently, research on cognitive decline in middle-aged and older adults individuals with dual sensory impairment is notably lacking. Older adults with sensory impairments face multiple physiological and social challenges, including loss of independence in daily life, marginalization in society, and the gradual depletion of life resources. Their cognitive decline is often the result of these cumulative resource losses (12). Most previous studies (13, 14) have focused on single sensory impairments, with limited research investigating the relationship between dual sensory impairment and cognitive trajectory changes in middle-aged and older adults populations. Furthermore, most studies (15, 16) have employed cross-sectional designs to examine the relationship between sensory impairment and cognitive risk, with a narrow focus on the factors influencing cognitive impairment caused by sensory impairment. This study adopts the “Social Determinants of Health” model, which encompasses multiple levels, ranging from individual to macro-social conditions (17). These include factors such as “health factors,” “individual lifestyles,” “social and community networks,” “structural social factors,” and “macro-social conditions.” This comprehensive framework provides direction and five specific dimensions for exploring the issue of cognitive decline in older adults with sensory impairments. Therefore, this study, supported by the “Social Determinants of Health” model, will investigate the factors affecting cognitive function in middle-aged and older adults individuals with dual sensory impairment. Based on these findings, the study aims to propose multidimensional strategies to improve cognitive function in this population.

This study aims to explore the following three questions: (1) What are the cognitive trajectories of middle-aged and older adults individuals with dual sensory impairment? (2) What are the predictive factors influencing cognitive levels in middle-aged and older adults individuals with dual sensory impairment? (3) What intervention measures should be developed in the future based on these factors?



2 Materials and methods


2.1 Data collection

The China Health and Retirement Longitudinal Study (CHARLS) is a large-scale, interdisciplinary longitudinal study initiated by the National School of Development (NSD) at Peking University. CHARLS uses a stratified, multistage probability-proportional-to-size random sampling strategy to survey middle-aged and older adults individuals aged 45 and above across 28 provinces (autonomous regions and municipalities) in China, assessing the social, economic, and health status of community residents. The national baseline survey of the study was conducted in 2011, followed by follow-up surveys every 2–3 years in 2013, 2015, 2018, and 2020 (18). This study utilized the longitudinal follow-up data from CHARLS between 2013 and 2020. According to the study objectives, the inclusion criteria were: (1) age ≥45 years in the 2013 baseline survey; (2) presence of both vision and hearing impairments at baseline; and (3) participation in at least three follow-up surveys. The exclusion criteria were: (1) individuals with missing health status or basic information, (2) individuals with missing vision, hearing, or cognitive information at baseline, and (3) individuals with missing cognitive data during follow-up, (4) Patients with severe hearing and vision impairment (deafness and blindness) who cannot complete a cognitive function assessment. Finally, this study included a total of 2,369 middle-aged and older adults individuals aged 45 and above with dual sensory impairment. The specific screening flowchart is shown below (Figure 1).
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FIGURE 1
 Flowchart of the CHARLS population selection process.


All participants provided informed consent, and the protocol was approved by the Peking University Institutional Review Board (Approval No: IRB00001052-11015). All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.



2.2 Variables and measurement methods


2.2.1 Cognitive assessment

The Mini-Mental State Examination (MMSE) is widely used worldwide to assess cognitive function (19). The scale was specifically developed and published by Folstein et al. in 1975 as a tool for quickly screening cognitive impairment within a short period (19). This scale is widely used in China, and previous domestic studies suggest that the scale’s Cronbach’s alpha coefficient is 0.833, and the test–retest reliability is 0.924 (20). In line with previous research, cognitive function was measured in two domains: episodic memory and global cognition, with a total score range of 0–31, where higher scores indicate better cognitive function (21). Episodic memory was assessed using immediate and delayed word recall tests. After the interviewer randomly read 10 Chinese words, participants were asked to recall them immediately and again after a few minutes. The episodic memory score was the sum of recalled items, ranging from 0 to 20. Global cognition was assessed through three tasks: orientation (day, month, date, season, and year), calculation (serial subtraction of 7 from 100 five times), and visuospatial ability (drawing overlapping pentagons). Participants received one point for each correct item, with scores ranging from 0 to 11. The China Health and Retirement Longitudinal Study survey personnel received professional training on the MMSE for each wave to minimize systematic differences as much as possible.



2.2.2 Assessment of dual sensory impairment

Participants who simultaneously reported vision and hearing impairments were considered to have dual sensory impairment. The self-reported data on vision impairment consisted of two questions: (1) “How good is your eyesight for seeing things at a distance (with glasses or corrective lenses), such as recognizing a friend across the street?” and (2) “How good is your eyesight for seeing up close (with glasses or corrective lenses), such as reading ordinary newspaper print?” For each question, responses included “excellent,” “very good,” “good,” “fair,” or “poor.” If respondents reported their vision as “fair” or “poor” (either for distance or near vision), they were classified as having vision impairment in this study. Hearing impairment was assessed with one question: “Is your hearing excellent, very good, good, fair, or poor?” If participants reported their hearing as “fair” or “poor,” they were classified as having hearing impairment.



2.2.3 Covariates

Based on the health social determinants model, this study uses binary coding (22) and the actual conditions of CHARLS data, this study selected five levels of associated factors, including: (1) Health Factors: Gender (1 = male, 2 = female); Age (1 = 45–59 years, 2 = 60–79 years, 3 = 80 years and above); Chronic diseases (1 = none, 2 = one chronic disease, 3 = two or more chronic diseases); Self-rated health, measured by the question: “How would you rate your current health status?” The answers include “very good, good, fair, poor, very poor.” In this study, “very good” and “good” are classified as good, “fair” as average, and “poor” and “very poor” as poor (1 = good, 2 = average, 3 = poor); Disability status (1 = no, 2 = yes). (2) Individual Lifestyle: Alcohol consumption (1 = yes, 2 = no); Sleep duration (1 = less than 4 h per night, 2 = 4–6 h per night, 3 = more than 6 h per night). (3) Social and Community Networks: Marital status (1 = married, 2 = not married); Social participation was measured using question DA056, which asked respondents whether they had engaged in any of the following 12 social activities in the past month: (a) Interacting with friends; (b) Playing mahjong, chess, cards, or going to a community club; (c) Helping family members, friends, or neighbors who do not live with them; (d) Participating in sports clubs, social clubs, or other clubs; (e) Joining community organizations; (f) Engaging in volunteer or charity work; (g) Taking care of sick or disabled adults who do not live with them; (h) Attending educational or training courses; (i) Investing in stocks; (j) Using the internet; (k) Participating in other social activities; (l) None of the above. If respondents selected any of the first 11 options, they were classified as participating in social activities; otherwise, they were classified as not participating (23) (1 = yes, 2 = no). (4) Social Structural Factors: Years of education (1 = 0 years, 2 = 1–6 years, 3 = 7–12 years, 4 = 13 years and above); Retirement status (1 = not retired, 2 = retired). (5) Macro Social Conditions: Residence (1 = urban, 2 = rural); Health insurance (1 = no, 2 = yes).





3 Statistical analysis

Statistical analyses were conducted using SPSS version 28.0 for descriptive statistics, χ2 tests, and unordered multinomial logistic regression analyses, with a significance level of α = 0.05. Latent profile analysis of cognitive scores from 2013 to 2020 was performed using Mplus version 8.3. The fit indices included the Akaike Information Criterion (AIC), the Bayesian Information Criterion (BIC), and the sample-size adjusted BIC (aBIC), with smaller values indicating better fit. An entropy value ≥0.8 indicates that the classification accuracy exceeds 90%, with values closer to 1 reflecting higher accuracy. Model fit differences were assessed using the Likelihood Ratio Test (LMR) and the Bootstrap-based Likelihood Ratio Test (BLRT). A p-value <0.05 indicates that the new model is superior to the previous one. The best model was selected based on a comprehensive comparison of the fit indices for each model.



4 Results


4.1 Descriptive characteristics

A total of 2,369 participants were included in the baseline survey of this study, with an average age of 62.35 ± 9.78 years (ranging from 45 to 92 years). Among them, 1,019 (43.0%) were male, and 1,350 (57.0%) were female. Participants from rural areas accounted for 1,570 (66.3%), while those from urban areas totaled 799 (33.7%). A total of 1,918 (81.0%) were married, and 451 (19.0%) were not married. Regarding education level, 1,763 (74.4%) had six or fewer years of schooling, 536 (22.6%) had 7–12 years of education, and 70 (3.0%) had 13 or more years of education. Detailed baseline characteristics of the participants are shown in Table 1.



TABLE 1 Comparison of basic characteristics across latent classes of cognitive levels in older adults with dual sensory impairment (n = 2,369).
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4.2 Cognitive trajectory results for older adults with dual sensory impairment

Setting up models with 1–4 categories. The results showed that as the number of categories increased, the values for AIC, BIC, and aBIC decreased, while the Entropy value also changed. Although AIC, BIC, and aBIC values generally decreased in this study, a significant inflection point was observed in the three-category model, where the rate of decrease markedly slowed. This indicates that the four-category model did not show significant improvement over the three-category model in terms of AIC, BIC, and aBIC indices. Additionally, the four-category model is merely an extension of the three-category model and did not provide new theoretical contributions. When profiles have similar theoretical meanings, a simpler profile model should be selected. Therefore, based on the fit indices and the practical significance of the latent categories, the three-category model was ultimately chosen as the best model. See Table 2.



TABLE 2 Results of the latent class growth mixture model (LGMM) for cognitive levels.
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4.3 Cognitive trajectory groupings for older adults with dual sensory impairment

The LGMM model with three categories estimated the following results: Group C1: This group had the highest average cognitive score (α = 19.067, p < 0.001) and exhibited a stable trend (β = −1.296, p < 0.001). It was named the High Cognitive Level Stable Group, comprising 33.8% of the sample. Group C3: This group had a higher baseline average cognitive score (α = 14.593, p < 0.001) but showed a rapid decline (β = −3.184, p < 0.001). It was named the Medium Cognitive Level Rapid Decline Group, comprising 36.3% of the sample. Group C2: This group had a lower average cognitive score (α = 6.126, p < 0.001) and a faster decline (β = −1.977, p < 0.001). It was named the Low Cognitive Level Slow Decline Group, comprising 29.9% of the sample. The cognitive level development trajectories are shown in Figure 2. The estimated values and test results for the intercepts and slopes of each latent cognitive level category are presented in Table 3.

[image: Figure 2]

FIGURE 2
 Cognitive trajectory of older adults with dual sensory impairment.




TABLE 3 Intercept and slope estimates and test results for each latent class of cognitive levels in older adults with dual sensory impairment.
[image: Table3]



4.4 Univariate analysis of cognitive level categories in older adults with dual sensory impairment

The results of the univariate analysis showed significant differences between the categories in terms of age, gender, marital status, years of education, alcohol consumption, sleep duration, disability status, retirement status, depression, social participation, number of chronic diseases, self-rated health, and health insurance. Compared to the High Cognitive Level Stable Group, the Low Cognitive Level Slow Decline Group and the Medium Cognitive Level Rapid Decline Group had a higher proportion of individuals aged 60 and above (38.68% vs. 57.34% vs. 79.57%). Among the three groups, the Medium Cognitive Level Rapid Decline Group had the highest proportion of females (65.81% vs. 58.20% vs. 48.88%). Rural residents were more prevalent in all three groups, with the highest proportions in the Low Cognitive Level Slow Decline Group (70.76%) and the Medium Cognitive Level Rapid Decline Group (72.46%). There were also differences in years of education among the groups. The High Cognitive Level Stable Group had a higher proportion of individuals with 6 or more years of education compared to the Low Cognitive Level Slow Decline Group and the Medium Cognitive Level Rapid Decline Group (54.85% vs. 18.36% vs. 4.08%). In the Medium Cognitive Level Rapid Decline Group, a large proportion had 6 or fewer years of education (95.92%). Compared to the High Cognitive Level Stable Group, individuals in the Low Cognitive Level Slow Decline Group and the Medium Cognitive Level Rapid Decline Group experienced more severe disability, shorter sleep duration, and less social participation.



4.5 Multivariate analysis of cognitive level categories in older adults with dual sensory impairment

In this study, the three latent cognitive level trajectory categories were used as dependent variables, with the “Low Cognitive Level Slow Decline Group” serving as the reference group, in a multivariate unordered logistic regression analysis. The multivariate analysis results showed: High Cognitive Level Stable Group: Compared to the Low Cognitive Level Slow Decline Group, individuals in the High Cognitive Level Stable Group were more likely to report good or average self-rated health (OR = 1.909; 95% CI: 1.373–2.653; p < 0.001), no disability (OR = 1.613; 95% CI: 1.146–2.271; p < 0.006), being married (OR = 2.122; 95% CI: 1.457–3.090; p < 0.001), and high social participation (OR = 0.499; 95% CI: 0.379–0.658; p < 0.001). Medium Cognitive Level Rapid Decline Group: Compared to the Low Cognitive Level Slow Decline Group, individuals in the Medium Cognitive Level Rapid Decline Group were more likely to have low education years (OR = 0.090; 95% CI: 0.063–0.570; p < 0.003), consume alcohol (OR = 1.965; 95% CI: 1.558–2.479; p < 0.001), lack health insurance (OR = 0.310; 95% CI: 0.168–0.571; p < 0.001), and have short sleep duration (OR = 0.602; 95% CI: 1.558–2.479; p < 0.003). See Table 4 for details.



TABLE 4 Logistic regression analysis of factors affecting cognitive level changes in older adults with dual sensory impairment.
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5 Discussion

This study analyzed the cognitive function trajectories over 8 years among middle-aged and older adults individuals aged 45 years and above with dual sensory impairment in China, using nationally representative CHARLS survey data. The findings revealed that most individuals with dual sensory impairment exhibited a decline in cognitive trajectories, with approximately one-quarter already showing signs of mild cognitive impairment at baseline. Therefore, analyzing the cognitive function trajectory changes and associated predictive factors in older adults with sensory impairments is of great significance for preventing and improving cognitive impairment in this population.


5.1 Cognitive function heterogeneity among older adults with dual sensory impairment

Regarding cognitive trajectories, there is heterogeneity in the cognitive trajectories of different middle-aged and older adults individuals. A study on cognitive function trajectories in individuals aged 55 years and older (24) identified three distinct trajectories: “persistently low cognitive function” (22.2%), “persistently moderate cognitive function” (37.9%), and “persistently high cognitive function” (39.9%). Additionally, other studies (25) classified cognitive trajectories into stable average, high and stable, and declining trends, with the overall decline trend being less than 10%. Notably, our study found that 36.3% of middle-aged and older adults individuals with dual sensory impairment belonged to the group with rapidly declining cognitive trajectories, significantly higher than the proportions reported in the aforementioned studies. This aligns with findings from a European study on older adults (26), indicating that cognitive decline in individuals with dual sensory impairment is more pronounced than in those with either visual or hearing impairment or no sensory impairment. Hypotheses have been proposed to explain the association between sensory and cognitive functions. According to the sensory deprivation hypothesis suggests (27) that prolonged reduction in sensory input leads to neuronal atrophy, resulting in cognitive decline in this population.

Our study demonstrates that middle-aged and older adults individuals aged 45 years and above in China with dual sensory impairment also exhibit multiple cognitive function development trajectories. This supports the hypothesis that cognitive function development among older adults with sensory impairments is a heterogeneous process rather than a homogeneous average process. In our study, the degree of cognitive decline varied among different subgroups. Specifically, individuals who were middle-aged (45–59 years), free from chronic diseases, highly educated (education years >12), had high social participation, and were free from disability were more likely to maintain good and stable cognitive function levels. Conversely, those who were older (60 years and above), had multiple chronic diseases (≥2), were less educated (education years <6), had low social participation, slept less than 4 h at night, consumed alcohol regularly, and mostly lived in rural areas were more likely to experience rapid cognitive decline. Therefore, communities should include vulnerable groups at risk of cognitive decline in high-risk populations for regular cognitive impairment screening, with particular attention to special populations such as those with visual and hearing impairments.



5.2 Predictive factors for cognitive function trajectories in older adults with dual sensory impairment


5.2.1 Health factors

Using the low cognition and slow decline group as the reference group, this study found significant differences in predictive factors between the stable high cognition group and the rapid middle cognition decline group. In the stable high cognition group, self-rated health, the number of chronic diseases, pain, and disability were statistically significant. This may be because, in the rapid middle cognition decline group, cognitive function might have already been significantly impaired, with the disease progressing to a stage where other health factors (such as brain structural changes or neurodegenerative diseases) primarily drive the cognitive decline process. At this stage, factors like chronic disease, pain, or disability have relatively less impact and are insufficient to significantly alter the trajectory of cognitive function.

This study revealed that sensory-impaired older adults aged >60 years and those with disabilities are more likely to experience cognitive deterioration, consistent with previous research findings (28). As with many chronic diseases, aging is the most significant factor influencing the development of Alzheimer’s disease and related dementias (29). Even among older adults without lifelong dementia, cognitive decline and neurodegenerative changes become evident with age, driven by shared pathophysiological mechanisms such as abnormal autophagy, mitochondrial dysfunction, cellular senescence, epigenetic changes, cerebrovascular dysfunction, inflammation, and lipid dysregulation (30). Furthermore, disabled older adults often experience limited physical functionality, preventing them from engaging in normal daily activities and exercise. This lack of activity leads to insufficient brain stimulation, particularly in areas critical for cognitive functions such as memory, attention, and executive function (31). Prolonged physical inactivity is also associated with reduced brain plasticity, thereby accelerating cognitive decline (32).



5.2.2 Individual lifestyle

At the individual lifestyle level, this study found that alcohol consumption and sleeping less than 4 h per night had an impact on cognition. Compared to non-drinkers, those who consumed alcohol were more likely to experience cognitive decline, consistent with a longitudinal study in the United States on older adults with dual sensory impairment (33). This study found that long-term alcohol consumption is associated with an increased risk of Alzheimer’s disease and other forms of dementia. Excessive drinking, in particular, can have direct toxic effects on the brain, leading to neuronal damage, reduced brain volume, and especially hippocampal atrophy, a region closely related to memory and cognitive function (34). Additionally, alcohol can induce neuroinflammation, oxidative stress, and apoptosis, further accelerating cognitive decline (35). Avoiding alcohol consumption can mitigate these risks, thus serving as a protective factor for maintaining cognitive stability. However, a recent meta-analysis (36) suggested a U-shaped association between alcohol consumption and dementia risk, with the lowest risk observed at four drinks per week, while consuming 23 or more drinks per week was associated with higher dementia risk. Another dose–response meta-analysis (37) identified a nonlinear (J-shaped) association between alcohol intake and the risk of cognitive impairment and dementia. These findings highlight ongoing debates about the dose–response relationship between alcohol consumption and cognitive function. Further research is needed to explore the relationship between alcohol consumption and six specific domains of cognitive impairment. In providing alcohol consumption guidance for older adults with dual sensory impairment, it is important to assess drinking behaviors and cognitive dimensions comprehensively and, based on individual circumstances, encourage either abstinence or moderate drinking.

This study also found that individuals sleeping less than 4 h per night were more likely to fall into adverse cognitive trajectories (low baseline cognition with deterioration). A quantitative meta-analysis showed that both insufficient sleep duration (<4 h per night or total daily sleep) and excessive sleep (>10 h per night or >12.5 h total daily sleep) increase the risk of all-cause cognitive impairment and Alzheimer’s dementia (AD) (38), consistent with our findings. However, another study suggested a general J-shaped relationship between objective sleep duration and cognitive performance, where the association between short objective sleep duration (<6 h) and poor cognitive function was not statistically significant (39). This inconsistency may be due to sleep duration data often relying on self-reports, as well as differences in study populations from various regions, countries, and ethnic groups, leading to variability in sleep characteristics (e.g., time in bed, sleep duration, and daytime sleepiness). The potential mechanism by which short sleep duration leads to cognitive decline is associated with higher incidence rates of gray matter atrophy in the frontal and temporal lobes among older adults, which may impair memory in individuals with dual sensory impairment (40). A large longitudinal study (41) investigated the prospective impact of changes in sleep duration on sensory impairments in individuals aged ≥65 years. It found that individuals with persistently short or long sleep durations were at higher risk of sensory impairment compared to those with normal sleep durations. These findings confirm the close and bidirectional relationship between sleep duration, sensory impairment, and cognitive function. Therefore, attention should be paid to the sleep patterns of older adults with dual sensory impairment. Promoting physical exercise is a simple strategy to address sleep problems in older adults, as it facilitates relaxation and increases core body temperature, aiding in the initiation and maintenance of sleep (42).



5.2.3 Social and community networks

In the realm of social and community networks, older adults with dual sensory impairments who are unmarried (including widowed and divorced) and lack social activities are more likely to experience cognitive decline. Compared to married individuals, unmarried older adults are more prone to cognitive deterioration, which is consistent with findings from a study in the United States (43), this study found that married individuals performed better in memory assessments and had a lower risk of dementia compared to cohabiting, single, divorced, and widowed individuals. Existing research (44) attributes cognitive decline related to marital status to two main causal models: the resource model and the stress model. The resource model posits that the loss of marriage results in a loss of financial, social, practical, and emotional resources, which increases the risk of cognitive decline. The stress model suggests that losing a partner introduces stress, such as grief and adapting to new daily routines, which also heightens the risk of cognitive decline. However, some studies (43, 45) indicate that the type of marital loss affects cognitive function differently, with some individuals experiencing improved cognition while others deteriorate. Divorced individuals tend to perform better, while widowed or separated but not divorced individuals show worse outcomes. This study, constrained by database limitations, only examined the effects of marital status on cognition in those with sensory impairments, without considering other types of marital loss. Future research could provide a more detailed and comprehensive analysis of how different types of marital loss affect cognitive function.

Social engagement, as one of the three pillars of successful aging, is a critical pathway to achieving positive aging (46). Previous research has often overlooked social participation among individuals with sensory impairments. This study found that good social engagement is associated with a greater likelihood of experiencing positive cognitive trajectories in older adults. Individuals typically rely on both visual and auditory senses to perform tasks in daily life and social activities. For those with dual sensory impairments, declines in auditory and visual functions restrict their social interactions, and the long recovery process for sensory impairments can lead to feelings of loneliness and frustration. This often results in reduced outdoor social activities, and prolonged social isolation contributes to cognitive decline (47). Related research suggests that experiences of loneliness can alter brain activity in areas associated with vision, attention, and emotional processes (48, 49), another explanation is that insufficient social interaction may affect neurogenesis and synaptic density, reducing the brain’s ability to compensate for neurodegenerative damage related to Alzheimer’s disease (48). These findings underscore the importance of incorporating social engagement as an intervention before or during the preclinical stage of dementia. Therefore, communities and families can enhance indoor engagement by improving accessibility, leveraging urban and rural advantages to create social exchange platforms for individuals with sensory impairments, exploring various forms of social activities, and actively encouraging participation to improve social engagement and potentially mitigate or delay cognitive decline.



5.2.4 Structural social factors

This study found that years of education and retirement status influence cognitive trajectory development. Higher education levels help slow cognitive decline in older adults. Current evidence suggests (50) that education enhances cognitive abilities by building a broad foundation of specific knowledge and skills, which, in turn, influence various cognitive abilities across development. Studies have shown (51) that compared to individuals with lower educational attainment, highly educated older adults exhibit greater cortical thickness in brain regions such as the cingulate cortex, transverse temporal cortex, insula, and isthmus. This supports greater brain reserve, which allows individuals with high cognitive reserve to prevent or delay β-amyloid deposition (52), mitigating the impact of age-related brain changes on cognitive function. Additionally, older adults with sensory impairments and higher education levels may utilize cognitive resources to compensate for sensory loss, thereby delaying cognitive decline (53). However, educational attainment is a relatively immutable risk factor. In the context of the digital age, families and communities can teach middle-aged and older adults individuals to use digital devices, such as smartphones, and leverage multimedia tools to help them access more knowledge.

This study also found that retired older adults exhibited lower cognitive levels. This may be attributed to sensory-impaired older adults individuals experiencing a dual loss of social status and bodily autonomy shortly after retirement, leading to heightened feelings of social isolation and deprivation of physical self-control. These factors negatively impact their mental health, thereby affecting cognitive levels (54). During employment, work often requires continuous cognitive activities such as thinking, decision-making, and problem-solving, which help keep the brain active. After retirement, the reduction in cognitive stimulation may lead to decreased brain activity, triggering cognitive decline (55). To prevent this, it is recommended that older adults actively engage in social activities, seek new cognitive challenges, and pursue learning opportunities post-retirement. Maintaining a positive psychological state can help delay cognitive decline.



5.2.5 Macro-social conditions

The regression analysis of macro-social conditions affecting the cognitive levels of older adults with dual sensory impairment revealed that both residential location and type of medical insurance played protective roles. Older adults with dual sensory impairment living in urban areas and participating in urban employee medical insurance demonstrated relatively better cognitive levels. This may be attributed to the prioritization of urban areas by the national and local governments in China, leading to better economic development, public health infrastructure, and policy implementation compared to non-urban areas. Studies have shown that approximately 80% of China’s medical and healthcare resources are concentrated in urban areas, potentially limiting the accessibility of medical insurance for rural older adults populations and exacerbating health inequalities between urban and rural areas (56). As China’s aging population continues to grow, particularly among the oldest-old, health risks for older adults are increasing, driving a significant rise in the demand for healthcare services. In response, it is imperative for all regions to actively implement the directives of the Healthy China 2030 Plan and the 14th Five-Year Plan for Healthy Aging. These initiatives emphasize addressing the health challenges faced by key populations, such as older adults, improving older adults healthcare services, and promoting healthy aging. To achieve these goals, advancing the integration of urban and rural health insurance schemes should be a priority.




5.3 Strengths and limitations

This study utilized data from the latest nationally representative CHARLS survey released in 2020 to investigate cognitive trajectory changes in middle-aged and older adults individuals with dual sensory impairment. Based on the “Social Determinants of Health” model, it comprehensively and multidimensionally explored the predictive factors of cognitive levels in this population and proposed multidimensional strategies to improve their cognitive function.

However, this study has certain limitations. First, while it contributes to identifying risk factors for cognitive function among Chinese individuals aged 45 and above with sensory impairments, most of the risk factors are self-reported. Recall bias is unavoidable, as participants might overestimate or underestimate their visual and auditory abilities. Future research should incorporate objective assessments of hearing and vision, such as pure-tone audiometry, distance and near vision tests, and contrast sensitivity measurements, to validate and expand upon the findings of this study. Secondly, this study only assessed hearing and vision conditions at baseline, making it difficult to understand the dynamic changes in hearing, vision, and cognitive levels over time. Future studies should explore the bidirectional dynamic trajectories of hearing, vision, and cognitive impairments using longitudinal study designs with multi-trajectory modeling methods to evaluate how these conditions progress simultaneously. Finally, although this study demonstrates an association between hearing and vision impairments and cognitive levels, reverse causality may exist. To reduce this possibility, participants with very low baseline cognitive scores were excluded. However, this does not entirely eliminate the potential for confounding factors and reverse causality. Future studies should include larger populations with dual sensory impairments and conduct multicenter studies with large samples to verify these findings. Despite these limitations, the CHARLS database used in this study covers nearly all regions of China and is nationally representative. The predictive factors identified for the impact of dual sensory impairment on cognitive trajectories provide a reliable basis for further research.




6 Conclusion

In summary, this study found that older adults with dual sensory impairment aged 45 and above in China exhibit various cognitive development trajectories, indicating a heterogeneous process. Over the eight-year period, most of these older adults showed a decline in cognitive ability, with a significant proportion starting with already low baseline cognitive function. Factors such as nighttime sleep of less than 4 h, low social participation, alcohol consumption, and lack of health insurance are modifiable risk factors for cognitive decline in this population. Therefore, preventive strategies should be developed accordingly, particularly targeting vulnerable groups, including older adults rural residents and those with lower educational levels.
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information entropy; LMR, Lo-Mendell-Rubin likelihood ratio test; BLRT, Bootstrap likelihood ratio test.
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