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Editorial on the Research Topic
 Aging-friendly environments and healthy aging





Introduction

Considering the rapid aging of the global population and the increasing burden of age-related diseases, it is imperative to identify modifiable risk factors for healthy aging and implement early interventions. Age-friendly environments play a crucial role in determining the quality of aging (1, 2). Extensive research has demonstrated that the aging process and the onset of diseases are influenced by complex interactions between individuals and their physical and social surroundings (3). These include factors such as neighborhood characteristics, exposure to indoor and outdoor air pollution, availability of social support, and access to the Internet. Notably, older adults are particularly susceptible to health issues resulting from adverse environmental conditions. Therefore, the objective of this Research Topic was to provide recommendations for future research and policy interventions that promote healthy aging and foster age-friendly environments. The Research Topic, titled “Aging-friendly environments and healthy aging,” encompasses 25 articles, primarily focusing on three key areas: the physical environment, the social environment, and the assessment and determinants of healthy aging.



Physical environment

In this Research Topic, five papers investigated the associations between the physical environment and the health of older individuals, including extreme weather conditions, outdoor air pollution, and household/indoor air pollution. Vulnerable older populations face increased health risks due to climate change and ambient weather conditions. Lv et al. found that higher temperatures and lower relative humidity are linked to cataract formation in older adults, emphasizing the importance of addressing eye health issues related to drastic climate change in order to reduce the prevalence of cataracts and other eye diseases among older adults. Wang et al. demonstrate that both lower and higher ambient temperatures exacerbate pain perception in patients with disc herniation. These studies highlight the need to address climate change and enhance older adults' resilience to weather-related health risks to promote healthy aging.

Can environmental improvements effectively address cognitive impairment among older populations? A population-based, quasi-experimental study implemented China's Clean Air (CCA) initiative and suggested that it may mitigate the risk of air pollutant-associated cognitive aging among older adults (3). Zhang et al. indicated that an increase in green space coverage, an improvement in socioeconomic conditions, and increased participation in physical and social activities can benefit older adults' cognitive function. These studies provide scientific evidence that improving residential environments can potentially alleviate cognitive impairment in the future.

Furthermore, household air pollution (HAP) exposure resulting from the residential combustion of solid fuels remains a major health concern. Ma et al. examined the time trends of stroke mortality attributable to HAP in China and India. Their findings suggest that stroke death risks attributed to HAP have decreased in both countries, likely due to the reduction in the use of solid fuels, and this trend is also observed globally (4). However, there are still concerns regarding the uneven distribution of HAP-attributable strokes and the existing gap between the UN sustainable development goals on solid fuel use and the current situation.

Aside from HAP, indoor air temperature, lighting, and acoustics have an important impact on the health and quality of life of older people. Mu and Kang explored the relationship between the indoor environment of residential elderly care facilities in cold regions and the sensitivity of the old people to such facilities. The study findings indicated that participants were satisfied with the indoor environmental quality of the facilities, which was influenced by physical, environmental, and demographic factors. This study provides valuable insights for the design of other residential care facilities catering to older populations.



Social environment

With the advent of the information age, the internet has become an important part of older adults' daily life and has also had a significant impact on their health. Li, Yue, Xiao found that Internet use may have a protective effect against mild cognitive impairment, potentially preventing cognitive decline in older individuals by influencing the volume of the globus pallidus. Similarly, Chen W.-c. et al. found that Internet use is associated with a positive impact on old people's self-rated health, physical health, and mental health. The COVID-19 pandemic has also stimulated interest in online health services among older people. Li, Shen, et al.'s study indicated that older adults expressed high satisfaction with the choice and management of medical resources through online platforms, influenced both by the pandemic's external factors and their own internal intentions. However, evidence has also shown that older individuals are more likely to face exclusion from the digital world, which is associated with poorer health outcomes (5). Therefore, in addition to highlighting the potential benefits of internet use for healthy aging, these studies suggest that governments and social institutions should improve elderly internet accessibility and enhance their use of technology to create a more digitally inclusive society.

Social support is another crucial factor in the health of older individuals. Li D. et al. examined the association between social support, physical and mental health, and the moderating effect of the community environment in Chinese older adults. Their study demonstrated that both formal and informal social support significantly influenced the physical and mental health of Chinese older adults. This research suggests the need for continued efforts to strengthen formal and informal social support provided to older adults and build a community-based care system that allows the community environment to moderate the relationship between social support and the health of older adults. Additionally, Cui et al. found that social support and health status also influenced the living arrangement preferences of older individuals, which is a crucial factor affecting their quality of life in late life.

Material and spiritual support from adult children is a vital component of social support necessary for older parents to cope with functional decline. According to Chen J. et al., contact with children (CCT) and satisfaction significantly predicted healthy aging. These findings highlight the importance of maintaining and increasing the frequency and satisfaction of parents' monthly contact with their children for healthy aging.

Government policies, such as vaccination campaigns during the COVID-19 pandemic, are well-known to protect the health of older individuals (6). Fan et al. provided evidence of the positive effects of the Urban and Rural Residents' Basic Medical Insurance (URRBMI) policy, which improved health outcomes for rural residents and reduced health disparities between rural and urban populations. Their study demonstrated that the implementation of the URRBMI policy contributed to promoting health equity. Another article by Tan et al. investigated Singapore's experience in developing regulations to govern assisted living facilities. Although still in the early stages of development in Singapore, assisted living is a viable care model that should be expanded to meet the increasing demand for care from the growing number of older populations.



Assessment and determinants of healthy aging

According to the World Health Organization (WHO), healthy aging is defined as “the process of developing and maintaining the functional ability that enables wellbeing in older age” (7). However, there is currently no consensus on the measurement of healthy aging (8), and the determinants of healthy aging can vary depending on various factors (9).

Gao et al. have developed and validated a multidimensional population-based healthy aging scale (HAS), which included five dimensions: sensory capacity, cognitive capability, psychological capacity, locomotion capacity, and activities of daily living, which are validated to be reliable and valid measures for assessing healthy aging in older Chinese adults. This study provides a new tool to assess healthy aging in China. Another multidimensional disability indexes constructed by Han et al. include three aspects: individual, care resources, and social interactions. They found that among older adults living in communities, disability prevalence is high, and it has been associated with factors such as age, gender, education level, and chronic diseases. Thus, interventions that address these factors may be able to improve the functional ability and quality of life of older adults with disabilities in China.

Multiple determinants and potential pathways throughout the life course are associated with healthy aging. Two articles examine the prevalence of multimorbidity and frailty, which are critical risk factors for many age-related diseases. According to Chen S. et al., multimorbidity is prevalent among older Chinese adults, and the prevalence has more than doubled since 1998. It provided insight into the geographic distribution and temporal trends of multimorbidity in China and identified different patterns of multimorbidity. Li S. et al. studied the prevalence trajectory of frailty among older adults in China and analyzed the effects of age, period, and cohort. It was found that more recent cohorts exhibited a lower prevalence of frailty, indicating that social and environmental factors contribute to frailty development.

With the extension of global life expectancy and the increase in the older population, cognitive impairment and dementia have become serious problems worldwide. Finding modifiable intervention factors has become one of the key topics in the field of geriatric medicine. Li, Yue, Sun, et al. found that AST/ALT ratio may be a useful biomarker for predicting cognitive impairment in older adults based on three different clinical cohorts. Li and Yan found that older adults aged ≥60 years with napping < 30 min per day may be at lower risk of cognitive decline. This finding is useful for doctors to provide daytime napping recommendations for older people and help clinicians to identify the older people at risk of cognitive decline. Kim and Yeom investigated the detrimental impact of being underweight or overweight on cognitive function is heterogeneous by sex or cardiovascular risk. The findings from this study highlight useful assessment of BMI for groups of individuals who face a higher risk of cognitive decline from a change in BMI above the threshold. Moreover, Wu et al. found that declining cognitive trajectories were significantly associated with a higher risk of dementia and mortality. This study suggests that monitoring cognitive trajectories may be useful in identifying older adults at increased risk of adverse outcomes and intervening to improve their health.

Are cardiovascular risk factors and sleep complaints associated with insulin resistance (IR)? Podlipskyte et al. found that the major cardiovascular risk factors such as obesity, arterial blood pressure, and triglyceridemia, as well as sleep complaints, are more frequently observed in the IR group. Heimrich et al. explored interesting factors that determine why some older adults feel younger than their actual age. Several factors were identified as significant predictors of feeling younger in older adults, including more physical activity, a positive attitude toward aging, a higher standard of living, a better state of health, a higher level of satisfaction with life, and a better psychological wellbeing.

Falls prevention and bone mineral density (BMD) research in older people have also received attention. A prospective cohort study by Duan et al. aimed to explore the relationship between health-related physical fitness (HRPF) and falls. Based upon the findings of this study, the authors found that age, activity-specific balance confidence, and fitness abnormalities are all factors that contribute to the incidence of falls. Xiao et al. found that low-density lipoprotein cholesterol (LDL-C) levels were negatively correlated with lumbar bone mineral density (BMD) in young and middle-aged individuals, especially those individuals who were overweight and aged 30–49 years. The BMD of these individuals should be closely monitored and early intervention may be required.



Perspectives

We summarized 25 articles across three domains: physical environment, social environment, and assessment and determinants of healthy aging. This Research Topic emphasizes the importance of constructing an aging-friendly environment and identifying as well as addressing modifiable risk factors for healthy aging. These papers provide valuable insight into the components of age-friendly environments and their impact on healthy aging outcomes. There is still a long way to go before we can create age-friendly environments and promote healthy aging for the entire population across the globe, given the substantial disparity in social development and health equity. The following recommendations may be helpful for future research:

• A comprehensive study of the environmental factors that contribute to healthy aging on both an individual level (e.g., genetics, lifestyle, and health behaviors) and at community level (e.g., socioeconomic status, social capital, and cultural norms). For the purpose of advancing age-friendly environments and promoting health in old age, more longitudinal observational and interventional studies are needed, which will provide higher levels of evidence. The cultural differences and health inequalities should be noted, which refer to differences in environmental factors between countries, such as the environmental factors present in countries with varying income levels.

• Establish evidence-based practices that can be adapted to different populations by developing reliable and valid measures evaluating the impact of aging-friendly environments on the health of older adults, as well as on wider societal outcomes, including healthcare costs and workforce participation.

Pay attention to the effect of cultural and social norms surrounding aging, such as stigma, ageism, and discrimination. It is crucial to address these biased attitudes and promote positive perceptions of aging in order to create an social environment that is age-friendly.
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Background: Multimorbidity presents an enormous problem to societal and healthcare utilization under the context of aging population in low- and middle-income countries (LMICs). Currently, systematic studies on the profile of multimorbidity and its characteristics among Chinese elderly are lacking. We described the temporal and spatial trends in the prevalence of multimorbidity and explored chronological changes of comorbidity patterns in a large elderly population survey.

Methods: Data were extracted from the Chinese Longitudinal Healthy Longevity Study (CLHLS) conducted between 1998 and 2018 in a random selection of half of the counties and city districts. All the elderly aged 65 and older were included in the survey of eight waves. We used 13 investigated chronic diseases to measure the prevalence of multimorbidity by means of geography, subpopulation, and chronological changes. The patterns of multimorbidity were assessed by computing the value of relative risk (RR indicates the likelihood of certain diseases to be associated with multimorbidity) and the observed-to-expected ratio (O/E indicates the likelihood of the coexistence of a multimorbidity combination).

Results: From 1998 to 2018, the prevalence of multimorbidity went from 15.60 to 30.76%, increasing in the fluctuation across the survey of eight waves (p for trend = 0.020). Increasing trends were observed similarly in a different gender group (p male = 0.009; p female = 0.004) and age groups among female participants (p~80 = 0.009; p81−90 = 0.004; p91−100 = 0.035; p101~ = 0.018). The gap in the prevalence of multimorbidity between the north and the south was getting narrow across the survey of eight waves. Hypertension was the highest prevalent chronic condition while diabetes was most likely to coexist with other chronic conditions in the CLHLS survey. The most frequently occurring clusters were hypertension and heart disease, hypertension and cataract, and hypertension and chronic lung disease. And, the cancer, TB, and Parkinson's disease cluster took the domination of O/E rankings over time, which had a higher probability of coexistence in all the multimorbidity combinations.

Conclusions: The prevalence of multimorbidity has been increasing nationwide, and more attention should be paid to a rapid growth in the southern part of China. It demands the effective diagnosis and treatment adopted to the highly prevalent comorbidities, and strategies and measures were adjusted to strongly relevant clusters.

Keywords: multimorbidity, pattern, prevalence, older adults, LMICs


HIGHLIGHTS

- Our findings indicated an increasing trend with fluctuations in the prevalence of multimorbidity among the older Chinese adults, as is similar to different age, sex, and region groups.

- We identified several important disease combinations, including a highly prevalent hypertension cluster, likely to coexist the diabetes cluster and the cancer, TB, and Parkinson's disease cluster.

- Our study indicated further etiological studies, the generation of prevention strategies, and the formulation of public health policies on the multimorbidity for LMICs.



INTRODUCTION

Multimorbidity is defined as the coexistence of more than two chronic diseases or long-term conditions, which can only be controlled by medications or other treatments and should not be treated in isolation (1). Multimorbidity has emerged as a substantial challenge to the global health system presently and in the coming decades, in association with high mortality (2), reducing quality of life (3), resulting in frailty (4), and other major consequences (5, 6). A few studies showed that there were more people with multimorbidity than those with single disease alone in a large-scale and national cross-sectional study (7). And, the complexities in multimorbidity make it increasingly difficult to provide optimal care, existing health systems are dominated by single-disease approaches in which patients with multimorbidity are treated in a duplicative and an isolated approach (8). Therefore, the importance of studies on multimorbidity should be emphasized, facilitating the implementation of comprehensive treatment.

The issue of multimorbidity is partly driven by the aging of the global population, including having social care implications on account of the risk of function decline and loss of independence with older age (9). Aging is usually accompanied by chronic disease (10), and it developed multimorbidity (11, 12) eventually. China, as the largest middle-income country, went through a rapid economic development as the reform and opening up in the past 20 years. Similar to most low- and middle-income countries (LMICs) around the world, China has witnessed an unprecedented upward swift in life expectation and the stage of aging population (13). The number of older people aged between 65+ and 80+ in China is expected to grow to 400 and 150 million by 2050 (14), respectively. The aging demographic transformation resulting in a high prevalence of multiple chronic diseases or conditions presents an enormous problem to societal and healthcare utilization (15).

Previous evidence on multimorbidity was based on the cross-sectional studies of sampling specific populations in various settings, in which studies covering representative nationwide sample size are far from adequate (16, 17). There is no evidence on the variation trends and pattern analysis based on a longitudinal study design in LMICs, which is conducive to global public health actions. Our purpose was to describe the temporal and spatial trends in the prevalence of multimorbidity and explore chronological changes of comorbidity patterns in a large elderly population survey.



MATERIALS AND METHODS


Sample and Data

The data of this study were derived from the eight waves of the Chinese Longitudinal Healthy Longevity Study (CLHLS), which is the earliest and longest social science survey in China. Briefly, the CLHLS collected longitudinal data on the elderly aged 65, and it was over-coordinated by the Center for Healthy Aging and Development Studies of National School of Development at Peking University. The surveys were started from 1998 and followed up in 2000, 2002, 2005, 2008, 2011, 2014, and 2018, covering about half of the counties and city districts in 23 of the 34 Chinese provinces. More details about CLHLS were described elsewhere (18). The data include individual weighting variables to ensure whether they are nationally representative. For this study, there were 9,093, 11,199, 16,064, 15,638, 16,954, 9,765, and 7,192 participants included in each wave survey after processing the missing values. The demographic characteristics of sample respondents across the eight waves are presented in Supplementary Table 1.



Variables

The questionnaire data provided information on demographic factors, physiological and psychological health status, the prevalence of chronic disease, and socioeconomic characteristics. Face-to-face home-based interviews were conducted by the trained staff. For this study, all participants who aged more than 65 years were included with complete records on essential information. The essential information consisted of age, gender, residence, province, and chronic diseases or conditions.

As shown in Supplementary Table 2, the chronic diseases or conditions investigated across the eight surveys included the following 13 self-reported chronic diseases or conditions investigated in each wave: hypertension, diabetes, heart disease, stroke or CVD, chronic lung disease (bronchitis, emphysema, pneumonia, and asthma), TB, cataract, glaucoma, cancer, prostate tumor, gastric or duodenal ulcer, Parkinson's disease, and bedsore. Accordingly, acute or subacute forms of certain conditions were excluded by the CLHLS protocol. Multimorbidity was calculated by using the criterion of ≥2 conditions of the 13 chronic conditions list (7). The prevalence of single disease and multimorbidity was weighted according to the sampling probabilities, which were based on the age–sex–residence-specific distribution from the CLHLS study.



Statistical Analysis

We described the demographic characteristics across the eight CLHLS survey waves to understand the whole situation of the study population. Descriptive statistics were analyzed and presented as medians [interquartile range (IQR)] for non-normally distributed continuous data and frequencies (percentage) for categorical data.

We calculated the prevalence of multimorbidity by the totality and subpopulations across the survey of eight waves. Weight was calculated based on the age–sex–residence-specific distribution from the CLHLS study. In addition to weight total prevalence, χ2 test, and Mann–Kendall trend test were applied to identify the difference of multimorbidity in the subpopulation and chronological change, respectively. To visualize the trends in the prevalence of multimorbidity, percentage bar plot, pyramid of multimorbidity, and the map of distribution were drawn by the packages “ggplot2” and “plotrix.”

To explore the patterns of multimorbidity, the first step was to find out the trends in the prevalence of singular conditions. We computed the weighted prevalence of singular conditions using the waves. The second step was to calculate Relative risk (RR), which was calculated as the prevalence of certain diseases in the multimorbidity group divided by the prevalence of certain diseases in the non-multimorbidity group. The higher the RR value, the higher the probability of the disease coexisting with other diseases. The heatmap of RR of singular conditions and of a biaxial figure was presented by the packages “plotrix” and “pheatmap,” respectively.

The final step was to compute the observed-to-expected (O/E) ratio defined as an indicator for assessing the correlation between diseases or conditions, which is determined as Observed prevalence divided by Expected prevalence. Expected prevalence of multimorbidity combination equals the product of the prevalence of separate diseases if these diseases are completely independent of each other. The probability of coexistence of chronic conditions increased with the elevation of the O/E value. We calculated 78 dyad combinations possible given the 13 different chronic conditions considered in this study and presented the five highest O/E multimorbidity combinations.

All the analyses were performed using Excel (version 2019) and R (version 4.0.3). The values of p < 0.05 were considered to be statistically significant.




RESULT


Trends in Prevalence of Multimorbidity

There is an increasing tendency with the fluctuation in the adjusted prevalence of multimorbidity, which increased from 15.60% in 1998 to 30.76% in 2018 (p = 0.020). Figure 1 shows the proportion of participants aged over 65 according to morbidity numbers. The proportion of respondents who suffered from none of the 13 chronic conditions decreased from 55.05% in 1998 to 38.42% in 2018 (p = 0.004). The prevalence of multimorbidity in the subpopulation is displayed in Table 1. Similar to the total population, there was also a significant increasing trend in both male (p = 0.009) and female (p = 0.004). The prevalence of multimorbidity was relatively high in the 65–80-year-old group across time. There was a significant rise in tendency in the 81–90- (p = 0.004) and 91–100-year-old groups (p = 0.025). Further subpopulation analysis of multimorbidity pyramid is illustrated in Figure 2 and Supplementary Table 3. It can be seen that the trend was observed to be significant in each age group among female participants (p~80 = 0.009; p81−90 = 0.004; p91−100 = 0.035; p101~ = 0.018).


[image: Figure 1]
FIGURE 1. Percentage of the elderly suffering from the various number of chronic conditions across the survey of eight waves.



Table 1. Prevalence of multimorbidity by the subpopulations across the survey of eight waves.
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[image: Figure 2]
FIGURE 2. Pyramid of multimorbidity by gender and age catalog.


The spatial distribution of multimorbidity is shown in Figure 3. There was an indication that Beijing has the highest prevalence of multimorbidity in the first two survey waves (76.99%; 32.3%), and Shanghai leads in the following six survey waves. Its prevalence in the northeastern and north central part was higher than the southern part in China during 1998–2008, and the tendency became average till 2018. Supplementary Table 4 shows the prevalence of multimorbidity with the surveyed province across the eight waves. In the 1998 wave, 26.68% of the participants had multimorbidity in Shanghai and the proportion rose to 79.50% in the 2018 wave, an increasing trend was significant (p = 0.002). Similar trends were observed in Heilongjiang (p = 0.004), Shanxi (p = 0.009), Jiangsu (p = 0.004), Anhui (p = 0.019), Fujian (p = 0.035), Shandong (p = 0.009), and Hunan (p = 0.009).


[image: Figure 3]
FIGURE 3. The distribution of prevalence in different provinces for the survey of eight waves.




Trends in Prevalence of Chronic Conditions

Table 2 shows the weighted prevalence of single chronic disease or condition among the eight waves. Hypertension being the highest prevalence of all chronic conditions increased from 17.27% in 1998 to 44.33% in 2018. A similar increasing trend along with the eight waves in diabetes, heart disease, stroke or CVD, cancer, prostate tumor, and gastric or duodenal ulcer was observed. The decreasing trend was shown in the prevalence of the rest of conditions. For example, the prevalence of chronic lung disease decreased with the fluctuation from 13.73% in 1998 to 8.52% in 2018. As for Parkinson's disease, the highest prevalence was 1.13% in 2011 while the lowest was 0.3% in 2002 in the process of chronological change.


Table 2. Weighted prevalence of singular chronic disease or condition by the survey of eight waves.

[image: Table 2]

Figure 4 shows the RR values of single chronic disease or condition across the survey of eight waves. Among the 13 chronic conditions in this study, diabetes has the highest determined RR value. The RR of diabetes for the eight waves were 32.67, 23.01, 12.86, 17.44, 15.34, 16.50, 17.11, and 14.91, respectively, which meant that diabetes was more than 10 times likely to coexist with other chronic conditions. Apart from a decreasing trend of RR in diabetes, chronic conditions like stroke or CVD increased from 8.98% in 1998 to 10.51% in 2018 with the fluctuation over the 20 years.


[image: Figure 4]
FIGURE 4. Heatmap of relative risk (RR) of singular chronic disease or condition by the survey of eight waves.


The chronological change of prevalence and RR for some representative chronic conditions is displayed in Figure 5. There is no direct relationship between the RR value and the prevalence of the disease, judging from the inconsistency prevailing over the 20 years.


[image: Figure 5]
FIGURE 5. Weighted prevalence and RR of single chronic condition for the survey of eight waves.




Patterns of Multimorbidity

The five most prevalent and highest O/E multimorbidity combinations across the survey of eight waves are presented in Table 3. Hypertension appeared in three of the top 5 multimorbidity combinations during the 1998–2002 wave, rose to four of the top 5 multimorbidity combinations in the following three waves, and took up all the top multimorbidity combinations across the last two waves. Across the survey of eight waves, hypertension and heart disease, hypertension and cataract, and hypertension and chronic lung disease had been in the five most prevalent multimorbidity combinations. Hypertension and heart disease took the leading prevalence of the multimorbidity combinations, increasing from 2.34% in the 1998 wave to 9.82% in the 2018 wave (p = 0.002). A similar increasing trend was found in both the combination of hypertension and cataract and of hypertension and chronic lung disease (p = 0.035; p = 0.019). Chronic lung disease appeared prevalently in the first four survey waves and was replaced by a combination of hypertension and stroke or CVD.


Table 3. Prevalence and observed-to-expected ratio (O/E) of the five most common and prevalent multimorbidity combinations for the survey of eight waves.

[image: Table 3]

As for the lists ranked by the value of O/E, cancer had a decreasing tendency to be the main component of the multimorbidity combinations, while bedsore, TB, and Parkinson's disease played an increasing role across the survey of eight waves. The highest O/E ratios of the multimorbidity combination in the 1998 wave were cancer and bedsore (19.43), and descended to 12.05 in 2000, 7.09 in 2005, 6.42 in 2011, and 9.31 in 2014. Cancer and Parkinson's disease took the leading O/E ratio in the period of 2000, 2002, and 2005 waves, the value of which were 18.64, 6.77, and 8.70, respectively. Of the survey of eight waves, TB and cancer went from 14.57 to 5.8, and increased to the highest O/E ratio (10.37) of all the combinations in 2008, remaining at 10.11 after the fluctuation in 2011. TB and bedsore had the highest O/E ratio in 2011 (6.96) and 2018 (11.73), respectively. The top O/E ratio of combinations in the 2014 wave was the Parkinson's disease cluster (16.11).




DISCUSSION

Based on the CLHLS survey data, this large-scale, national representative study provided unique spatiotemporal characteristics of the prevalence and pattern of multimorbidity among the older population in a temporal and spatial distribution. The results indicated that there is an increasing trend in the prevalence of multimorbidity among Chinese elderly from 1998 to 2018. Besides, multimorbidity was more prevalent in the northern than that in the southern part, and the gap became narrowing over time.

The prevalence of multimorbidity estimated in this study was 30.76% in the 2018 survey wave, which was relatively low compared with current researches. A recent study based on the 2011–2015 CHARLS data included 19,841 participants aged at least 50 years, and the prevalence of multimorbidity was 42.4% (16). In recent studies, 22.3–68.9% among the elderly reported had multimorbidity worldwide (13, 17, 19–21). We found huge differences from previous findings about the estimated prevalence of multimorbidity varying substantially, on account of the differences in study design, eligible diseases included, and various analytical methods (22). Existing studies assessing the distribution of the prevalence or pattern of multimorbidity in China are either frequently based on restricted population with limited data sources [geographic region (23, 24), administrative region (15, 25), and hospital admission (26, 27)], or referred to a cross-sectional study (28).

A chronological change of the prevalence of multimorbidity was observed to be consistent with several studies based on older population. An increasing trend of the prevalence of multimorbidity was observed in most European countries (29). Another longitudinal study including 6,593 older participants in Beijing (30) estimated the prevalence of multimorbidity following an upward trend over time. Also, the prevalence of multimorbidity across gender, age, and region-based categories was confirmed in our study. The reasons accounting for a chronological change might be associated with the long-standing disease burden corresponding to a rapid economic development as the public had access to medical resources and raised health awareness (31). The current status of high prevalence in multimorbidity among the elderly was mostly caused by the declining mortality rates of noncommunicable diseases combined with the evaluated life expectancy (32). A more interesting finding in this study was that single-disease prevalence had increased slightly, thus significantly rose the trend of multimorbidity. The results implied the improvement of diagnosis and treatment practices over time more than the rising global disease burden (33). Compared to the study conducted in Canada, a significant increase in the prevalence of multimorbidity attributed to obesity was identified (34). And, the pooled analysis of individuals from the US and European cohort showed the association between body mass index (BMI) and the risk of cardiometabolic multimorbidity (35). The rising trend could have an explanation by a rapid economic development over the past 20 years in China. It not only boosted the medical resource allocated to prolong life span, but also resulted in the great changes in health-related life styles of the public diet or other unhealthy behaviors. Our results set an alert to LMICs around the world, where government should account for more complex care needs and rising costs concerning multimorbidity among older adults.

The results indicated a significant geographic variability in the prevalence of multimorbidity over the 20 years. And, Shanghai took the leading prevalence of multimorbidity from 2002 to 2018 survey waves, showing an upward tendency significantly. Recent studies conducted in Shanghai reported the prevalence of multimorbidity, which were 49.2% in 2013 (36) and 74.3% in 2018 (37), respectively. Along with Beijing, the prevalence of multimorbidity in Shanghai represents the comprehensive utilization of healthcare and its increasing prevalence among the older population around the world (38, 39). Our results demonstrated that the majority of the surveyed provinces had an increasing trend across the eight waves. A sex-specific age–period–cohort study conducted in Hongkong showed (40) that there was an upward inflection of the risk of increased morbidity burden. As it is shown, the disparity between the north and the south became narrow over time (24, 41, 42). It urges the need to find out the mechanism how geographic characteristics impact on the progression of multimorbidity among the elderly. This is not only conducive to the etiologic research and clinical practice within local communities but also facilitates the policymakers of public health to allocate medical resources rationally (43).

Our study found that hypertension is relatively less likely to coexist with other chronic conditions or diseases. The risk ratios of hypertension were the lowest in all the diseases investigated, with a tendency decreasing from 5.6 to 3.25 over the 20 years. Moreover, hardly did hypertension appear in the five highest O/E value multimorbidity combinations across time. Even though the most common multimorbidity combinations incorporated a hypertension combination cluster, the prevalence of each disease (heart disease, cataract, and chronic lung disease) was more than 10% over time. The reason might be that a high prevalence of single disease contributes to the frequent occurrence of corresponding multimorbidity combinations, which was consistent with previous studies (17, 44). The trend in the prevalence of hypertension was in agreement with the current evidence, a study on hypertension among the oldest also reported that the prevalence had gradually increased over time (45), even though the awareness, treatment, and control rates of hypertension had made an impressive progress (46, 47). The prevalence of hypertension among the elderly was high in the reduced elasticity of large arteries, long-term build-up of plaque, and increased incidence of cardiac and vascular disease (48). Some studies suggested hormonal changes accounted for the result (49). There is an urgent importance to take measures to reducing hypertension to decrease the prevalence of corresponding morbidity combination.

Even though the prevalence of diabetes was relatively low compared with other surveyed diseases, diabetes was more likely to coexist with other diseases (the value of RR remained high over time). There is an indication of the gap between a high prevalence and the possibility of coexistence with other diseases (50, 51). A study identified diabetes-multimorbidity combinations among the older adults (52), adding to the understanding of an intact relationship between diabetes and other diseases. Another study comprising UK and Taiwan community cohorts identified the association between multimorbidity, T2D, and mortality (53). These results were in line with the current studies. And there might be some explanations accounting for the associations: the elderly with diabetes received regular or better quality of care and health service, resulting in more chances of the early diagnosis of other diseases (54). In addition to higher utilization, survival bias might also play an important role in the longitudinal investigation assessment, and hence achieving a higher coexistence with multimorbidity. Moreover, the association between depression and diabetes was significantly proven in current studies (55, 56), better knowledge of the pathogen mechanisms needing to identify allows a more effective tailored care.

Besides, the RR for cancer, bedsore, TB, and Parkinson's disease was also relatively high and in accordance with the frequent occurrences in the top 5 multimorbidity combination ranked by O/E over time. Previous studies showed that in elderly adults the common multimorbidity patterns contain: the vascular-metabolic cluster, the stomach-arthritis cluster, the cognitive-emotional cluster, and the hepatorenal cluster, varying by gender and residential regions (16, 57). While our study found out that the patterns of cancer and Parkinson's disease, cancer and TB, and TB and bedsore were the frequent binary multimorbidity combinations over time. These clusters may share the common risk factors, like poverty or other socioeconomic status. The gap was derived from the difference of disease lists, regions, and analytical methods. Mapping these clusters using the longitudinal data could help to identify many more links between diseases or conditions, which is crucial to uncover new mechanisms for diseases, to develop treatments, and to reconfigure services to better meet the patient's need (58). These results indicate further etiological study, the generation of prevention strategies, and the formulation of public health policies.

To the best of our knowledge, this is the first study to describe the temporal and spatial trends in the prevalence of multimorbidity and to explore chronological changes of comorbidity patterns in a large, representative, older population survey in China. However, our study had several limitations. Firstly, CLHLS covered 23 provinces of China over the 20 years and represented the elderly well in China, but the data for the unselected provinces were lacking. Even though we analyzed the prevalence by weighting to account for the complex, multistage design of the study, and non-response in the data, the global representativeness and generalizability of the results are limited. Secondly, the CLHLS questionnaire did not investigate all the chronic diseases or conditions typically included in clinical database studies, and only 13 chronic diseases or conditions were included in the analysis to show the chronological trend of multimorbidity as long as possible. Lastly, data in this study was investigated based on self-reporting. Although the quality of data was ensured with an elaborate design and considerate control, it could cause unavoidable information bias and the overestimated prevalence due to the increasing diagnosis and awareness. We expect further studies including a wider range of chronic diseases and robust measures of psychological and physical disorders, and make advances in data science helping to uncover the linkages and correlations among the clusters to capture multimorbidity across the health system.



CONCLUSION

Our findings indicated that high attention should be paid to the longstanding issue of multimorbidity among the elderly in the context of aging population, and the observed geographic disparities need to be investigated profoundly for macroscopic policy regulation and formulation. Policymakers in LMICs have global implications: a rapid economic growth along with the acceleration of the aging population brought new challenges associated with multimorbidity, urging the healthcare resource planning and the generation of prevention strategies.
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Background: The World Health Organization proposed a multidimensional concept of healthy aging in 2015; there was limited evidence about how the concept was constructed and measured. The current study aims to develop a health aging scale (HAS) following the WHO framework and validate it using data from the China Health and Retirement Longitudinal Study (CHARLS).

Methods: A total of 13,233 adults aged ≥ 45 years old from the CHARLS included in current study. Based on the WHO framework, 37 self-reported indicators were used to determine healthy aging. Exploratory factor analysis and second-order and bi-factor modeling, as well as psychometric coefficients, were used to examine the structure of healthy aging. To assess concurrent validity of the HAS, regression analyses were used to examine the associations of HAS and its subscales with sociodemographic characteristics, health conditions, healthcare utilization and life satisfaction in Wave 1. The predictive validity of HAS and subscales was assessed by their associations with mortality in Wave 2 follow-up using Cox regressions.

Results: The general HAS and its five subscales were generated according to bi-factor modeling [CFI = 0.949; TLI = 0.942; SRMSR = 0.030; and RMSEA = 0.033 (95% CI, 0.032–0.034)] and psychometric coefficients (ω = 0.903; ωH = 0.692; ECV = 0.459). The general HAS presented solid evidence of concurrent validity with various sociodemographic characteristics, health conditions, healthcare utilization and life satisfaction; and predictive validity with mortality.

Conclusions: The population-based multidimensional healthy aging scale and its subscales can be used to monitor the trajectories of general healthy aging and its subdomains to support the development of healthy aging policies and interventions.

Keywords: healthy aging, validation, bi-factor model, psychometric evaluation, development


INTRODUCTION

The pace of population aging around the world is increasing dramatically (1). Between 2015 and 2050, the proportion of the world's population older than 60 years of age is expected to nearly double from 12 to 22% (1). China is one of the most rapidly aging countries; the newest census data indicated that there are more than 264 million people aged 60 years and older in 2020 living in China (2), accounting for 18.7% of the country's total population. By 2050, there will be almost 120 million aged 80 years or older living in China (1).

The world's rapidly aging population poses huge challenges to health and social care systems. To address these challenges, the World Health Organization (WHO) in 2015 proposed a public-health framework for healthy aging (3), which defined healthy aging as “the process of developing and maintaining the functional ability that enables well-being in older age.” Healthy aging is also one of the strategic objectives of the “global strategy and action plan on aging and health” adopted by the 69th World Health Assembly to measure, analyze, describe, and monitor healthy aging across the lifespan (4). Although many older adults may have one or more health conditions, which are well controlled and have little influence on their ability to function. Healthy aging pays more attention to an individual's functional ability across life-course. Functional ability is determined by an individual's intrinsic capacity, their environment, and the interaction of their intrinsic capacity and environment (5). Furthermore, a life-course approach to healthy aging has the potential to identify when and how to intervene at different life stages to maximize the chance of healthy aging for the population and for susceptible subgroups, and minimize variation by gender and socioeconomic group (6). As such, a healthy aging measure should broadly combine an individual's intrinsic capacity and functional ability and could sensitively capture the changes in a person's healthy aging level over life-course. The ideal study design for research taking a life course approach to healthy aging is a birth cohort (7), however most existing studies of aging have begun in middle or later age due to feasibility of implementation.

Although some epidemiological studies have used measures of healthy aging (8), these measures may fail to cover important domains of healthy aging (5, 8). Recently, researchers have attempted to develop healthy aging measures based on the WHO healthy aging framework. Sanchez-Niubo et al. used data from the Aging Trajectories of Health-Longitudinal Opportunities and Synergies (ATHLOS) project to develop the ATHLOS scale based on item response theory (IRT) modeling (9). Another newer healthy aging scale was developed using factor analysis methods employing data from six low- and middle-income Latin American countries (10). Theoretically speaking, healthy aging is a multidimensional concept that basically encompasses intrinsic capacity and functional ability (5). An empirical study using data from the English Longitudinal Study of Aging (ELSA) indicated that general factors (intrinsic capacity) and subdomain structure may contribute to a transformative paradigm for future research and clinical practice (11). However, no study has yet examined the multidimensionality of healthy aging. In addition, the existing healthy aging scales synthesized all items into one general index, which cannot provide more detail information on the specific dimensions of healthy aging. In the current study, we aimed to (1) examine the multidimensionality of healthy aging, and (2) develop and validate a healthy aging scale (HAS) and subscales following the WHO framework using data from the China Health and Retirement Longitudinal Study (CHARLS).



METHOD


Data Source

The CHARLS was a nationally representative longitudinal survey designed to examine health and economic adjustments due to rapid aging of the population in China. A more detailed description has been published elsewhere (12). In short, Wave 1 of CHARLS was conducted between June 2011 and March 2012 involving 17,708 respondents aged at least 45 years old who were followed up with every two years via a face-to-face computer-assisted personal interviews. Data of this study were drawn from Wave 1 of CHARLS, covering a total of 13,233 respondents after excluding those with missing data of HAS indicators. The ethical review committee at Peking University approved CHARLS.



Indicators of Healthy Aging Scale

According to the WHO healthy aging framework (5), functional ability enables people to be and to do what they have reason to value, which refers to peoples' ability to meet (1) basic needs, (2) to learn, grow, and make decisions, (3) to be mobile, (4) to build and maintain relationships, and (5) to contribute to society. Intrinsic capacity comprises all the physical and mental capacities that a person can draw on, which includes: (1) locomotor capacity, (2) sensory capacity (such as vision and hearing), (3) vitality (energy and balance), (4) cognition, and (5) psychological capacity. Thirty-seven self-reported indicators related to intrinsic capacity and functional ability were selected to construct the HAS, which cover the following 6 dimensions of healthy aging: sensory capacity (4 indicators), psychological capacity (10 indicators), cognition capability (4 indicators), locomotion capacity (5 indicators), and activities of daily living (ADL, measuring ability to meet basic needs and to me mobile, 14 indicators). These indicators were measured using a five-point Likert scale, which was harmonized to be positive in the current study. Detailed information on the indicators' measurements can be found in Supplementary Table 1.



Development of HAS

Firstly, considering the 37 indicators have different scales, we used min–max normalization to standardize the indicators to 0–1. Second, exploratory factor analysis (EFA) was used to identify the pattern of relationships between indicators and to decide the appropriate number of factors. Parsimax rotation, allowing for factor correlation and for minimum variable complexity, was employed to foster factor interpretability. Factor loadings of at least 0.20, in absolute value terms, were considered to establish a factor loading cutoff point (13).

Confirmatory second-order models and bi-factor models were considered, taking the multidimensionality of healthy aging and an overall target construct into account. Both the second-order model and the bi-factor model were set up by using the number and item structure of first-order and subdomain factors as suggested by the EFA. The second-order model was constituted by a second-order factor onto which the first-order factors of the EFA were loaded (Supplementary Material 2; Figure 1); while the bi-factor model was constituted by a general factor onto which all items were loaded and several orthogonal subdomain factors onto which items were loaded as suggested by the EFA (Supplementary Material 2; Figure 2). To establish the best-performing model, we firstly identified the best second-order model and bi-factor model, then compared the two best models; the one with better performance was subsequently used to build the HAS. Seventy percent of random samples of the total sample group was used for EFA and the remaining 30% of samples were used for CFA. Model fit was assessed using the root mean square error of approximation (RMSEA) (good fit < 0.08), standardized root mean square residual (SRMR) (good fit < 0.08), the comparative fit index (CFI) (good fit > 0.90), and the Tucker–Lewis index (TLI) (good fit > 0.90).


[image: Figure 1]
FIGURE 1. Weights of indicators on HAS and subscales.
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FIGURE 2. Multiple linear regression between the general healthy aging scale and sociodemographic and health factors.


To further examine the multidimensionality of healthy aging, we calculated psychometric coefficients for the bi-factor model. We calculated omega (ω), omega hierarchical coefficient (ωH), coefficient omega hierarchical subscale (ωS), and explained common variance (ECV) because, in the bi-factor model, these indicators are assumed to be influenced by both the general factors and the specific factors (14). A high ω value indicates a highly reliable multidimensional composite, and a high ωH value (> 0.80) in the bi-factor structure indicates that the general factor is the dominant source of systematic variance, with subdomain factors having less influence. Meanwhile, the coefficient ωHS represents the proportion of reliable systematic variance of a subscale score after partitioning out general factor variability (15). Higher values of ECV indicate a strong general factor, thus allowing us to fit a unidimensional model to multidimensional data (16).

Finally, we calculated weights of indicators based on indicator loadings of the better of the two best models (17). Then, the HAS/its subscales were calculated by summing up products of the standardized indicators and their weights. HAS/all subscales were standardized using a range of zero to 100 points to make them easily comprehensible. Higher values indicate better healthy aging.



Validation of HAS and Its Subscales

Validity was assessed in terms of concurrent validity and predictive validity. For concurrent validity, we firstly tested the associations of demographic characteristics, self-rated health, and numbers of non-communicable diseases (NCDs) with the HAS and its subscales using linear regression analyses. Secondly, we examined the associations of the HAS and its subscales with times of outpatient service (TOS), times of inpatient service (TIPS), and life satisfaction in Wave 1 using ordered logistic regression. Finally, the predictive validity of the HAS and its subscales was assessed by the association of the HAS in Wave 1 with mortality in Wave 2 using Cox regressions after controlling for demographic characteristics, self-rated health, and number of NCDs.

All statistical analysis was performed using R (R Foundation for Statistical Computing, Vienna, Austria) (18) and Stata version 13.0 (StataCorp LLC, College Station, TX, USA) (19).




RESULTS


Sample Characteristics

After removing respondents with missing indicator data in the healthy aging scale, a total of 13,223 respondents from 28 provinces were included in the current study. As shown in Table 1, 47.52% (n = 6,284) of respondents were male, 44.28% were aged at least 60 years old, more than 80% were married/cohabiting, and 26.80% were illiterate. About half of respondents (49.41%) reported their health as “good”, and more than 60% of them were somewhat satisfied with their life. Only 32.55% of respondents (n = 4,151) had no NCDs, 37.80% had at least two NCDs, 9.33% used inpatient services in the past year, and 19.45% used outpatient services in the last month.


Table 1. Sample characteristics.
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Development of HAS
 
Exploratory Factor Analysis

Extracting factors with eigenvalues of >1, the five-factor solution was deemed the best solution {CFI, 0.948; RMSR, 0.03; RMSEA, 0.049 [95% confidence interval (CI), 0.049–0.050]}. Four indicators of sensory function with loadings ranging from 0.45 to 0.74 were loaded on the first factor (eigenvalue = 1.57), which was labeled as sensory function. Four cognitive indicators with loadings ranging from 0.52 to 0.75 were loaded on the second factor (eigenvalue = 1.50), which was labeled as cognition. Five indicators of mobility with loadings ranging from 0.57 to 0.73 were loaded on the third factor (eigenvalue = 2.64), which was labeled as mobility. Fourteen indicators of ADL with loadings ranging from 0.39 to 0.83 were loaded on the fourth factor (eigenvalue = 5.41), which was labeled as ADL. Finally, 10 indicators of psychology symptoms with loadings ranging from 0.22 to 0.82 were loaded on the fifth factor (eigenvalue = 3.28), which was labeled as psychology capacity (Table 2).


Table 2. Standardized loadings of exploratory factor analysis.
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Confirmatory Factor Analysis

Both the second-order factor model and the bi-factor model exhibited good fit, but the bi-factor model exhibited higher CFI and TLI values and lower SRMR and RMSEA values [bi-factor model: CFI, 0.949; TLI, 0.942; SRMR, 0.030; RMSEA, 0.033 (95% CI, 0.032–0.034) vs. second-order model: CFI, 0.962; TLI, 0.926; SRMR, 0.041; RMSEA, 0.038 (95% CI: 0.037–0.039)]. In addition, the adjusted chi-squared test for model comparison supported the superiority of the bi-factor model as its value was significant relative to that of the second-order model (χ2 = 1,007.8; df = 30; P < 0.001). Therefore, the bi-factor model was employed in subsequent analyses.



Psychometric Coefficients

The general HAS showed good reliability (ω = 0.903) and based on the bi-factor model, ωH (ωH = 0.692) indicated both the general HAS and the subdomain factors need to be reported. A comparison of ωH and ω (0.84/0.96 = 0.88) showed that most of the reliable variance in total scores could be attributed to the general factor. Meanwhile, 21.1% of the reliable variance in total scores could be attributed to the multidimensionality caused by subdomain factors, and only 9.7% was estimated to be random errors. The omega hierarchy of the five subscale coefficients was in the order of 0.420, 0.336, 0.263, 0.609, and 0.450, indicating that some common variance remained after accounting for the general HAS. ECV was 0.459, also indicating that both the general HAS and the subdomain factors need to be reported.



Weight Assignment and Calculation of HAS and Its Subscales

Based on the best bi-factor model, we calculated the effects of all indicator weights (ranging from 0.0033 to 0.0724) on the general HAS and the corresponding indicator weights on subscales (Figure 1). The four indicator weights of the subscale of sensory function ranged from 0.1435 to 0.3144, the four indicator weights of the subscale of cognition ranged from 0.1325 to 0.3920, the five indicator weights of the subscales of mobility ranged from 0.1488 to 0.2422, the 14 indicator weights of the subscale of ADL ranged from 0.0340 to 0.1046, and the 10 indicator weights of the subscale of psychology ranged from 0.0268 to 0.1737. Finally, scores for the general HAS and its five subscales were calculated using the standardized indicators and their weights. Overall scores were as follows: 71.07 points (95% CI, 70.81–71.33 points) for the general HAS; and 31.72 points (95% CI, 31.43–32.02 points), 57.64 points (95% CI, 57.19–58.10 points), 81.03 points (95% CI, 80.65–81.42 points), 95.48 points (95% CI, 95.28–95.67 points), and 70.71 points (95% CI, 70.32–71.10 points) for the subscales of sensory function, cognition, mobility, ADL, and psychology, respectively. Detailed information about the distributions of scores of the general HAS and its subscales among demographic characteristics can be found in Supplementary Material 3.




Validity of HAS

As shown in Figure 2, the general HAS scores of women [Adjusted Regression Coefficients (ARC), −2.75; 95% CI, −3.17 to −2.32] were lower than those of men, and the general HAS scores among those who were divorced/separated and widowed/never married were lower than the scores of those who were married/cohabiting. The general HAS score significantly increased with an increase in the education level, while it decreased with older age, presence of more NCDs, and poorer self-rated health. The relationship patterns of all subscale scores to the above factors resembled the patterns of the general HAS (Supplementary Material 4; Supplementary Figure 4a), except for no association between marital status and sensory function subscale. The scores of the cognition subscale of women (ARC = −2.21; 95% CI, −3.04 to −1.38) were lower than those of men, and scores of the cognition subscale among those widowed/never married (ARC, −3.05; 95% CI, −4.38 to −1.72) were lower than scores among those married/cohabiting. The cognition subscale scores were significantly higher with higher education level but lower with older age and worse self-rated health, while there was no association with the number of NCDs (Supplementary Material 4; Supplementary Figure 4b). The mobility subscale scores of women (ARC, −4.45; 95% CI, −5.14 to −3.76) were lower than those of men, and the mobility subscale scores among those widowed/never married (ARC, −1.24; 95% CI, −2.36 to −0.13) were lower than those of those married/cohabiting. The mobility subscale scores were significantly higher with higher education level but lower with older age and presence of more NCDs and worse self-rated health (Supplementary Material 4; Supplementary Figure 4c). Neither sex nor marital status was associated with ADL subscale scores, which were significantly higher with higher education level but lower with older age and presence of more NCDs and worse self-rated health (Supplementary Material 4; Supplementary Figure 4d). Except for the finding that psychology subscale scores among those aged 70 years or older were higher than the scores among those aged younger than 70 years, the relationship patterns of all other factors were consistent with the patterns of the general HAS (Supplementary Material 4; Supplementary Figure 4e).

The general HAS and its subscales were also divided into score quartiles to analyze their associations with mortality, TOS, TIPS, and life satisfaction. As shown in Figure 3, after controlling for demographic characteristics, self-rated health, and the number of NCDs, compared to those in the lowest score quartile of general HAS scores, those in the second [Adjusted Hazard Ratio (AHR), 0.65; 95% CI, 0.47–0.90], third (AHR, 0.65; 95% CI, 0.43–0.96), and fourth (AHR, 0.51; 95% CI, 0.31–0.86) score quartiles had a lower AHR of mortality.
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FIGURE 3. Cox regressions between the general HAS and its subscales and mortality adjusted by sociodemographic and health factors. F1: Sensory function scale; F2: Cognition scale; F3: Mobility Scale; F4: ADL scale; F5: Psychology scale.


Those in the highest score quartile of the sensory function subscale (F1) had a higher AHR value (1.48; 95% CI, 1.01–2.16) than those in the lowest score quartile. Those in the third (AHR, 0.55; 95% CI, 0.38–0.81) and fourth (AHR, 0.44; 95% CI, 0.28–0.69) score quartiles of the cognition subscale had lower AHR values of mortality than those in the lowest score quartile of the cognition subscale (F2). Those in the second (AHR, 0.55; 95% CI, 0.40–0.75) and third (AHR, 0.51; 95% CI, 0.35–0.73) score quartiles of the mobility subscale had lower AHR values of mortality than those in the lowest score quartile (F3). Finally, those in the second (AHR, 0.68; 95% CI, 0.52–0.89) score quartile of the ADL subscale had lower AHR values of mortality than those in the first score quartile (F4). There was no association between the psychology subscale and AHR values of mortality (F5).

As shown in Figure 4A, after controlling for demographic characteristics, self-rated health, and number of NCDs, compared to those in the lowest score quartile of the general HAS, those in the second [Adjusted Odds Ratio (AOR), 0.78; 95% CI, 0.67–0.92], third (AOR, 0.70; 95% CI, 0.58–0.85), and fourth (AOR, 0.52; 95% CI, 0.41–0.66) score quartiles had lower adjusted odds ratios of TIPS. Also, those in the second (AOR, 0.80; 95% CI, 0.68–0.93) and third (AOR, 0.56; 95% CI, 0.47–0.67) score quartiles of the mobility subscale (F3) had lower AOR values of TIPS than those in the lowest score quartile (F4). Those in the second (AOR, 0.59; 95% CI, 0.51–0.68) score quartile of the ADL subscale had lower AOR values of TIPS than those in the first score quartile of the ADL subscale. Finally, those in the fourth (AOR, 0.74; 95% CI, 0.60–0.90) score quartile of the psychology subscale had lower AOR values of TIPS than those in the first score quartile (F5).
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FIGURE 4. (A) Ordered logistic regressions between the general HAS and its subscales with times of inpatient service adjusted by sociodemographic and health factors. F1: Sensory function scale; F2: Cognition scale; F3: Mobility Scale; F4: ADL scale; F5: Psychology scale. (B) Ordered logistic regressions between the general HAS and its subscales with times of outpatient service adjusted by sociodemographic and health factors. F1: Sensory function scale; F2: Cognition scale; F3: Mobility Scale; F4: ADL scale; F5: Psychology scale. (C) Ordered logistic regressions between the general HAS and its subscales with life satisfaction adjusted by sociodemographic and health factors. F1: Sensory function scale; F2: Cognition scale; F3: Mobility Scale; F4: ADL scale; F5: Psychology scale.


As shown in Figure 4B, after controlling for demographic characteristics, self-rated health, and number of NCDs, compared to those in the lowest score quartile of the general HAS, those in the second (AOR, 0.79; 95% CI, 0.70–0.89), third (AOR, 0.69; 95% CI, 0.60–0.80), and fourth (AOR, 0.61; 95% CI, 0.52–0.72) score quartiles had lower adjusted odds ratios of TOS. Those in the third (AOR, 0.72; 95% CI, 0.63–0.81) score quartile of the mobility subscale (F3) had lower AOR values of TOS than those in the lowest score quartile of the mobility subscale. Those in the second (AOR, 0.84; 95% CI, 0.75–0.93) score quartile of the ADL subscale (F4) had lower AOR values of TOS than those in the first score quartile of the ADL subscale. Those in the third (AOR, 0.68; 95% CI, 0.59–0.77) and fourth (AOR, 0.72; 95% CI, 0.63–0.83) score quartiles of the psychology subscale had lower AOR values of TOS than those in the first score quartile of the psychology subscale (F5).

As shown in Figure 4C, after controlling for demographic characteristics, self-rated health, and number of NCDs, higher scores on the general HAS and all subscales were positively associated with higher AOR of a higher level of life satisfaction.




DISCUSSION

According to the WHO's model, healthy aging is a multidimensional concept that includes both intrinsic capacity and functional ability (5), which was also confirmed by a previous study (10). Previous studies have demonstrated that intrinsic capacity is multidimensional, including psychological, sensory, cognitive, vitality, and locomotor components (11, 20). In this study, we used data from a large national longitudinal study to firstly conceptualize healthy aging as a general factor and five subdomain factors, as identified by the EFA. Then, the multidimensionality of healthy aging was confirmed by CFA using a confirmatory bi-factor model. Based on the bi-factor model, we also calculated psychometric coefficients (15), which indicated that total score variance is caused by the general HAS and its subdomain factors. Taken together, we conclude that both the general HAS and the subdomain factors need to be reported. Although different indicators were included to develop the HAS, our findings are consistent with previous studies that concluded healthy aging is a multidimensional concept (10, 20).

To the best of our knowledge, there exist three studies that have previously created healthy aging scales using data from existing large longitudinal studies. Sanchez-Niubo et al. used item response theory to develop a unidimensional healthy aging scale including a total of 41 items, using data harmonized and integrated from 16 international cohorts (9). Daskalopoulou et al. demonstrated the multidimensionality of healthy aging but created a unidimensional healthy aging index with 26 items using bi-factor analysis methods, using data from six low- and middle-income Latin American countries (10). Another study (21) scored six health indicators from the CHARLS data as zero (healthiest), one, or two (unhealthiest) point(s) and summed them to construct the Chinese Healthy Aging Index (total score range, 0–12 points). Weighting indicators are a critically important issue to develop a multidimensional index (22). Weights of indicators should reflect their relative importance in their contributions to a multidimensional index. Factor analysis assigns the weights based on the factor loadings on the extracted components (23). The largest factor loadings are allocated to the indicators with the largest variation across the dataset, and vice versa. Factor analysis is suitable for comparison, the analysis of large datasets, and no required a priori assumptions or information on the weights of indicators (24). Thus, we assigned the weights of indicators based on a bi-factor model and calculated the scores of the general HAS and five subscales (sensory, cognition, mobility, ADL, and psychology) according to their item weights. Creating the general HAS and specific domain subscales not only can help in monitoring the general status of healthy aging but also its specific domains, which can provide more detailed information for developing healthy aging policies.

One key consideration of healthy aging is to reduce inequity (25), so a reliable healthy aging scale should be sensitive to change over time (5) and variations in sociodemographic characteristics of older adults. Although they employed different methods, previous studies have indicated that substantial variation exists in healthy aging across sociodemographic characteristics (8, 21, 26, 27) including sex, age, education, marital status, and income/wealth. Research has also found that sociodemographic characteristics are associated with healthy aging trajectories (28–30). Consistent with previous findings, our study also found that the scores of the general HAS and its subscales have good sensitivity to capture differences between sociodemographic groups. Self-rated health was negatively associated with scores of the general HAS and all subscales, consistent with previous studies (10, 31). Multiple morbidities represent one of the challenges affecting older adults (32) and have negative impacts on functional ability (33, 34) and successful aging (35). Similarly, we also found that the number of NCDs was negatively associated with scores of the general HAS and sensory function, mobility, ADL, and psychology subscales.

In order to further validate the general HAS and its subscales, we first examined their predictive ability for mortality as in previous works (36–38). We similarly found that the general HAS had good predictive ability for mortality. We also found three subscales—cognition, mobility and ADL—to have some predictive ability of mortality, which is consistent with previous studies (39, 40). Studies showed that some domains of healthy aging, such as physical functional impairment (41, 42), mobility limitations and cognitive deficits (43), and disability (44), are risk factors for utilization of healthcare, but no study has examined the association of healthy aging and healthcare utilization. In the current study, we also found that the general HAS and some subscales (mobility, ADL, and psychology) were negatively associated with healthcare utilization. Finally, subjective wellbeing (including life satisfaction, hedonic wellbeing, and eudemonic wellbeing) is important at older ages (45), and this is a key component of healthy aging (46). Research has shown that sensory function (47), cognitive ability (48), disabilities (49, 50), executive function (51), mobility (52), and psychology are associated with life satisfaction among older adults. Besides confirming the previous findings, we also found that the general HAS was progressively and positively associated with life satisfaction. Interestingly, we found that older adults with the greatest sensory function had higher AHR values (1.48; 95% CI, 1.01–2.16) than those with the poorest sensory function. The reason for this may be that the mortality patterns between these two groups of elders are different, which needs to be explored further in the future.

Our study had several strengths. First, we created a multidimensional healthy aging scale and subscales based on the WHO conceptual framework (1, 5), which can provide more detailed information to support healthy aging policies. Second, a large-scale, nationally representative study sample was used, which may facilitate the possible generalization of our findings. Third, our multidimensional healthy aging scale was rigorously validated by examining variations according to sociodemographic characteristics; its associations with self-rated health and the number of NCDs; and its prediction of mortality, healthcare utilization, and life satisfaction.

However, our study also has several limitations. First, to “build and maintain relationships” and “contribute to society” are important domains of healthy aging (5), which were not included in our multidimensional healthy aging scale due to lack of data. Second, a reliable healthy aging scale should be sensitive to changes in trajectories over time, which was beyond the scope of this study and further analyses are highly recommended.



CONCLUSIONS

In conclusion, this study confirmed the multidimensionality of healthy aging and developed and validated a population-based multidimensional healthy aging scale and associated subscales. Our findings found that the general healthy aging scale and its subscales were variational according to sociodemographic characteristics; they were also associated with self-rated health and the number of NCDs; and they have reliable predictive ability for mortality, healthcare utilization, and life satisfaction. These findings imply the general healthy aging scale and its subscales might be used to monitor the trajectories of general healthy aging and its subdomains, facilitating the development of healthy aging policies and interventions. Our findings also found that sensory capacity and cognition was lower than mobility, ADL, and psychology among Chinese older adults. Policies and services should pay greater attention to promotion of sensory function and cognition among Chinese older adults. In addition, it is warranted to monitor trajectory of healthy aging and to explore its determinants in the future.
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Background: How did older adults who had to use online medical service during the COVID-19 pandemic bridge the “digital divide”? Taking Internet-based appointment service (IBAS) as an example, this study aimed to investigate the subjective feelings of older adults and evaluate their user-satisfaction.

Methods: This study was based on data from a questionnaire survey involving 325 outpatients 60 years old in shanghai during the COVID-19 pandemic. The satisfaction of IBAS was evaluated and compared from six domains including convenience, visiting time, correct identification of specialists, on-site assist service, COVID-19 prevention, and privacy protection. Logistic regression analysis was used to investigate the correlation between satisfaction and social factors.

Results: No significant difference between older adults with or without previous experience using IBAS in terms of overall satisfaction. In the domain of operation difficulty (81.9 vs. 97.5%) and precise medicine (88.1 vs. 96.9%), such as correctly identifying the specialist, the satisfaction of previous user group was significantly higher than that of first-time user group. However, there was no significant difference in the remaining four domains between the two groups. Among the first time IBAS users, the satisfaction was higher than the walk-in registration they used before. Logistic regression revealed that some “intention to use IBAS”-associated social factors such as distance from the hospital, living status, and frequency of hospital visit, were related to the satisfaction of older adults.

Conclusions: Driven by the external pandemic and internal intention, older adults would choose and manage network medical resources with their high satisfaction, which essentially demonstrates not only behavioral adjustment but also inner acceptance in older adults. Our findings support the need for promoting the driving force of older adults in using Internet-based medical service as well as transforming the design factors and behavior patterns.

Keywords: pandemic, older adults, digital divide, Internet-based appointment service, satisfaction, aging design


INTRODUCTION

COVID-19 has posed great challenges to public health around the globe since its onset from early 2020. Notably, various of epidemic prevention and control strategies have been extensively implemented long before the large-scale clinical application of vaccines and herd immunity could be realized in China (1). Targeted social distancing is the standard practice to influence infection spread, especially for vulnerable groups since COVID-19 is most likely to spread through close contact (2, 3). To eliminate the spread of the pandemic, effective social distancing was implemented in China since February 2020, which means not only keeping physical space between people but also avoiding unnecessary social contact (4, 5). Under such circumstances, diversified online services have been rapidly launched and developed in the form of “Internet-based” such as video conference, online shopping, and online medicine service, effectively avoiding crowd gathering and unnecessary contact (6–8).

In the process of medical treatment, outpatient waiting time has been a well-known issue in China. The walk-in outpatients will experience triage, registration, payment and waiting before they can meet a physician where all the processes happen in outpatient's waiting area. The outpatient clinic becomes the place where patients are more likely to contract virus due to concentrated crowd and intensive contact. For this reason, more and more medical institutions implement appointment and registration process online in order to reduce the gathering of patients during the pandemic (9, 10). As an important part of online medical service, Internet-based appointment service (IBAS) provided by hospital, usually displaying the largest variety of information on a hospital website, such as disease categories and physician treatments, is informative (10, 11). The outpatients can complete all the appointment processes in advance through the network, arrange medical consultation or plan, and go to the clinic directly at the scheduled time without long stay in the waiting area. Although IBAS is not a compulsory measure, most outpatients choose it voluntarily during the pandemic. According to the data from one of the biggest online appointment and registration websites in China (www.yihu.com), from February to April in 2020, the number of online appointments declined compared with 2019 due to epidemic management and flow restriction in some of the hospitals. However, the number of online appointments surged after May 2020 compared with corresponding period of 2019. At the same time, the data also suggested that the number of older adults over 60 years old who used IBAS kept increasing in 2020, and it was significantly higher than that in the same period of 2019 (Figure 1).


[image: Figure 1]
FIGURE 1. Trend in the number of older adults using online appointment in 2019 and 2020.


Nevertheless, for older adults, the utilization of Internet-based medical and other social public services depends on the familiarity and mastery of the Internet and smart devices. The existence of “digital divide” in older adults is a universal global problem in the digital era (12, 13). Due to the weak ability of accepting and updating real-time information, which results in their disadvantages in learning skills of the Internet, older adults are often treated as the digital vulnerable group (14–16). In recent years, China has help older adults to lower the digital barrier and promote the Internet-based service. Even though knowledge of the IBAS was widespread, data shows that most elderly patients still choose walk-in registration before the pandemic, which makes IBAS difficult to implement and limited in its effect (17). As data mentioned above, some elderly began to use the IBAS for the first time due to epidemic control and personal protection. Different from the previous elderly IBAS users, these new users were with much stronger intention since they should make a choice to adapt to the life under the epidemic. How did they feel about their choice? Whether they could appreciate the convenience brought by Internet services? So far there have been few studies on the relationship between older adults and online medical service (18, 19). Most of them focus on the correlation between the network application and social attributes of older adults while less attention is paid to their internal demands and subjective feelings.

Our study intends to investigate the subjective feelings of these new Internet service elderly users and evaluate their satisfaction. And compared with older adults who had IBAS experience before the pandemic. The hypothesis of our study is that older adults who first used the IBAS during the pandemic are satisfied with the service, may have similar user experience compared with those who used IBAS before the pandemic. On the other hand, IBAS could benefit these new users in improving their familiarity with online medicine care service and digital health. The objectives are listed as follows: (a) Evaluate the understanding and feelings of older adults using IBAS during the pandemic; (b) Analyze social factors which might cause the difference in satisfaction; and (c) Explore older adults personal demands for online appointment. These will help to observe the degree of satisfaction in IBAS utilization from the intention perspective among the older population and explore an effective way for them to deal with the mental impact brought by the network application.



METHODS


Questionnaire Design and Sample Selection

This is a cross-sectional study conducted in Shanghai East Hospital affiliated to Tongji University. The questionnaire was designed following literature research and expert interviews. A pilot survey was carried out before the formal survey. A total of 100 questionnaires were distributed to the qualified elderly respondents, and then 95 valid questionnaires were recollected. According to the pilot survey, some questions calling for further clarifications were modified, and the official version was issued. The questionnaire was divided into three parts. First, basic demographic information including gender, age, education background, medical insurance, assist mode of registration, and frequency of visit to hospital, the awareness of IBAS, and the reason for choosing IBAS. Second, satisfaction and scene investigation. A total of 16 questions were separated in six domains including: (a) convenience of IBAS system (interface settings, information input mode, online payment, and refund), (b) visiting time (time required for advance appointment, on-site waiting time, and total time spent), (c) precise medicine (scheduled time reservation, designated department or specialist, and required inspection item), (d) on-site assist service, (e) need for COVID-19 prevention, and (f) privacy protection and the multiple evaluation index of “overall satisfaction of this visit” was also included. The 16 qualitative indicators were all assessed by using the 5-point Likert scale to distinguish the evaluation of patients on the preference for different situations in medical experience. Likert scale is a tool to measure attitude, which has had a great impact on the field of social science since it was proposed. Likert scale ranges from “very dissatisfied” to “satisfied,” namely 1 for very dissatisfied, 2 dissatisfied, 3 basically satisfied, 4 for satisfied, and 5 for very satisfied (20). Third, satisfaction comparison. This part is only to be filled out by respondents of first using online appointment, which was intended to compare the use of previous walk-in appointment.

We started the study in January 2021 and instructed trained research assistants at IBAS waiting area to interview the current patients to complete the questionnaire. In China the “elder people” starts at 60 which is stipulated by the law on the protection of the rights and interests of older adults. The average life expectancy of China's population is over 70 years, but after the age of 60, the physique has declined significantly, and generally no longer undertakes physical work. Internationally, the starting age standard for the elderly in developed countries is 65, while that in developing countries is 60. China has adopted the standard of developing countries. In this study 60 years is used as the cut-off point for the sample. The inclusion criteria include: (1) Age ≥60 years old; (2) Ability to answer the questionnaire independently; (3) Informed consent (willing to participate in this study). The exclusion criteria include: (1) Patients with any medical disputes; (2) Severe emergency patients. The recruited patients were divided into two groups according to whether they first started using IBAS before or after February 1, 2020, when China began to initiate “social distancing” measures. The first-time user group included those who first used IBAS after this date, while the previous user group included those who had used IBAS before. According to Sun (21), the sample size needs to be 5–10 times the number of items in the survey, and allowing for 10–20% over-accrual at the same time to account for errors or potentially not evaluable feedbacks. Since our survey contains 16 items, the sample size should range from 88 to 192. Considering the limitation on budget and research staff of the study, a total of 374 elderly patients were recruited, and 348 of them completed the questionnaire. Excluding the questionnaires answered by caregivers, eventually 325 participants were selected. All questionnaires were administered anonymously to discourage an acquiescent or socially-desirable response bias.



Ethical Requirements

The present study abided by the general ethical principles, respected patients' privacy, and obtained informed consent from every participant. Respondents were fully informed of the research purpose and content prior to study, and maintained the complete right of voluntary participation. Anonymity was used in the survey, and the information provided by the respondents was kept confidential and not used for other purposes except this study.



Questionnaire Reliability and Validity Analyses

The reliability of the questionnaire was evaluated by most commonly used Cronbach's α to test its internal consistency. The validity of the questionnaire was evaluated through factor analysis, Kaiser Meyer Olkin (KMO) test and Bartlett's test were applied. The reliability and validity of six domains and 16 indicators evaluating the satisfaction of the research group and control group were respectively tested. The results showed that the Cronbach's α of intergroup variables was more than 0.9, indicating a good internal consistency. Moreover, KMO value of intergroup variables was also more than 0.9, and P value following Bartlett's test was significantly <0.001, further implying a good structural validity.



Statistical Analyses

During data processing, satisfaction was converted into two categories: “very dissatisfied” and “dissatisfied” were defined as “dissatisfied” (assigned as 0) whereas “basically satisfied,” “satisfied,” and “very satisfied” were regarded as “satisfied” (assigned as 1). The overall satisfaction and the satisfaction of each domain were given a numerical value respectively. Chi-square test was used to compare the outcome of satisfaction between two groups, and logistic regression analysis was used to investigate how the satisfaction was associated with social factors including variables such as age, gender, distance from the hospital, living status, frequency of visits in 6 months, medical insurance, pension, and education background. P < 0.05 was considered to be statistically significant. SPSS 26.0 (IBM Corporation Armonk, NY, USA) was used to perform these analyses existing in this study.




RESULTS


Descriptive Characteristics of Respondents

Among the 325 eligible respondents, the median age was 74 years (IQR: 72–79). In the first-time user group, 80 elderly persons (49.1%) live with their children or spouse while 83 elderly persons (50.9%) live alone. In contrast, 106 elderly persons (65.4%) live with their children or spouse while 56 elderly persons (34.6%) live alone in previous user group. Within 6 months, 49.1% and 56.8% respondents in first-time user group and previous user group visited medical institutions more than once. The learning approach in first-time user group were through children and community assistance (43.6%), on-site guidance (38%), and self-study (18.4%), while in the previous user group were self-study (61.1%), children and community assistance (25.3%), and on-site guidance (13.6%) (Table 1).


Table 1. The characteristics of respondents.
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Satisfaction of Respondents With Online Appointment

There was no significant difference between the two groups in terms of overall satisfaction (P > 0.05). In the domain of operation difficulty (81.9 vs. 97.5%) and precise medicine (88.1 vs. 96.9%), such as correctly identifying the specialist, the satisfaction of previous user group was significantly higher than that of first-time user group. However, there was no significant difference in the remaining four domains between the two groups. Of note, the satisfaction with first IBAS user was only similar to the previous walk-in registration in the domain of on-site assist service (68.1 vs. 71.9%), but higher in the other five domains of using convenient degree, visiting time saving, epidemic prevention needs, precise medicine, and privacy protection (P < 0.05) (Table 2).


Table 2. The satisfaction of respondents with internet-based appointment service.
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Univariate Analyses of Risk Factors Influencing Satisfaction

The univariate analyses of the factors affecting satisfaction using IBAS were reported in Table 3. In the overall study population, those respondents over 75 years old, with more than 30 mins away from the hospital exhibited lower satisfaction (OR = 0.37, P < 0.05; OR = 0.51, P < 0.05). Meanwhile, the satisfaction of those college-educated elderly either living with children or visiting hospital more than once within 6 months was higher (OR = 5.05, P < 0.01; OR = 3.38, P < 0.01; OR = 2.51, P < 0.01). For those first-time users, distance to hospital, living status, and education were significantly related to dissatisfaction (P < 0.05). As for previous IBAS users, dissatisfaction was closely associated with the factors of age and education (P < 0.05).


Table 3. Univariate analyses of the factors influencing the satisfaction of older adults.
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DISCUSSION

As people gradually get used to life in the pandemic, whether the “digital right” of older adults with digital barriers that exists widely in these people can be guaranteed, and whether they can get high-quality Internet-based public services especially medical and health care, are the issues worthy of attention from the administration and medical institutions (13, 22, 23). This study explored the evaluation of older adults who started using IBAS during the COVID-19 pandemic. The results showed that their satisfaction was commonly higher than walk-in registration they chose before (P < 0.05), and there was no significant difference with those elderly with that of previous IBAS users (81.3 vs. 85.6%, P > 0.05). Our study shows that on the premise of the continuous lowering of the technical threshold, the definition of digital barriers is not only limited to the technical level, but also including the low usage intention of Internet. While the pandemic becomes the norm of life, the change of life style has forced those potential Internet users among older population to break their thinking inertia and make some breakthroughs. With increased intension, they will manage to solve potential technical difficulties and realize the convenience brought by the Internet services.

The IBAS has potential benefits, which can greatly reduce the burden of time and energy paid by older adults and their caregivers. However, the utilization of IBAS in older adults is generally low before the COVID-19 pandemic in China. The main using obstacles are summarized as follows: insufficient awareness; incompetence in using the system; limited choice of treatment time, doctors, and departments; inability to complete special services via the Internet; difficulty in online payment; and individual willingness. In an effort to solve these problems, the administration, medical institutions, communities as well as mass media, have provided convenient measures for older adults, such as setting up access to IBAS through the public network platform, continuously optimizing and simplifying the operation procedure, and specifically adjusting the display of font, text, and audio-visual input for older persons (24). In addition, the communities and medical institutions have provided a lot of training opportunities to help them understand and master how to pay online. The implementation of above measures has greatly lowered the threshold for older adults to access Internet-based medical services. Nevertheless, the traditional way of queue registration or walk-in service is still the first choice for quite a lot of elderly patients who are unfamiliar or unwilling with the Internet-based service. In this study, 71.7% of the first-time users acknowledged that even if they knew about IBAS and online payment previously, they still did not choose them for “personal reasons,” including usage and payment habits. Meanwhile, up to 92.0% of all these patients identified the concern about increased infection potentials caused by prolonged staying in the hospital as the primary reason for choosing IBAS. Taken together, these facts suggest that the needs for epidemic prevention and control and personal protection can be considered as the external reasons for older adults to use online medical services, but in older adults with potential ability to use Internet-based service, “low usage intention” becomes an important factor for them to make choices.

The phenomena of “lack of intention” can be explained by the “lack of confidence” in Internet use among older adults. The application of digital technology facilitates public service, but there is still explicit or implicit social exclusion for older adults who fail to utilize digital technology effectively (25). Internet media and its content producers have long since paid more attention to meet the needs of the mainstream consumers while ignored the needs of older adults (14). Although various institutions have tried their best to solve this tough problem, there is still a serious lack of designs that suit the needs of the aging population, which objectively increases the difficulty for older adults to accept new information and recognize new technology. These obstacles further diminish their confidence to try new technology, making older adults harder to integrate into the informational society. Meanwhile, due to the decline of physical and cognitive ability along with aging, older adults tend to panic more easily in the face of technological changes, and may choose to keep their original living habits. The designer of IBAS should fully consider the use needs of different groups of people at different levels, solve the problems of users when operating the software effectively, develop and design the interface for the convenience of older adults according to their physical and psychological characteristics, and fully pay attention to the interface structure, interface layout element location and visual process. By optimizing the design, older adults would have a voice in public terminals and appreciate the usability and accessibility of IBAS. Meanwhile, a “fault-tolerant” interaction design mechanism should be established for older adults, which can be revoked in time after their misoperation. It would effectively alleviate the anxiety and fear of older adults for IBAS participation.

Using Internet to solve problems has become a social development trend and one of the major life skills (26). Internet use had a certain positive impact on the physical and psychological healing of older adults, and had a certain effect on their self-cognition, social interaction, life satisfaction and self-confidence (27, 28). As we can see that, different from those previous IBAS users, the new IBAS users may not had advantages in self-learning skills. Most of the them (81.6%) seek to solve the technical problems through community, children or on-site assistance. Our study confirmed that once older adults are willing to use the network, they will try to get the technical support through the diversified approaches. Previous study about the Internet support for older adults mainly focuses on “digital feedback” from their children and other family members (29). Nowadays older adults are trying more approaches to master network skills, such as peer support. For older adults peer groups, the similarities in experience and learning speed make them an easier counterpart to communicate with and obtain empathy from compared with their children. They can provide emotional and informational support more easily with geographical and psychological proximity. Therefore, friends, colleagues, neighbors, and other peer groups, as the important sources of social support for older adults, often become an alternative to intergenerational support.

By analyzing the factors that influencing the satisfaction of IBAS, we found that satisfaction-associated social factors were also related to the “intention to use” of older adults (30). In our study, patients who live further away from the hospital are more willing to use IBAS to achieve convenient medical care, so as to shorten the time spent. Compared with older adults who live with their children or spouse, older adults who live alone had lower satisfaction with IBAS, suggesting that older adults for whom can get appropriate digital assistance are more willing to choose online health care and have higher satisfaction. Compared with older adults who visited the hospital 0–1 within 6 months, those who visited the hospital more than once preferred IBAS. The re-visiting patients are familiar with the triage and visiting doctors, which helps to make appointments much smoother, and subjectively promotes the using intention. In summary, these above results show that it is possible to improve the usage intention to Internet-based medical services more effectively through analyzing the big data from specific groups of older adults, taking targeted measures to formulate medical services and assistance strategies, and providing personalized services.

The limitations of this study are listed as follows. First, the survey was conducted in a large tertiary public hospital located in Shanghai. Shanghai is highly urbanized with high average education level, low COVID-19 infection, and strong awareness and voluntary compliance with the provisions of epidemic prevention among its residents. Hence, the generalizability of the results from this study in other areas of the country is questionable. Second, the study focused on the population who chose IBAS, but did not analyze the population who still chose traditional methods of appointment. Therefore, all the conclusions of our study should be further investigated in prospective research with more diversified groups in the coming years.



CONCLUSIONS

Driven by the external pandemic, older adults tend to choose and manage online medical resources and their network skill has been improved, which essentially demonstrates not only behavioral adjustment but also intrinsic intention ascension. Therefore, it will be an effective strategy to improve the long-term development of Internet based medicine through promoting the driving force of older adults as well as transforming their behavior patterns and habit formation. Today, with the increasing aging population, the problem of digital divide among older adults needs to be solved urgently. The administration and society should adhere to the principle of age-appropriate in top-level design and product design, construct a digital divide bridging mechanism, and create a digital inclusive daily life. By enjoying the convenience and efficiency of the digital and Internet based service, the older population would achieve the “active aging” more smoothly. Online medical resources should fully protect the rights of older adults groups to enjoy social public services, and the “age-friendly” digital strategy should be included in the development plan of medical informatization.
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Household air pollution (HAP) exposure is recognized as a major health concern in areas relied on residential burning of solid fuels for cooking and heating. However, previous study has focused on mortality across time and reported changes in age-specific mortality globally but failed to distinguish cohort from period effects. Therefore, this study aimed to differentiate the relative contributions of period and cohort effects to overall time trends of HAP-attributable stroke mortality between the most presentative East and South Asia countries. Data were obtained from the Global Burden of Disease (GBD) database. The age, period, and cohort effects were estimated using the age-period-cohort (APC) model. The overall age-standardized mortality rates (ASMRs) of stroke in China decreased by 39.8% compared with 35.8% in India, while stroke subtypes in both the sexes and countries showed consecutive significant declines from 1990 to 2019. The age-specific and cohort-specific HAP-attributable stroke mortality declined over time in China and India. By APC analysis, substantially increasing age effects were presented for stroke and subtypes from 25 to 84 years. China had a rapid reduction in the independent period and cohort effects. Also, the risk of death for subarachnoid hemorrhage (SAH) had the most striking decline for both sexes in period and cohort effects. Reductions of India were less favorable than China, but the independent period and cohort effects progressively decreased during the entire period for both the sexes. Males experienced a slightly higher mortality risk than females in both countries. Although prominent reductions were observed in HAP-attributable stroke and subtypes mortality during the past 30 years, China and India still suffered uneven HAP-attributable stroke burden. Thus, it is of high significance to introduce advanced solid fuels replace technology and knowledge regarding clean fuel use.

Keywords: stroke and subtypes, mortality, household air pollution, China, India, age-period-cohort (APC) analysis


INTRODUCTION

Household air pollution (HAP), which mainly refers to exposure to particulate matter with an aerodynamic diameter less than or equal to 2.5 μm (PM2.5), is recognized as a major health concern in areas relied on residential burning of solid fuels for cooking and heating (GBD 2016 Risk Factors Collaborators, 2018). Almost 3 billion people are counted on the traditional use of solid fuels to heat or cook globally. China and India still have approximately 32 and 55% of the population using solid fuels during everyday life (Cohen et al., 2017). Previous research studies denoted Asia leads the world in HAP-oriented deaths and HAP risk-oriented health problems have mainly occurred in low- and middle-income countries (LMICs) (Hystad et al., 2019; GBD 2019 Risk Factors Collaborators, 2020).

As one of the non-communicable diseases, stroke has become the second leading cause of deaths in 2019, which caused approximately 101 million cases and 6.55 million deaths worldwide (Roth et al., 2020). Stroke could be divided into three main pathologic types: ischemic stroke (IS), intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH) (Hisham and Bayraktutan, 2013). Each was caused by distinct underlying vascular pathologies. SAH poses a threaten on relatively young people, while IS and ICH are more common in middle-aged and elderly people (Feigin et al., 2005). Having more than one-third of the population of the world, China and India experience heavy personal, social, and financial costs of stroke, in the context of having a high burden stroke risk and rapidly evolving demography, lifestyles, and economies (Anderson and Chaturvedi, 2018). In 2019, stroke caused 2.2 million deaths in China, which accounted for 20.7% of total deaths and represented the first leading cause of deaths; whereas it caused 0.7 million deaths in India, accounting for 7.5% of total deaths and representing the third leading cause of deaths.

Household air pollution has been confirmed as one of the primary risk factors of stroke mortality in the countries heavily depending on solid fuels (Yu et al., 2018, 2020). A 10-μg/m3 increment in HAP was associated with 4–6% increase in overall mortality, 10% rise in cardiovascular disease prevalence, particularly among susceptible populations (Burnett et al., 2018; Xue et al., 2019). Over past years, a body of epidemiological research studies has reported that long-term HAP exposure was related to induction and progression of certain cardiovascular events. Likewise, it may escalate mortality of stroke, coronary artery disease, and acute myocardial infarction (Bruce et al., 2000; Balmes, 2019; Liu et al., 2021).

However, the previous study has focused on mortality across time and reported changes in age-specific mortality globally but failed to distinguish cohort from period effects (Lu et al., 2021). Meanwhile, there is no research clearly exploring the temporal trend of IS, ICH, and SAH. Therefore, we decomposed the independent effects of age, period, birth cohort by age-period-cohort (APC) model with an intrinsic estimator (IE) algorithm. Differentiating the relative contributions of period and cohort effects to overall time trends between the most presentative East and South Asia countries assists in determining the success of earlier policy interventions and identifying future targets. This study uses data between 1990 and 2019 from the GBD 2019 and concentrates on comparing the HAP-attributable stroke and subtypes mortality over the last three decades in China and India. This study could consolidate the body of evidence on existing disparities, changes, and hurdles in stroke research studies in LMICs.



MATERIALS AND METHODS

Contributed by the IHME, the GBD 2019 aims to quantify the comparative magnitude of health loss due to diseases, injuries, and risk factors by age, sex, and geographies for specific points in a series of time (GBD 2015 Mortality and Causes of Death Collaborators, 2016). All anonymized data have been publicly available at the website of the Institute for Health Metrics and Evaluation (IHME) and can be accessed online1. The informed consent was reviewed and approved by the University of Washington Institutional Review Board. It used DisMod-MR 2.1, a Bayesian meta-regression tool, as the primary method of estimation to ensure consistency between rates of incidence, prevalence, remission, and cause of deaths for each condition and provided a comprehensive annual estimation of global, regional, and national incidence, prevalence, mortality for causes of deaths and risk factors in 204 countries and territories from 1990 to 2019 (GBD 2019 Risk Factors Collaborators, 2020). The advantage of the GBD approach is that consistent methods are applied to critically appraise available information on each condition, making this information comparable and systematic; to estimate results from countries with incomplete data; and to report on the burden of disease with standardized metrics.


Data Sources

The attributable burden of stroke data in China and India was obtained from the GBD 2019. Stroke was diagnosed and defined based on the WHO clinical criteria and the International Statistical Classification of Diseases. Stroke subtypes such as IS, ICH, and SCH events were classified using the tenth revision of the International Classification of Diseases and Injuries (ICD-10). The original data of stroke mortality in China population were mainly from the Cause of Deaths Reporting System of the Chinese Centers for Disease Control and Prevention (CDC) and Disease Surveillance Points (DSPs), which considered to be nationally representative (Zhou et al., 2016). Indian stroke mortality database was composed of vital registration (VR), verbal autopsy (VA), registry, survey, police, and surveillance data (Jha et al., 2006). The processed data was then to generate estimates of each quantity of interest by age, sex, location, and year. The modeling standardization was done using the Cause of Deaths Ensemble model (CODEm), spatiotemporal Gaussian process regression (ST-GPR), and DisMod-MR. The calculation formula for age-standardized mortality rate (ASMRs) is as follows:

[image: image]

In the GBD study, HAP was defined as individual exposure to PM 2.5 due to the use of solid fuels and was assessed according to data of indoor solid fuel consumption and indoor PM 2.5 concentrations monitor (GBD 2016 Risk Factors Collaborators, 2018). Data were obtained from the standard multi-countries survey series such as Demographic and Health Surveys (DHS), Living Standards Measurement Surveys (LSMS), Multiple Indicator Cluster Surveys (MICS), and World Health Surveys (WHS), as well as country-specific survey series such as China Monitoring Survey and South Asia General Household Survey (GBD 2019 Risk Factors Collaborators, 2020). Population attributable fraction (PAF) was defined as if the exposure of a certain risk factor was reduced to the theoretical minimum exposure level in a certain population, the proportion of related diseases or deaths in the population would reduce (Burnett et al., 2014). In this study, the exposure level associated with minimum risk, known as the theoretical minimum risk exposure level, for HAP was between 2.4 and 5.9 μg/m3 (Yasin et al., 2019). The stroke mortality attributable to HAP was estimated based on defining PAF through combining the distribution of exposure to HAP with exposure-risk estimates at each level of exposure:
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where Pi is the percentage of the population exposed to level i of HAP, n is the total number of exposure level. RRi is the relative risk at exposure level i, which was estimated as the Integrated Exposure Response function of exposure based on 81 published systematic reviews, the specific methods are outlined in a previous study (GBD 2019 Risk Factors Collaborators, 2020).

Attributable deaths (ADs) were computed by multiplying the PAFs and the number of the deaths for stroke (N) (GBD 2017 Causes of Death Collaborators, 2018):
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The age-standardized rate of HAP-ADs was calculated by the world standard population (Rudd et al., 2020).

Therefore, we obtained the population, mortality number, ASMRs data of HAP-attributable stroke, and the subtypes diseases in China and India from GBD 2019. Ethical approval was not needed for this study because there was no direct involvement of human subjects.



Statistical Analyses

The APC model is a prevalently statistical model to extract information hidden in mortality which implies the death risks experienced by the population in a current year and the accumulation of health risks since birth (Cao et al., 2019). Typical statistical analysis could not decompose these death risks and health risks when estimating mortality. The APC model is used for long-term trend studies such as social changes, disease causes, aging, population process, and dynamic research (Yang et al., 2008). As the relationship between age, period, and cohort is perfectly linear (i.e., birth cohort = period-age), there is collinearity between age, period, and cohort (Robertson et al., 1999). Like previous studies, this study circumvents this problem by producing estimable APC parameters and functions without imposing arbitrary constraints on model parameters (Rosenberg and Anderson, 2011; Bell, 2020). Through the IE approach, the APC model performed by the freely available R-based tool from the US National Cancer Institute is designed to address the collinearity in APC model, and the detailed methodological information is described in former research (Rosenberg et al., 2014). The core operation code of R-based tool is accessible on GitHub.2

In a typical APC model, the age and period intervals must all be equal, i.e., 5-year age groups should be used with 5-year calendar periods. Therefore, the mortality and population data are arranged into 11 consecutive 5-year age groups from 25–29 (median, 27) to 75–79 years old (median, 82 years), six consecutive 5-year periods from 1990–1994 (median, 1992) to 2015–2019 (median, 2017), and 17 consecutive cohorts from born in 1910–1914 (median, 1912) to 1990–1994 (median, 1992). The reference groups in all the APC analyses are the central age group, period, or birth cohort in each interval. The fitted APC model estimates some useful parameters and functions in this study: (1) net drift is expressed as the annual percentage change of mortality, with the adjustments of the period and cohort effects; (2) local drift represents the average annual percentage changes in mortality over time across different age groups; (3) longitudinal age curve indicates the fitted longitudinal age-specific rates in the reference cohort adjusted for period deviations; (4) the period (or cohort) rate ratios (RRs) would be the relative risk adjusted for age and nonlinear effects in a period (or cohort) vs. the reference. For conducting APC analysis, the mortality and population data are arranged into consecutive 5-year periods from 1990 to 2019 and successive 5-year age intervals from 25–29 to 75–79 years old. The Wald chi-squared tests are adopted for estimation on the significance of the estimable functions. A general linear model is used to evaluate the interaction effect between sex and birth cohort or the significance of the slope of relative risks for period and cohort effect. P < 0.05 was considered as statistically significant. All the statistical tests are 2-sided.




RESULTS


National Trends in Household Air Pollution-Attributable Stroke Mortality

Figure 1 shows downward trends in HAP-attributable mortality across subtypes of stroke between China and India. From 1990 to 2019, the ASMRs of HAP-attributable stroke in China decreased by 39.8% compared with 35.8% in India. In 1990, the ASMRs of HAP-attributable ICH, IS, and SAH in Chinese (44.6 per 100,000, 16.4 per 100,000, and 8.3 per 100,000 in males; 28.1 per 100,000, 14.0 per 100,000, and 8.6 per 100,000 in females) were higher than its counterparts (19.6, 12.4, and 2.7 in males; 18.8, 10.9, and 3.0 in females) in India. However, in 2019, the ASMRs of these three subtypes (4.4, 3.5, and 0.4 in males or 3.4, 2.9, and 0.3 in females) in Chinese reduced to almost the same level as its counterparts (5.2, 3.7, and 0.7 in males or 5.7, 3.7, and 0.8 in females) in India. For subtypes of stroke, over the past 30 years, HAP-attributable ICH had the highest ASMRs among all the subtypes of stroke, followed by IS and SAH, and the sex disparity on the ASMRs shrunk with time.
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FIGURE 1. Trends in the age-standardized mortality rates (ASMRs) of household air pollution (HAP)-attributable stroke subtypes in China (A) and India (B) from 1990 to 2019. Error bars represented the 95% CIs for the HAP-attributable stroke mortality.




Age-Specific Mortality for Household Air Pollution-Attributable Stroke and Subtypes

Age-specific mortality of HAP-attributable stroke and subtypes by period across China and India are shown in Tables A1–A8, which presented the increased mortality with age group and a declining trend in mortality between 1910–1914 and 1990–1994 (P < 0.01 for all). The reduction of HAP-attributable ICH mortality was most marked for both countries. As shown in Supplementary Figure 1, China had a more obvious decreased trend of HAP-attributable stroke mortality across birth cohorts than India, indicating a relatively lower mortality risk in the cohort born recently in China (P < 0.01 for all).



Age, Period, and Cohort Effects on Household Air Pollution-Attributable Stroke Mortality

Substantial reductions in HAP-attributable stroke mortality were observed in the overall net drifts across the whole study period with a −7.0% (95% CI, −7.2 to −6.9%) change (Figure 2A). Mortality reductions were less evident in India [−3.8% (95% CI, −3.9 to −3.6%)]. Percent change per year (local drifts) was always below 0 in all the age groups for both the sexes and countries, indicating a decreasing trend in HAP-attributable stroke mortality across the study period (Figure 2A). For Indians, people aged over 40 experienced an accelerated reduction in mortality, whereas the greatest improvements on stroke were seen in Chinese aged 55–60 years (−7.5%/year). Age effects (Figure 2B) indicated upward trends in both the countries, with rates in India increasing rapidly in the later years of life (over 55 years old). Period and cohort effects tended to illustrate a monotonic decline in both countries. For India, the period effects had seen fewer improvements than China over the last 30 years (Figure 2C). The decline for HAP-attributable mortality appeared stagnant after the progressive improvement in Indians born before 1940 (Figure 2D).
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FIGURE 2. Parameter estimates of age, period, and cohort effects on HAP-attributable stroke mortality rate in China and India from 1990 to 2019. (A), local drifts with net drifts for HAP-attributable stroke mortality. Net drifts were depicted as colored dashed lines with black dashed lines representing their 95% CIs. Error bars represented the 95% CIs for the local drift values (some were too narrow to show). (B), fitted longitudinal age curves of HAP-attributable stroke mortality (per 100,000 person-years) and the corresponding 95% CIs. (C), the rate ratios (RRs) of each period compared with the reference (2000–2004) adjusted for age and nonlinear cohort effects and the corresponding 95% CI. (D), the RRs of each cohort compared with the reference (cohort 1950–1954) adjusted for age and nonlinear period effects and the corresponding 95% CI.




Age, Period, and Cohort Effects on Household Air Pollution-Attributable Stroke Subtypes Mortality

The local drifts and net drifts of stroke subtypes for males and females in China and India are shown in Table 1. All the local drifts and net drifts in both the countries were represented by negative values, which mean improvements in subtypes of stroke mortality. No matter China or India, the improvements were the most obvious in SAH, whereas modest in IS. Local drifts of these three subtypes in China indicated considerable improvements, especially in those aged over 50 years with SAH (<−11%/year for males and females). Even though the progress in controlling mortality of stroke subtypes in India was not striking as in China, mortality reductions in India were evenly in every subtype (around −3 to −5%/year).


TABLE 1. Local drifts and net drifts of household air pollution (HAP)-attributable subtype stroke for males and females in China and India.
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Figure 3 presents the estimates for age, period, and cohort effects for subtypes of stroke. The risks of HAP-attributable ICH and IS deaths increased markedly with age in China (Figure 3A) and India (Figure 3D), with ICH higher than IS in the same age group; India had the slowest growth for HAP-attributable SAH deaths across all age groups compared with the gradual decline in China. Period effects for HAP-attributable SAH deaths in China dropped steeply with age, implying a noticeable improvement in HAP-attributable SAH mortality (Figure 3B). In contrast, downward trends for stroke subtypes in India kept at almost the same pace (Figure 3E), with equal improvements in HAP-attributable ICH, IS, and SAH mortality. For cohort effects (Figures 3C,F), the most striking reductions (reducing from 91.24 in 1915–1919 to 0.02 in 1990–1994 birth cohorts for males and 108.20–0.01 for females) were seen in HAP-attributable SAH in China. Nevertheless, the drop of HAP-attributable SAH across cohorts in India appeared not much greater than ICH and IS. In brief, compared to China, fewer improvements in mortality of HAP-attributable ICH and IS were gained in India.
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FIGURE 3. Parameter estimates of age, period, and cohort effects on HAP-attributable subtype stroke mortality rate in China and India from 1990 to 2019. (A,D), fitted longitudinal age curves of HAP-attributable intracerebral hemorrhage (ICH), ischemic stroke (IS), and subarachnoid hemorrhage (SAH) mortality (per 100,000 person-years) in China and India. (B,E), the RRs of each period compared with the reference (2000–2004) adjusted for age and nonlinear cohort effects in China and India. (C,F), the RRs of each cohort compared with the reference (cohort 1950–1954) adjusted for age and nonlinear period effects in China and India.


For the results of the Wald tests (Table 2), besides all the values of local drifts and net drifts, the period and cohort RRs were statistically significant (P < 0.01) for males and females in both the countries.


TABLE 2. Statistical parameters for overall- and age-specific annual percent changes in age-period-cohort models.

[image: Table 2]



DISCUSSION

This study comprehensively estimated on temporal trends in stroke and subtypes deaths attributable to long-term exposure to HAP in China and India. We found the trends of the ASMRs in stroke in China decreased by 39.8% compared with 35.8% in India, while stroke subtypes in both sexes and countries showed consecutive significant declines from 1990 to 2019. The age-specific and cohort-specific HAP-attributable stroke mortality declined over time in China and India. The substantially increasing age effects were presented for stroke and subtypes from 25 to 84 years. China had a rapid reduction in the independent period and cohort effects. Also, the risk of death for SAH declined the most strikingly for both sexes in period and cohort effects. Reductions of India were less favorable than China, but the independent period and cohort effects progressively decreased during the entire period for both males and females. Our analyses uncovered that the risks of stroke death attributable to HAP have been lessened in China and India. This may be because solid fuels were not a habit of usage for household cooking or heating in recent years, so the danger of death for stroke and subtypes attributable to particulate matter exposure was minimized.

One of the interesting findings was related to the fact that India and China were once highly dependent on fossil fuels which was the dangerous risk factor affecting the health of people. HAP is possible to induce the same or stronger adverse effects on the cerebrovascular system in human subjects compared to outdoor air pollution because humans spend approximately 90% of their time in indoor environments (Klepeis et al., 2001). According to the documented scientific statement from the American Heart Association, the particulate matter released from the combustion of solid flues can trigger acute cardiovascular events, possible biological mechanisms include systemic vascular oxidative stress response, endothelial dysfunction, and plaque formation (Naeher et al., 2007; Brook et al., 2010). In addition, particulate matter can directly penetrate the blood-brain barrier and be translocated into the brain, the potential neurotoxicity cannot be ignored (Mondal et al., 2018; Munzel et al., 2018). More importantly, particles in HAP could be active or have an interaction effect with other risk factors of stroke, such as increasing the incidence of hypertension (Chen et al., 2014; Giorginia et al., 2016).

The combustion of solid fuels for household cooking or heating is the most crucial source of particulate matter exposure. As reported, ambient particulate levels in HAP frequently exceed 100 times the WHO-recommended safety level for sustained periods and account for the majority of personal particulate matter exposure (Warburton et al., 2018). The HAP-attributable stroke mortality increasing with age in China and India might be positively related to more time exposure to HAP and accumulated more harmful particles in the body (Liu et al., 2018; Johnson et al., 2019). Age has been proved as the most important demographic risk factor in stroke, which means stroke burden increases in the elderly (Wang et al., 2017). However, in this study, both the age-specific and cohort-specific HAP-attributable stroke mortality declined since the early period/cohort (Supplementary Tables 1–8). It reflected a transition in epidemiology—the reduction in the risk of premature mortality from HAP-attributable stroke occurs in China and India gradually.

The transition in HAP-attributable stroke mortality is also proved by the period or cohort effects change. China had relatively higher ASMRs than India in the early period. In parallel to the APC analysis, the period and cohort effects in China and India peaked in 1990. Moreover, HAP ranked at 2 in all risk factors attributable to stroke mortality (Supplementary Figure 2) and ranked at 1 in all environmental risk factors attributable to stroke mortality in both China and India (Supplementary Figure 3), which is consistent with studies by the IHME (Roth et al., 2020). As the clean policies continue to advance, initiatives such as replacing solid fuels with liquefied petroleum gas, introducing liquefied petroleum gas into the low-income household, or targeted and innovative subsidies for clean household energy potentially help India achieve the WHO air quality standards within homes (India State-Level Disease Burden Initiative Air Pollution Collaborators, 2019). Likewise, the Chinese National Improved Stove Program and the substitution campaign on household solid fuels substantially mitigate the HAP-attributable stroke burden in recent periods and cohort groups (Edwards et al., 2007). In addition to reduce the use of fossil fuels, the air filtration has been reported that it could be part of a comprehensive strategy to improve indoor air quality and cardiopulmonary health (Chuang et al., 2017). The previous study has reported that houseplants removed particulate air pollution, so the use of houseplants is suggested to be a possible and practical air-purifying system for indoor air quality (Claudio, 2011; Wang et al., 2014). Also, economic improvement has expanded the healthcare coverage and enhanced medical technology. These measures are favorable to control indoor personal particulate matter exposure. In this context, besides the monotonously downward period and cohort effects in India from 1990 to 2019, HAP ranked at 5 in all risk factors attributable to stroke mortality (Supplementary Figure 2) and ranked at 2 in all environmental risk factors attributable to stroke mortality (Supplementary Figure 3) in India (Supplementary Figure 3). Therefore, ranks of HAP were down to 12 in all risk factors (Supplementary Figure 2) and to 2 in all environmental risk factors attributable to stroke mortality (Supplementary Figure 3) in China in 2019. As a result, China and India are on the track to meet the United Nation 2025 targets of a 25% reduction in risk of premature mortality from cardiovascular diseases (WHO, 2013).

Another interesting finding in this study was that despite the proportions of HAP-attributable IS, ICH, and SAH in a total of stroke deaths changed, the HAP-attributable ICH deaths remained the dominant role in the subtypes of stroke from 1990 to 2019. Consistent with other studies (Jiang et al., 2020), the period and cohort effects on HAP-attributable ICH were greater than that on IS, which may be mainly explained by the difference between the mechanism of HAP exposure on ICH and IS. HAP-attributable ICH mortality was linked to blood pressure increasing, oxidative stress promoting, and inflammation, while the HAP-attributable IS mortality was connected to atherosclerosis (Suwa et al., 2002; Araujo, 2011). Albeit, this study denoted the HAP-attributable SAH was relatively rare, it had the highest risk of death among subtypes of stroke in China and India according to period and cohort effects. Unlike India, the HAP-attributable SAH in China proved far more lethal than ICH or IS before 2002 and in those born before 1940. HAP-attributable SAH mortality was associated with blood pressure. Elevated blood pressure is likely to be associated with cerebrovascular rupture, especially for people with high systolic blood pressure (Muller et al., 2019). By reason SAH may contribute to sudden deaths before the patients receive medical attention, it was the most lethal subtype of stroke in the period when stroke management was undeveloped (Feigin et al., 2005).

For sex disparity, the previous study suggested the possibility of a greater risk of death in males with stroke but better survival in females (Roth et al., 2020). However, we found that stroke mortality attributable to HAP was slightly higher in males than females in most age groups and periods. The risk factors of stroke, like alcohol use or tobacco, are more prevalent in males (Fullerton et al., 2008; Meng et al., 2019); these risk factors may have interactive effects on HAP and increase the stroke mortality of males. Yet females spend more time cooking or staying in the kitchen with higher HAP concentrations than other household places (Zhang and Smith, 2007). Given that females tend to be more highly exposed, the sex difference is less pronounced for HAP.

According to the latest World Bank classification (Tian et al., 2018), China has experienced incredibly rapid economic growth and has reached an upper-middle-income level; while India has reached a lower-middle-income level. Though fuels for cooking have declined in India, about 56% of Indians are still exposed to HAP from solid fuels (Hay et al., 2017). Furthermore, marked variations on the frequency of solid fuels use still exist in different states. The underdeveloped areas, especially Bihar, Uttar Pradesh, Rajasthan, and Jharkhand, have the highest level of HAP (Dandona et al., 2017). In China, particularly in western, central, and north-eastern China, most rural residents rely heavily on solid fuels, and clean energy technology has been slow to penetrate (Chen et al., 2018). For these reasons, this study suggested that the uneven HAP exposure in the population of China and India and the existed gaps between recommended goals and the current situation should be called attention on.

The general limitations exist in this study: first, the data used in the study were extracted from the latest GBD study. There are certain deviations in the completeness and accuracy of stroke deaths. Although the GBD 2019 adopts numerous adjustments and corrections to the source, collation, and evaluation of the stroke mortality attribute to HAP to enhance data accuracy and comparability, completely refraining from data inaccuracy thoroughly seemed impossible. Second, in GBD 2019, data of the subdivisional region in China and India are not included. Hence the trends in different provinces, states, or urban and rural areas are not clear. Third, like other studies based on a population level, ecological fallacy might occur because the study might not focus on the individual level. Studies in the future should consider shortages in our research and avoid them.



CONCLUSION

Although prominent reductions were observed in HAP-attributable stroke and subtypes mortality during the past 30 years, China and India still suffered uneven HAP-attributable stroke burden. With a rapid reduction in HAP-attributable stroke mortality across all age groups over time and a relatively lower risk of death in recently born cohorts, China on behalf of the successful epidemic transition. Meanwhile, the risk of death for SAH declined the most strikingly for both sexes in period and cohort effects. Progress of India in curbing HAP-attributable stroke burden was less outstanding, but the independent period and cohort effects gradually decreased during the entire period for both sexes. Specifically, males and elder groups are the high-risk populations for stroke mortality attributable to HAP, but mortality in females cannot be ignored, either. Thus, it is of high significance to introduce advanced solid fuels to replace technology and knowledge regarding clean fuel use.
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Objectives: This study aims to examine the mediation role of satisfaction with children on the association between contact with children (CCT) and healthy aging among middle-aged and older parents in China.

Methods: Data from 9,575 parents over 45 years old were obtained from the 2018 China Health and Retirement Longitudinal Survey. A multinomial logistic regression model was applied to measure the association between contact, satisfaction, and healthy aging with potential confounders controlled. We used the Sobel–Goodman Mediation test to analyze the mediation role of satisfaction on the association between types of CCT and healthy aging.

Results: Parents with contact with adult children had higher satisfaction with children [for contact weekly (satisfied/unsatisfied): relative risk ratio (RRR) = 2.44, CI = 1.92–3.10] and higher healthy aging [for contact weekly (Q5/Q1): RRR = 1.41, CI = 1.13–1.77]. Satisfaction was strongly related to healthy aging [for satisfied (Q5/Q1): RRR = 3.44, CI = 2.14–5.51], and mediated 19.05% of healthy aging for weekly contact (Sobel test z = 4.338; indirect role = 0.014, CI = 0.011–0.018; direct role = 0.061, CI = 0.029–0.094). Subgroup analysis further revealed that satisfaction with contact played a partial mediating role between monthly contact and healthy aging in female and rural groups.

Conclusions: Monthly CCT is more appropriate for older parents. Satisfaction with children in older parents seems to act as a significant and partial mediator of the relationship between contact and healthy aging. The contribution of satisfaction to healthy aging could be important to be considered and promoted in women and rural older parents, independent of CCT.

Keywords: healthy aging, family context, older parents, contact with children, satisfaction, Chinese


INTRODUCTION

China's population is rapidly aging; by 2050, there will be nearly 400 million Chinese citizens aged 65 years old or older, 150 million of whom will be 80 years old or older (1). By 2065, the old-age dependency ratio will more than triple (2). Compared with developed countries, China's economic development level is relatively backward in terms of the aging of its society; one of its prominent characteristics is “getting old before getting rich” (3). Demographic changes, economic reforms, and modernization in China have been remarkable, but the attendant social and work pressures have weakened the ability of families to support older family members. These circumstances may challenge China's response to population aging.

As the conventional central family model is increasingly uncommon (4), one- and two-generation family households are more common. Support from adult children is one of the most important family resources related to parents' ability to adapt to functional decline (5). These resources are the material and spiritual support needed to maintain essential family functions and respond to stressful events and crises (6, 7). Family systems theory (8) further reveals the interrelatedness of family members. Life satisfaction refers to the cognitive-judgmental aspects of one's life experience (9), whereas satisfaction with children refers to the subjective feelings and evaluations of interactions and relationships with their children. Moreover, the family members' communication competence, time spent conversing among themselves, and their personalities all play an important role in explaining their satisfaction with their family relationship (10–12). As interactions with adult children seem to predict satisfaction with family relationships and adaptation to functional decline, there is a strong need to examine whether health aging in middle-aged and older parents could be managed more effectively under the influence of strong contact with adult children as well as satisfaction with their relationships with their children.

Healthy aging is defined by the WHO as the process of developing and maintaining the functional ability that enables wellbeing in older age. Healthy aging is a holistic view that encompasses both biological and medical aspects of aging, as well as subjective experiences and meanings, and emphasizes functional definitions of autonomy, participation, and wellbeing (13). As healthy aging is a comprehensive concept it is affected by many factors, such as demographic background, socio-economic status, health behaviors, and social interaction (14–16), all of which must be measured.

The role of adult children has become an important aspect of assessing the health status of the parents. Consistently low levels of positive support and an increase in negativity from children have been associated with increased mortality (17). Anticipated support from children is related to older parents' better self-rated health and fewer depressive symptoms (18). Child-related factors (number of children, proximity, and visits) were strongly associated with mental health in parents aged 80 and older after adjusting for socioeconomic factors, social support, health behaviors, and health status (19). In the context of China's current family structure, where many children do not live with their parents (20), contact with children (CCT) could be more reflective of the children's support and care for their parents than living with them. To date, research is inconclusive regarding how CCT affects healthy aging in older parents.

Filial piety is a key virtue in Chinese culture and was considered the bedrock of the social care and health system that protected and supported older people in China (21). The relationship between the parents and their adult children is the most common source of intergenerational support (22), and interaction with children is the manifestation of the parent-child relationship in daily life. There are many studies that reveal the effects of parent-child relationships on children (23–27), but few studies have examined how these relationships may have a possible association with the health of the parents (28). Parents' metabolic health may, in part, be influenced by aspects of the parent-child relationship (29), and parents tend to suffer from depression as there are decreases in the frequency of seeing their adult children and their satisfaction with the parent-child relationship (30). One study (31) suggests that increased frequency of child-parent contact may have a positive impact on relationship satisfaction on children. Healthy aging is a highly fluid and complex issue that requires further studies examining the relationship between CCT, satisfaction with relationships, and healthy aging among middle-aged and older parents to develop theoretical and empirical understanding of this under-researched area.


The Present Study

The role of CCT in the relationship between children satisfaction and healthy aging has not been explored in any previous studies, despite the potential role of relationship satisfaction as an efficient intervening measure that could promote healthy aging (16). This study aims to examine the mediation role of satisfaction with the relationship with children (CSF) on the association between CCT and the Healthy Aging Index (HAI) among middle-aged and older parents in China. Based on the literature review above, the following hypotheses are proposed:

Hypothesis 1. CCT improves CSF and HAI among the middle-aged and older population.

Hypothesis 2. CSF is also positively correlated with HAI. That is, CSF plays a mediation role in the association of CCT with HAI.




METHODS


Data and Procedure

China Health and Retirement Longitudinal Study (CHARLS) national survey of wave four was conducted from August, 2018 to March, 2019. The CHARLS is a biennial/triennial survey conducted by the National School of Development of Peking University, collecting high-quality micro-data from middle-aged and older individuals aged 45 years and above in China. The individual questionnaire includes basic demographics and information on family interaction, health status and functioning, healthcare and insurance, employment, retirement, and pension, income and consumption, household assets, and so on. Details on the sampling method and questionnaire are available at the official website (URL: http://charls.pku.edu.cn/) and in many other studies. The CHARLS research team and field teams collect the data and make the data publicly available. The total sample size of the CHARLS survey in 2018 was 19,816 individual respondents. We limited our sample to parents who had at least one alive child. Parents who had missing dependent values, independent variables, and mediation variables were excluded. The final sample contained 9,575 parents.



Healthy Aging Index

The HAI was measured using a healthy aging scale (BMRM-D-18-00329) developed by the Aging Trajectories of Health: Longitudinal Opportunities and Synergies (ATHLOS) project (32), which consisted of 16 general population longitudinal studies (33). Item response theory model was used to develop an ATHLOS scale with 41 items for measuring healthy aging (34). By drawing on existing studies, 32 items in the CHARLS database were selected for measuring HAI (see Supplementary Table 1), covering various aspects of health and aging, such as mobility, sensory skills, cognition, vitality, psychological symptoms, activities of daily living and instrumental activities of daily living, and latent trait scores were estimated. To provide a straightforward interpretation of the results, the estimated latent trait scores were rescaled to a range from 0 (least healthy) to 100 (most healthy) (35). We determined levels of healthy aging by quintiles of the HAI. Parents were categorized into five groups: Q1 (“very low” of HAI), Q2 (“low”), Q3 (“moderate”), Q4 (“high”), and Q5 (“very high”) (36).



Satisfaction With Children (CSF)

Satisfaction is a new variable added in the fourth round of the survey. Parents were asked, “how satisfied are you with your relationship with your children.” The item was rated from 1 (completely satisfied) to 5 (completely dissatisfied). Based on this, CSF was categorized into 3 groups: 1 = satisfied (completely satisfied, very satisfied); 2 = somewhat satisfied; 3 = not satisfied (not very satisfied, not at all satisfied).



Contact With Children (CCT)

The parents were asked how often do they have contact, in person or by phone, with each of their adult children. Based on this, we categorized the CCT into 4 independent variables: daily CCT, weekly CCT, monthly CCT, and two times-yearly CCT (see Supplementary Table 2).



Control Variables

Covariates were selected on the basis of their association with the independent variable and their impact on the change of the association between the independent and dependent variables. Age and gender were included as fixed covariates to be adjusted. The other covariates were included as potential confounders in the final models if they changed the estimates of CCT/CSF on HAI score by more than 10% or were significantly associated with HAI score. The following covariates were selected based on established associations and/or plausible biological relations and tested: hukou status (indicates the respondent's hukou place and is a special identifier in China, hukou status affects many aspects of life in China, such as buying a house, buying a car, children's school enrollment, and other welfare), residence, education levels, public health insurance coverage, current work status, smoking, alcohol intake, self-report of health, chronic condition, household per capita consumption, whether they live near children, number of living children, gave money to children, and received money from children. The associations of each confounder with HAI score are detailed in Supplementary Tables 3–5.



Data Analysis

Characteristics of parents across the categories of weekly CCT (yes, no, and total) are presented as the mean ± SD and the frequency (%) for continuous and categorical variables, respectively. HAI groups (Q1–Q5) across the categories of CCT (yes and no) and CSF (satisfied, somewhat satisfied, and not satisfied) are presented as the frequency (%). Characteristic differences were examined using Student's t-test for continuous variables and the chi-squared test for categorical variables. Multinomial logistic regression models (MLRM) were employed to estimate the association between CCT, CSF, and HAI. Relative risk ratio (RRR) with 95% CIs was calculated after adjusting for age, gender, hukou status, residence, education levels, public health insurance cover, current work status, smoking, alcohol intake, self-report of health, chronic condition, household per capita consumption, live near children, number of living children, transfer to children, and transfer from children. We analyzed the mediation role of CSF on the association of CCT (daily CCT, weekly CCT, monthly CCT, and twice a year CCT) with HAI through Sobel–Goodman Mediation Test, with all the selected covariates controlled.

The p-values were 2-sided, and an alpha level of 0.05 was used to define statistical significance. Data were analyzed using Stata (version 16) and R version 3.6.3 (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Parents' Characteristics

The mean age was (65.17 ± 8.39) years old. Approximately, 52.32% of the parents had three or more alive children. Most (84.31%) of subjects contacted their children weekly, but only 49.22% live together with their children. Approximately, 45.94% of them were male and 83.72% of them were married. The vast majority (89.35%) of them was graduated from junior high school and below. Approximately, 66.38% of them were from rural areas and 61.34% had a job. Approximately, 96.60% of them were insured and 68.52% of them seldom drank. The prevalence of smoking was 25.93%. Four-fifth of the subjects had one or more chronic diseases. The rate of subjects satisfied with their relationship with their children was 57.46%.

Those who had weekly contact with their children were more likely to have non-agricultural hukou and be from urban areas, have higher-level education and more household consumption, and have more financial interaction with their children. It indicated that lower socioeconomic levels hindered the CCT. Also, CSF was significantly higher in parents who had weekly CCT (χ2 = 94.991, p < 0.001) (as shown in Supplementary Table 6). HAI was higher in subjects who had CCT (daily CCT, weekly CCT, and monthly CCT) and who had higher satisfaction. The results are shown in Table 1.


Table 1. Distribution of healthy aging across contact with children (CCT) and satisfaction in parents aged 45 and older, [N (%)].

[image: Table 1]



Association Between CCT, CSF, and HAI

A multinomial logistic regression model was conducted to investigate whether CCT affected the CSF and HAI adjusting for potential confounders. The null hypothesis was βi = 0. Parents who had CCT had higher satisfaction with their relationships [for weekly CCT (satisfied/unsatisfied): RRR =2.44, p < 0.001, CI = 1.92–3.10], and HAI [for weekly CCT (Q5/Q1): RRR = 1.41, p = 0.003, CI = 1.13–1.77] as shown in Table 2. Table 3 shows that parents who were satisfied with the relationship with their children had higher HAI [for satisfied (Q5/Q1): RRR = 3.44, p < 0.001, CI = 2.14–5.51].


Table 2. Multinomial logistic regression analysis for CCT associated with satisfaction and healthy aging in parents aged 45 and older, [relative risk ratio (RRR) (95% CI)].

[image: Table 2]


Table 3. Multinomial logistic regression analysis for satisfaction associated with healthy aging in parents aged 45 and older [RRR (95% CI)].
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Two subgroup analyses of gender and residence were performed through MLRM (see Supplementary Table 7). Weekly, monthly, and twice a year CCT were positively associated with HAI in the rural subgroup, whereas the association between different frequencies of CCT and HAI was not significant in the urban subgroup. Weekly CCT was positively associated with HAI in the man subgroup, whereas monthly CCT was positively associated with HAI in the woman subgroup. Weekly and monthly CCT were positively associated with CSF in all subgroups, and twice a year CCT was positively associated with CSF in men and rural groups. Supplementary Table 8 shows that CSF was positively associated with HAI in all subgroups.



Mediating Effect of CSF on the Relationship Between CCT and HAI

Weekly, monthly, and twice a year CCT were positively associated with HAI among middle-aged and older parents. Mediation analysis, such as CSF, revealed that the association between those three frequencies of CCT and HAI was mediated via CSF. CSF played a partial mediating role between CCT and HAI in this study, and the role of this mediation accounted for from 7.42% (monthly CCT) to 19.05% (weekly CCT) with potential confounders adjusted (see Supplementary Table 9).

Weekly CCT was related to CSF (β = 0.143, p < 0.001) and related to HAI (β = 0.014, p < 0.001). CSF was also related to HAI (β = 0.101, p < 0.001). CSF mediates 19.05% of HAI for weekly CCT (z = 4.338; indirect role = 0.014, CI = 0.011–0.018; direct role = 0.061, CI = 0.029–0.094; p < 0.001). The final mediation models of the independent variable (HAI), the mediator variable (CSF), and the dependent variable (CCT) were shown in Figure 1.


[image: Figure 1]
FIGURE 1. Mediation analysis: contribution of child contact to healthy aging through parental satisfaction age 45 and over. CSF, Satisfaction with the relationship with children; HAI, healthy aging. The Sobel test was used to test the hypothesis that the indirect role was equal to 0, adjusting for potential confounders (age, gender, hukou status, residence, education levels, public health insurance cover, current work status, smoking, alcohol intake, self-report of health, chronic condition, consumption, live near children, number of alive children, gave money to children, and received money from children). Values are bolded if they achieved statistical significance at p ≤ 0.05.


Subgroup analysis of gender and residence was shown in Table 4. CSF played a partial mediating role between monthly CCT and HAI in women (z = 2.885; indirect role = 0.025, CI = 0.016–0.033; direct role = 0.371, CI = 0.265–0.477; p < 0.001), and rural (z = 3.093; indirect role = 0.021, CI = 0.015–0.028; direct role = 0.337, CI = 0.251–0.424; p < 0.001). CSF also played a partial mediating role between twice a year CCT and HAI in rural (z = 2.631; indirect role = 0.028, CI = 0.017–0.038; direct role = 0.363, CI = 0.210–0.516; p = 0.008).


Table 4. Gender and residence subgroup analysis of the mediation model of healthy aging vs. 45 and older parent satisfaction-mediated child exposure.
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DISCUSSION

Since the 1980s, the household system in almost all Chinese regions has evolved from a large unitary model to a small diversified one (37). In this study, we found that only 49.22% of parents lived near their adult children. This may add weight to the impact of CCT on the CSF and HAI of the parents. Compared with parents who did not have contact with their adult children, those who had contact with their adult children (weekly, monthly, and twice a year CCT) had a higher likelihood of CSF as well as HAI. CCT directly influences HAI by supporting the parents' health and by providing assistance in a timely fashion; it also indirectly improves HAI by enhancing CSF. This finding echoes family systems theory (8), indicating the vital role of enhanced family members' interaction in family relationship satisfaction and older members' healthy aging.


Hypothesis 1

CCT improves CSF and HAI among the middle-aged and older population, was supported. Interdependency and relation-oriented responsibilities are culturally emphasized in China (38). Older people tend to suffer from depression as the frequency of meeting and relationship satisfaction with children decreases (23), typically because psycho-social problems (such as lack of CCT) increase loneliness (39), and high levels of loneliness may signal insufficient closeness in social relationships as well as a lack of hope for the future. These factors can disrupt interpersonal wellbeing (40). Prolonged failure to contact older people in person or by phone can constitute emotional abuse of a parent by a family member (41).



Hypothesis 2

CSF is associated with HAI, and plays a mediation role in the association of CCT with HAI, which was also supported. HAI was higher in the parents who had higher CSF. And CSF in the parents seems to act as a significant and partial mediator of the relationship between CCT and HAI. More specifically, better HAI was achieved through CSF that was improved by weekly, monthly, and twice a year CCT. CSF may be associated with both physical and mental health for the older parents (28–30). Regular contact from children is in line with traditional Chinese filial culture (21) and has a positive impact on older parents' satisfaction with their children.

Meanwhile, the results of the subgroup analysis further reveal that CSF played a partial mediating role between monthly CCT and HAI in women and rural groups, but showed no signification in male and urban groups. Moreover, twice a year CCT was associated with HAI via CSF in the rural group. Workforce participation helps healthy family members (especially children) cope with chronic illness in older parents aged 60 years and older, and maintain normal family functioning (42), and it is extremely common in rural China where younger people go to the city to work and send money home to their parents, and they often only return home during the Chinese New Year (43), a situation that increases the geographical barriers for rural middle-aged and older parents to connect with their adult children. This explains, in part, why the impact of CCT on HAI among rural middle-aged and older parents is more pronounced. Women are able to recognize the importance of social networks to alleviate issues of isolation and loneliness and utilize existing support networks in times of stress in their lives (44). Furthermore, Chinese women are more emotional than men, and the gender differences are larger for middle-aged and older parents than for younger ones (45). Therefore, women can more easily capture and utilize contact with their adult children as a strong family resource. More importantly, women are physically frailer and have a higher rate of disability, but have a substantially higher rate of survival at all ages compared with men (46, 47), which may add variability to HAI in women.

Study results also indicated that CCT was hindered by lower socioeconomic levels. To improve CSF and HAI, countermeasures should be suggested that can increase CCT. First of all, the focus should be on the middle-aged and older population with low CCT, and particularly, financial support should be given to middle-aged and older people in rural areas, without spouses, with few children and low economic income levels. Second, in response to the development trend of the new digital economy model (48, 49), new job opportunities, such as rural e-commerce and community group buying, should be used to attract young people to return to their hometowns for employment. Third, more diversified methods of contact should be strengthened, especially for rural residents (whose children are unlikely to visit regularly), help seniors learn to use online platforms, such as video calling, WeChat, and Jitterbug. On the one hand, we can popularize smart devices through subsidies and gifts, and conduct centralized teaching at the village and community levels, as well as teaching within the family; on the other hand, we can make age-appropriate modifications to smart devices and application software, such as increasing large fonts, louder playback, and remote assistance services. Fourth, increase television and radio publicity to create a favorable atmosphere for parent-child contact to reduce the incidence of abuse and neglect of older people (50) and draw on the framework for global mental health capacity building (51) to develop interventions for non-contact from children.

Moreover, CSF can be seen as an outward expression of the parent-child relationship, and a higher CSF implied a closer and more harmonious parent-child relationship, which was shown to have a positive impact on the health of the parents (28–30). Therefore, CSF contribution in HAI could be important and should be promoted for female and rural middle-aged and older parents independently of CCT.


Strength and Limitations

This study makes significant contributions to the literature by assessing the association between CCT, CSF, and HAI among middle-aged and older parents, using a nation-wide representative database. CCT seemed to be more important for women and rural middle-aged and older parents. In particular, this study appeared to provide evidence of a more appropriate frequency of CCT, in other words, monthly CCT was significant for improving CSF and HAI, while neither high frequency (contact once a week) nor low frequency (contact two times a year) was significant. This suggests that monthly CCT may be a more appropriate rhythm. This frequency of CCT may maintain a balance between intimacy and alienation and lead to better results, which is also consistent with the psychological effects of interpersonal interactions.

The results and implications of this study should be considered in light of several limitations. First, given the exploratory cross-sectional design of this study, no causality inferences could be made. Second, we used secondhand data and were unable to capture certain information; the lack of data on the personality traits and preferences of children does not support further in-depth analysis of the role of these aspects in terms of how CCT affected parents' HAI. Third, the results obtained in this study may be related to its particular cultural and environmental context. Considering that filial piety is a key virtue in Chinese culture and is considered the bedrock of the social care and health system to protect and support older people in China (21). It is likely that more latent factors remain to be found. Therefore, caution should be taken when extending the present findings to address the needs of middle-aged and older parents across diverse cultural and ethnic contexts.





CONCLUSIONS AND IMPLICATIONS

In conclusion, this study highlights the importance of evaluating HAI through an approach that considers both CCT and CSF. CCT and CSF had significant predictive effects on HAI. CSF both mediated and moderated the influence of CCT on HAI. These findings indicate that improving CCT and CSF may meaningfully improve HAI. The public health implications of this study are that it provides the basis for intervention strategies for a family centered program to promote healthy aging for older Chinese parents, especially for those who live in rural China.
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Background: The burden of cataracts was substantial in the current aging world. However, few epidemiological studies have examined the associations between climate and weather conditions and cataract in older populations. We aimed to investigate the associations of air relative humidity and temperature with cataracts in older adults in China.

Methods: We used the cohort data from 2002, 2005, 2008, 2011, 2014, and 2018 waves of the Chinese Longitudinal Healthy Longevity Survey (CLHLS). A total of 62,595 Chinese older adults aged between 65 and 105 years were included in the analyses. City-level annual average air humidity and temperature during 2001 and 2017 (before the survey year) was used to measure population exposure. A cataract was self-reports based on the medical record or the doctor's diagnosis and 8,071 older adults had cataract. Covariates included socio-demographic, health status, lifestyles, and chronic conditions. We adopted the Generalized estimation equation (GEE) model to analyze the associations of relative humidity and temperature with cataracts.

Results: We found that the average relative humidity (OR: 0.99; 95% CI: 0.98–0.99) in the past year was inversely associated with cataract likelihoods in older adults and a positive association between temperature (OR: 1.04; 95%CI: 1.03,1.05) in the past year and cataract likelihoods in older adults. The associations were robust in stratified analyses by sex, urban/rural residence, and education level. Furthermore, we found a nonlinear J-shaped relationship between temperature and cataract prevalence.

Conclusion: Our findings provide the evidence that higher temperature and low relative humidity may be associated with cataracts in older adults.

Keywords: relative humidity, temperature, extreme temperature, cataracts, older adults, China


INTRODUCTION

Cataract, defined as any opacity of the crystalline lens in the eye that affects clear vision, is a common condition in later life (1, 2). Cataracts are the second leading cause of visual impairment and the first cause of blindness worldwide (3). In addition to the reduced vision-related quality of life, people with cataracts are at a higher risk of comorbidity and mortality (4). The only effective treatment for cataracts is cataract surgery, which is still very expensive in developing countries. The Chinese population is experiencing rapid aging, which will increase the burden of cataracts and cataract blindness. As of 2050, cataract cases in China aged 45–89 are predicted to more than double to 240.83 million, with a high prevalence of one-third (33.34%) (5). To identify the modifiable risk factors for cataracts in an aging society such as China is imperative for disease prevention and control.

Environmental factors-induced adverse health outcomes were well-documented (6). A large number of studies have observed both short-term and long-term effects of weather conditions (e.g., temperature, humidity) on human health, such as cardiopulmonary diseases, urinary system diseases and rheumatoid arthritis (7, 8). Studies have also suggested a relationship between both humidity and temperature and eye diseases (9). Zhong et al. found that relative humidity was negatively related to allergic conjunctivitis and there was a 5.8% reduction in allergic conjunctivitis occurrence for every 10% increase in relative humidity (10). A cross-sectional study of South Korean population revealed a negative association between dry eye disease and relative humidity levels (11). In another study, a dry eye disease diagnosis was negatively associated with humidity levels, positively with temperature and sunshine duration (12). A recent study also showed that the relative humidity was negatively, while the temperature was positively, associated with dry eye disease (13). However, the effects of long-term exposure to cold or warm temperatures and high or low humidity levels on cataracts are still poorly understood.

In light of the increasing occurrence of extreme climates and extreme temperatures, it is essential to examine their impacts on health, especially that of aging individuals, which will be directly related to future healthy aging and the creation of age-friendly environments. However, epidemiological studies on cataracts in older adults are rare. This study examined the associations of humidity and temperature with cataracts among a nationally representative sample of older adults in China.



METHOD


Study Population

Data used in this study were derived from the Chinese Longitudinal Healthy Longevity Survey (CLHLS) waves of 2002, 2005, 2008, 2011, 2014, and 2018. The CLHLS applied a multistage, stratified cluster sampling design in 23 out of 31 provinces in China. The goal of CLHLS was to understand better the determinants of healthy longevity in Chinese older adults. Between 1998 and 2018, the CLHLS was conducted in half of the counties and cities (randomly selected) in 23 out of 31 provinces in China. Details of the CLHLS have been described (14). Informed consent was obtained from all participants and/or their relatives, and the Ethics Committee of Peking University approved the study (IRB00001052-13074).

A total of 62,595 older adults were included in the final analyses by combining all six waves of CLHLS data between 2002 and 2018. Data cleaning as well as inclusion and exclusion criteria are illustrated in the flow chart (Figure 1).


[image: Figure 1]
FIGURE 1. Flow chart of the study.




Assessment in Residential Air Temperature and Relative Humidity

City-level hourly data in 2002, 2005, 2008, 2011, 2014, and 2018 of air relative humidity (%) and temperature (°C) are derived from the China Meteorological Data Network (http://data.cma.cn/). Hourly data was annually or seasonally averaged to measure residential temperature and relative humidity exposure for each participant in CHLHS, matching by the administrative codes of the cities where the CLHLS samples are resident (non-publicly available information). The temperature and humidity exposures adopted in this study are (1) Average relative humidity over the past year and (2) Average temperature in the past year. To reduce the seasonal bias, we also used (3) Average temperature in the cold months and (4) Average temperature in the warm months to measure the participants' temperature exposure. Similar with the previous publications (15), the warm months were defined as the period between May and October, and the average temperature over these 6 months was defined as the average temperature during these months. Cold months refer to January through April and November through December, and the average temperature of these 6 months is equal to the average temperature of those 6 months. The extreme heat was represented by (5) Average of daily maximum temperature, while the extreme cold was represented by (6) Average of daily minimum temperature.

Referring to the previous publications (16, 17), and trying to make the sample numbers of the five grades similar as well as the numerical critical point is rounded, the average relative humidity in the past year was classified into five categories: very low (<60), low (60–69.99), middle (70–74.99), high (75–79.99), very high (≥80). The average temperature in the past year data has been divided into five grades: very low (<5, low: 5–7.99), middle (8–9.99), high (10–12.99), very high (≥13). The average temperature in the warm months of past year data was classified into five grades as classification variables: very low (<21), low (21–22.99), middle (23–24.49), high (24.5–25.99), very high (≥26).



Cataract

Cataract information was self-reports based on the medical record or the doctor's diagnosis for each participant.



Covariates

To minimize the effect of potential confounders, we used recent literature in 10 years in PubMed to identify the variables as covariates including common predictors of cataract (1, 2, 18, 19). These variables included age, sex (male or female), residence (urban or rural), geographic region (east provinces or central and western provinces), education (illiterate, having fewer than 6 years of education, or having more than seven years of education), marital status (married or single, which includes divorced, widowed, or never married), and economic status [Log of per capita income = ln(per capita household income+1). Per capita household income (CNY)” represents the total household income in the past 12 months divided by the number of family members]. The definition of disability is any limitation in any activity of daily living, such as bathing, dressing, using the bathroom, indoor transferring, continence, or eating. Cognitive functioning was evaluated using the Chinese version of the Mini Mental State Examination (MMSE), which is one of the most commonly used tools for assessing cognitive health in older adults and documenting cognitive changes as they occur (20, 21).



Statistical Analyses

This study explored the effect of air relative humidity and temperature on the prevalence of cataracts. Baseline characteristics of participants were summarized based on the presence or absence of cataracts. We presented data as means and standard deviations (SD) for continuous variables and as frequencies and percentages for categorical variables. Associations of relative humidity and temperature with cataracts were analyzed by generalized estimation equation (GEE). We chose GEE because using the observed correlational structure of the data, we can obtain efficient and unbiased regression parameters (22). We used the logit link function and reported the Odds Ratios (OR), and 95% confidence intervals (CIs) obtained from the model estimated robust standard errors. We used an exchangeable correlation structure to account for subject-level repeated measures. Models have been adjusted for potential confounders, including demographic, health, and psychological factors. All statistical analyses were performed using statistical software Stata 14.1.




RESULTS


Description of the Study Sample

A total of 62,595 observations were included in this study. The mean age of the participants was 85.78 ± 11.27 years; the gender composition was generally balanced (44.4% men). The prevalence of cataracts was 12.89%. Nearly half (47.6%) of the older adults lived in urban areas, and nearly half (48.6%) lived in east China. More than half (55.6%) of the participants were illiterate, and about 36.2% of them were married. About 25.4% of the participants have disability in activities of daily living, and 20.9% of them had cognitive impairment (Table 1).


Table 1. Characteristics of the study samples, CLHLS 2002–2018.
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Relative Humidity and Temperature Exposure

The average relative humidity and temperature are also summarized in Table 1. The average relative humidity (mean ± SD) in the past year was 71.77 ± 8.01 %. The average temperature in the past year was 16.30 ± 3.92°C. The average temperature during the cold months of the previous year was 8.86 ± 5.57°C. During the warm months of the past year, the average temperature was 23.64 ± 2.42°C. Over the past year, the average daily maximum temperature was 21.08 ± 3.62°C, while the average daily minimum temperature has been 12.63 ± 4.54°C.



Associations of Air Relative Humidity and Temperature With Cataracts

The average relative humidity over the past year was negatively correlated with the prevalence of cataracts. In the past year, each 1% rise in average relative humidity was associated with a 1.4% decrease in cataracts (OR: 0.99; 95% CI: 0.98–0.99). In contrast, the average temperature in the past year was positively related to the risk of cataracts. There was a 4% increase in cataracts with each 1°C increase in average temperature over the past year (OR = 1.04, 95%CI: 1.03–1.05). Based on the subgroup analyses, we found that the associations were robust across subgroups of cataract risk factors, including sex, urban/rural residence, and level of educational attainment. However, a non-significant effect of average temperature was found for urban population (Table 2).


Table 2. Effects of air relative humidity and temperature on Cataracts among Chinese older adults aged 65–105 during 2002–2018: Odds Ratios (OR) from GEE models.
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We did sensitivity analyses to check the robustness of our findings via following analyses: using the average temperature in the warm months (Model I), the average temperature in the cold months (Model II), the average daily maximum temperature (Model III), and the average daily minimum temperature (Model IV). The results were consistent with our main findings (Table 3).


Table 3. Effects of air relative humidity and temperature on Cataracts: Odds Ratios (OR) from hierarchical GEE models.

[image: Table 3]

In addition, in order to examine the potential nonlinear relationship of air relative humidity and temperature with cataracts, relative humidity and temperature were modeled as categorical variables with “middle” as a reference group. According to Table 4 and Figure 2, we observed a nonlinear J-curve relationship between the temperature and cataract prevalence. This means that while the temperature is generally positively associated with the prevalence of cataracts, particularly in the “low, middle, high, very high” interval, there is no noticeable trend when the temperature is in the “very low, low, middle” interval.


Table 4. Effects of Categorical air relative humidity and temperature on Cataracts: Odds Ratios (OR) from hierarchical GEE models.
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FIGURE 2. Effects of Categorical air relative humidity and temperature on Cataracts: Odds Ratios (OR) from Model I in Table 4.





DISCUSSION

We found significant associations of annual average relative humidity and temperature with the prevalence of cataracts. The odds ratios were 0.99 (95% CI: 0.98, 0.99) and 1.04 (95% CI: 1.03, 1.05) for annual average relative humidity and temperature, respectively. Furthermore, we found a nonlinear J-shaped relationship between temperature and cataracts prevalence. The associations indicated that extreme heat and low humidity may be linked to a higher incidence of cataracts in older individuals.

We found that lower humidity and higher temperatures were associated with an increased risk of cataracts. Although limited epidemiological studies have explored the health effects of humidity, similar findings have been reported in previous studies on other eye diseases. Based on a study of 100,636 participants, relative humidity was negatively related to allergic conjunctivitis (10). In Zhong et al.'s study (13), there is also a negative link between relative humidity and dry eye disease, supporting the evidence from a Korean study (11), suggesting that the moisture in the air might have contributed to the maintenance of the tear film on the ocular surface. In support of our findings, a recent study indicated that exposure to low relative humidity on tear film adversely affected the rate of evaporation, the thickness, and stability of the lipid layer, and the production of tears; this resulted in significant postoperative discomfort. A dry environment increases light scattering, especially in older adults, who need to blink more frequently to prevent their corneas from becoming dehydrated (23).

Regarding temperature, Miranda et al. reported that senile cataract develops earlier and is more prevalent in warm regions, and that cataract prevalence increases with increasing temperature (24). According to Chatterjee et al., similar results were observed in Punjab, India (25). According to another study, plains tend to have higher average annual temperatures and a higher prevalence of cataracts than mountainous areas (26). In a study by Kodera et al., they computed the change in lens temperature as a result of exposure to ambient conditions in people 50 to 60 years of age living in tropical and temperate regions. It was observed that a strong correlation existed between the prevalence of nuclear cataracts and the computed cumulative thermal dose in the lens (27).

Low humidity may affect cataract prevalence by drying out the airways, resulting in hyperosmolarity, which stimulates nerves to produce reflex responses and may release inflammatory biomarkers (28). It has been proposed that inflammatory cytokines and growth factors in tears are altered by exposure to dry environments, thereby interfering with the immune response's homeostasis (29–31). Through the cornea, the corneal surface is directly influenced by the exterior temperature of the eye. As blood transmits body temperature to the eye, high ambient temperatures may result in thermal damage to ocular structures (32). Lifelong exposure to small increases in temperature may, therefore, contribute to the accelerated aging process of the lens by accelerating the metabolic rate of the lenticular epithelium (33). Nandi demonstrated that the transient and subtle temperature elevations in the lens of the eye could result in protein cross-linking through AGEs and cause age-related cataracts (34). Studies in animals have shown that cataracts may develop when the temperature of the eye's lens increases with the temperature of its surroundings. Brown Norway rats exposed to 35 ± 2°C for 3 weeks developed cataracts at a higher rate than those exposed to 24 ± 2°C (35). Furthermore, organ cultured rat lenses incubated at 40–50°C developed cortical cataracts (36). Evidence generated from animal models is not directly comparable to that in humans. The evidence generated from animal models does not directly indicate that humans develop cataracts in high-temperature environments due to similar mechanisms of temperature rise, but the possibility remains (34).

This study contains several limitations. First, relative humidity and temperature are only measured from ambient data at the city level (not from indoors), since personal exposure varies with the ventilation in a house and the movement of people inside the house. Second, except for humidity and temperature, we were unable to assess the possible confounding effects or interactive effects of other environmental exposures (e.g., PM2.5 and NO2) on cataracts. Furthermore, further research from the perspective of molecular biology is needed to investigate the causal relationship between relative humidity and temperature and cataract development.

To our knowledge, this is the first study in China to investigate the relationship of relative humidity and temperature with cataracts in older adults. Due to the drastic climate change and population aging across the globe, it is intriguing to study the relationship between temperature, relative humidity and age-related conditions. We believe that our finding will promote the attention of relevant personnel on eye health issues related to weather change to improve the situation of cataracts and other eye diseases among older adults in China and improve their quality of life.

In conclusion, we found that the average relative humidity in the past year was inversely associated with cataract likelihoods in older adults and a J-shaped positive association between temperature in the past year and cataract likelihoods in older adults. Our findings indicated that extreme heat and low humidity were independently associated with higher likelihoods of cataracts in older adults.
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Background: Recent Alzheimer’s disease (AD) hypotheses implicate that hepatic metabolic disorders might contribute to the disease pathogenesis of AD, but the mechanism remains unclear.

Aims: To investigate whether the elevated aspartate aminotransferase (AST) and Alanine aminotransferase (ALT) ratio is associated with future cognitive decline, and to explore the possible mechanisms of liver enzymes affecting cognitive function.

Methods: Three different clinical cohorts were included in the current study, including one cross-sectional study (Cohort 1) and two longitudinal follow-up studies (Cohort 2 and 3). All participants completed a detailed clinical evaluation, neuropsychological tests, and liver enzyme tests. In addition, some of them also underwent structural magnetic resonance imaging (MRI) scans.

Results: Cohort 1 was derived from the CRC2017ZD02 program, including 135 amnestic mild cognitive impairment (aMCI) patients, 22 AD patients, and 319 normal controls. In this cross-sectional study, we found that the AST/ALT ratio was associated with AD (p = 0.014, OR = 1.848, 95%CI: 1.133∼3.012), but not aMCI; Cohort 2 was derived from the Shanghai Brain Health Program. A total of 260 community elderly people with normal cognitive function were included in the study and followed up for 2 years. In this 2-year longitudinal follow-up study, we found that a higher AST/ALT ratio was a risk factor for future development of aMCI (p = 0.014, HR = 1.848, 95%CI: 1.133∼3.021); Cohort 3 was derived from the China longitudinal aging study (CLAS) Program. A total of 94 community elderly people with normal cognitive function were followed up for 7 years, and all of them completed MRI scans. In this 7-year longitudinal follow-up study, we found that a higher AST/ALT ratio was a risk factor for future development of aMCI (p = 0.006, HR = 2.247, 95%CI: 1.248∼4.049), and the AST/ALT ratio was negatively correlated with right hippocampal volume (r = −0.148, p = 0.043).

Conclusion: An increased ratio of AST to ALT is associated with a higher risk of cognitive impairment and may impair cognitive function by affecting hippocampal volume.

Keywords: AST, ALT, hippocampal, cognitive function, elderly


INTRODUCTION

Alzheimer’s disease (AD) is a progressive brain degenerative disease, which is the most common type of dementia in the world (1). At present, more than 35 million people are suffering from AD in the world, and this number is expected to double by 2030 (2). The pathological features of AD include the accumulation of tau and amyloid β as well as neuroinflammation (3). In addition, nitric oxide, inflammatory mediators, and reactive oxygen species might also contribute to the development of AD (4). There is increasing evidence that patients with Alzheimer’s disease (AD) may exhibit metabolic disorders (5), and the liver plays a critical role in the pathological process of AD (6). For example, Manivannan et al. found that the liver tissue of AD patients contained more environmental pollutants than age-matched controls (7). Giambattistelli et al. found that AD patients had significantly reduced plasma albumin levels, and prolonged prothrombin time-prothrombin time (PT) time (8). Wang et al. found that there were significant differences between AD transgenic mice and wild-type mice in the metabolite of liver and brain tissues, and multiple metabolite biomarker candidates had good identification abilities (9). Similarly, many studies have also shown that patients with cirrhotic often have changes in brain structure (10, 11). However, the mechanism by which the liver affects cognitive decline is not clear.

Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are widely used in general clinical practice to measure liver injury and have been proved to be associated with metabolic diseases, cardiovascular diseases (12), non-alcoholic fatty liver disease (NAFLD) (13), and upper tract urothelial cancer (14). Many studies have suggested that 40 U/L is the upper limit for both normal ALT and AST levels. However, these upper limits might not be adequate to exclude liver disease and to predict a risk of death from liver disease (12, 15). Weng et al. (16) found that elevated AST/ALT ratios (henceforth AST/ALT) were independently associated with an increased risk of developing cardiovascular disease (CVD) within 10 years in men. Zhou et al. (17) pointed out that the AST/ALT ratio was an independent factor in predicting the incidence of prostatic cancer (PCa). Canat et al. (18) suggested that an increased preoperative AST/ALT ratio had a significant association with renal capsule infiltration, renal vein invasion, and renal pelvis involvement in patients with non-metastatic renal cell carcinoma (RCC). However, until now, no studies have explored the plasma AST/ALT ratio and the risk of cognitive impairment. Therefore, we used three cohort studies to investigate the association between the AST/ALT ratio and cognitive impairment, and to explore the possible mechanisms by which abnormal liver function regulates cognitive function. Since AST and ALT are mainly related to Alzheimer’s disease, we mainly discuss the influence of liver enzymes on Alzheimer’s disease and its continuum (aMCI) in this study.



MATERIALS AND METHODS


Participants

Data were obtained from the China Longitudinal Aging Study (CLAS) (19), the Brain Health Cohort study in Shanghai1 and the Clinical Research Center Project of Shanghai Mental Health Center (CRC2017ZD02). A total of three different cohorts were included in the current study. Ethical approval was obtained from the Ethics Committee of the Shanghai Mental Health Center, and all participants signed informed consent prior to the study.


Cohort 1 (the Clinical Research Center Project of Shanghai Mental Health Center)

Cohort 1 was derived from the CRC2017ZD02 program and consisted of 476 elderly people, including 135 amnestic mild cognitive impairment (aMCI) patients, 22 AD patients, and 319 normal controls. This cross-sectional study was conducted in Shanghai (China) between 2013 and 2015, and all the subjects were elderly people in the community who were not taking cognitive drugs. By using standardized questionnaires, we collected their general demographic information (such as age, gender, education, BMI), daily living information (such as smoking, drinking, drinking tea, hobbies and exercise) and disease related information (such as hypertension, diabetes, hyperlipidemia and heart disease). In addition, we also measured their liver metabolism related indicators, such as AST, ALT, high density lipoprotein, low density lipoprotein, fasting blood glucose, triglyceride, cholesterol and APOE E4.



Cohort 2 (Shanghai Elderly Brain Health Cohort)

Cohort 2 was derived from the Shanghai Brain Health Program. A total of 260 community elderly people with normal cognitive function were included in the study and followed up for 2 years. This project was launched in 2016, which was a prospective and observational cohort study. The specific content of this project includes understanding the mortality, prevalence, incidence, and population distribution characteristics of mild cognitive impairment and Alzheimer’s disease among the elderly over 55 years old in Shanghai communities. The inclusion criteria were as follows: (1) ≥55 years; (2) permanent population of Shanghai; (3) no evidence of serious mental illness, such as intellectual disability and schizophrenia; (4) no evidence of serious physical illness; (5) agreed to participate in the study. Exclusion criteria were as follows: (1) <55 years old; (2) floating population; (3) serious mental illness and physical illness or acute stress state, for example, acute medical disorders; and (4) the guardians or the participants or refused to participate in the study. More details could be found at the following website (see text footnote 1).



Cohort 3 (the China Longitudinal Aging Study)

Cohort 3 was derived from the China longitudinal aging study (CLAS) Program (19). In the current study, a total of 94 community elderly people with normal cognitive function were followed for 7 years. The biggest difference between Cohort 3 and Cohort 2 was that this cohort had T1 structural magnetic resonance (MRI) at baseline.




Diagnostic Criteria


Diagnostic Criteria for Alzheimer’s Disease

The AD patients were assessed by a medical doctor specialized in dementia disorders. All participants with AD met the DSM-IV criteria for dementia as well as the NINCDS-ADRDA criteria for AD (20). All patients with AD should meet either a positive of amyloid PET scans or a positive of Aβ 42 protein in the CNS.



Diagnostic Criteria for Mild Cognitive Impairment Due to Alzheimer’s Disease Amnestic Mild Cognitive Impairment

The diagnosis of aMCI was based on the recommendations from the national institute on aging-Alzheimer’s association workgroups on diagnostic guidelines for Alzheimer’s disease (21): (1) concern regarding a change in cognition; (2) impairment in one or more cognitive domains; (3) preservation of independence in functional abilities; (4) not demented; (5) scored <26 points on the MoCA at the screening visit (22).



Diagnostic Criteria for the Normal Elderly

Subjects would be considered normal elderly if they were (1) age 55 or above; (2) scored 26–30 points on the Montreal Cognitive Assessment (MoCA) at the screening visit (22); (3) without cognitive symptoms as diagnosed by a physician; (4) without visual or hearing impairment; (5) did not meet the diagnosis of amnestic mild cognitive impairment (MCI) or dementia.




Exclusion Criteria

Subjects should be excluded if they have the following situations: (1) under 55 years old; (2) received hormone replacement therapy; (3) took oral contraceptives; (4) with positive hepatitis B and hepatitis C viral antigens; (5) were diagnosed with fatty liver; (6) presence of an acute illness or serious mental illness (e.g., Myocardial infarction, stroke, acute infection, delirium, major depression, schizophrenia, learning disability); (7) refuse to collect plasma; (8) Misuse of alcohol or substances; (9) frontotemporal dementia, vascular dementia, and Lewy body or Parkinson dementia; (10) major depression according to geriatric depression scale (GDS 20/30) or DSM IV; (11) other diseases that might interfere with cognitive evaluation and liver function.



Sociodemographic and Disease-Related Information

Through face-to-face interviews, we obtained the subjects’ daily life information, such as whether they smoke, drink alcohol and exercise. The way of inquiry was as follows (take smoking as an example): Do you smoke? If yes, please answer how often you smoke per week. Through their medical records and self-reports, we also obtained information about the subjects’ diseases, such as high blood pressure, diabetes, and heart disease.



Blood Biochemical Index

All participants fasted at 10 p.m. and were tested for plasma markers the following day. Alanine aminotransferase (AST), Alanine aminotransferase (ALT), fasting plasma glucose, triglyceride, total cholesterol, high density lipoprotein, and low density lipoprotein reagents were provided by Shanghai Kehua Bio-Engineering Co., Ltd., and detection was performed using a Hitachi 7600 automatic biochemical analyzer.



T1 Structural Magnetic Resonance

All the subjects in Cohort 3 were scanned on a 3.0-tesla MRI scanner (Siemens MAGNETOM VERIO 3.0T, Germen). The parameters of T1-weighted 3D magnetization prepared rapid gradient echo (MPRAGE) sequences were as follows: Matrix size = 240 × 256; TE = 2.98 ms; TR = 2,300 ms; flip angle of 9°; field of view (FOV) = 240 × 256 mm; slice thickness = 1.2 mm. The Learning Embedding for Atlas Propagation (LEAP) algorithm was used to ascertain volumetric data (23). The whole brain volume, hippocampus volume and amygdala volume of each individual was extracted directly using FreeSurfer (24). The selection of target brain regions, such as hippocampus and amygdala, was based on previous studies (25–27).



Neuropsychological Tests

At baseline, all the subjects completed a battery of neuropsychological assessments which have been described previously (28), including a Chinese version of Montreal Cognitive Assessment (MoCA) (29), a Chinese version of the Rey Auditory-Verbal Learning Test (RAVLT), and a Chinese Version of Verbal Associates task. In addition, the Geriatric Depression Scale (GDS) (30) was used to exclude depression.




STATISTICAL ANALYSIS

Continuous variables are expressed as mean ± standard deviation, while categorical variables are expressed as frequencies (%). The Kruskal-Wallis H (skewed distribution) test one-way ANOVA (normal distribution), and chi-square test (categorical variables) were used to determine any significant differences among the AD group, the aMCI group and the normal group. A general linear regression model was used to compare AST/ALT ratios in the AD, aMCI, and normal cognitive groups. Then logistics regression analysis was used to explore the relationship between the AST/ALT ratio and aMCI or AD (Cohort 1). In the cohort 2 and 3, we used the ROC curve was used to investigate the sensitivity and specificity of plasma AST/ASLT ratios in predicting the future occurrence of aMCI. The COX regression models were used to examine the association between the plasma AST/ALT ratio and the risk of cognitive impairment (whether to convert to aMCI as the dependent variable, the transition time was the time variable) (Cohort 2 and 3). Finally, partial correlation analysis was used to explore the association between AST/ALT ratio and brain structure, during which hypertension and exercise were controlled (Cohort 3).



RESULTS


Results Associated With Cohort 1

There were significant differences (p < 0.05) in age, education, plasma AST/ALT ratio, fasting plasma glucose, gender, smoker, drinker, hobby, MMSE scores and MoCA scores between AD, aMCI and the normal group, while there was no significant difference (p > 0.05) in BMI, triglyceride, cholesterol, high density lipoprotein, low density lipoprotein, take exercise, hypertension, diabetes, hyperlipidemia, heart disease, and APOE E4 among the three groups. Table 1 presents the results. By using a general linear regression model and controlling for gender, age, education, smoking, drinking alcohol, drinking tea, hobbies, and fasting blood glucose, we found that the plasma AST/ALT ratio in patients with AD was significantly higher (p < 0.05) than that in the normal group and the aMCI group, but there was no statistical difference (p > 0.05) between the normal group and the aMCI group. Figure 1 presents the results. By using multiple logistic regression analysis (no variables were controlled in the first step), we found that a higher AST/ALT ratio was associated with AD (p = 0.014, OR = 1.848, 95%CI: 1.133∼3.012), but not aMCI. However, when we put all the different variables into the logistics regression equation, we found no correlation between AST/ALT and AD or aMCI. Table 2 presents the results.


TABLE 1. Comparison of general demographic data among three groups.

[image: Table 1]

[image: image]

FIGURE 1. Compare the differences of AST/ALT among three groups. *p < 0.05; NA, p < 0.05; AST, aspartate aminotransferase; ALT, Alanine aminotransferase.

 

TABLE 2. The results of logistics regression analysis.
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Results Associated With Cohort 2

By using the ROC curve, we decided that the recommended cutoff value of AST/ALT for predicting the future occurrence of aMCI was 1.05 (sensitivity, 0.718; specificity, 0.505; the area under the ROC curve was 0.622; p = 0.002; 95%: 0.549∼0.695) (Figure 2). According to this cutoff value, the study population was divided into a lower AST/ALT ratio group and a higher AST/ALT ratio group. The average age of the lower AST/ALT group was significantly lower than that of the higher AST/ALT group, while the proportion of male, smokers, exercisers, fasting blood glucose and follow-up MOCA scores of the lower AST/ALT group were higher than those of the higher AST/ALT group (p < 0.05). There were no statistically significant differences (p > 0.05) in education, baseline MOCA score, alcohol intake, hypertension, diabetes, the total protein, total bilirubin, creatinine, total cholesterol, triglycerides, high density lipoprotein, or low density lipoprotein between the two groups. Table 3 presents the results. By using COX regression analysis, with future conversion to MCI as the dependent variable and transition time as the time variable, we found that high AST/ALT ratio was a risk factor for aMCI (p = 0.014, HR = 1.848, 95%CI: 1.133∼3.021). Table 4 and Figure 3 present the results.
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FIGURE 2. The ROC curve of AST/ALT for predicting the future occurrence of aMCI. AST, aspartate aminotransferase; ALT, Alanine aminotransferase.



TABLE 3. Relationship between AST/ALT and baseline demographic characteristics.
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TABLE 4. The results of logistics regression analysis.
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FIGURE 3. Survival regression curve of AST/ALT ratio predicting future incidence of aMCI. AST, aspartate aminotransferase; ALT, Alanine aminotransferase.




Results Associated With Cohort 3

Based on the results of the study on cohort 2, 1.05 was still used as the threshold for AST/ALT ratio in cohort 3. The ROC curve indicated that AST/ALT predicted the area under the curve of MCI was 0.765 (p < 0.001; 95%: 0.610∼0.861) (Figure 4). The right baseline hippocampal volume of the low AST/ALT group was significantly larger than that of the high AST/ALT group, and the follow-up MOCA score was also significantly higher than that of the high AST/ALT group, with a lower rate of cognitive decline (p < 0.05), while there was no statistically significant differences (p > 0.05) in age, education, baseline MOCA score, gender, smoker, alcohol intake, tea drinker, take exercise, hypertension, diabetes, the total protein, total bilirubin, creatinine, total cholesterol, triglycerides, high density lipoprotein, low density lipoprotein, the whole brain volume, left hippocampus, left amygdala or right amygdala between the two groups. Table 5 presents the results. By using COX regression analysis, with future conversion to aMCI as the dependent variable and transition time as the time variable and controlled for the right baseline hippocampal volume, we found that high AST/ALT ratio was a risk factor for aMCI (p = 0.006, HR = 2.247, 95%CI: 1.248∼4.049) (Table 6). Correlation analysis showed that AST/ALT was negatively correlated with right hippocampal volume (r = −0.148, p = 0.043). Figure 5 presents the results.


[image: image]

FIGURE 4. ROC curve of AST/ALT ratio to predict aMCI (cohort 3). AST, aspartate aminotransferase; ALT, Alanine aminotransferase.



TABLE 5. Relationship between AST/ALT and baseline demographic characteristics (7-years follow up).
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TABLE 6. The results of logistics regression analysis (7-years follow up).
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FIGURE 5. Correlation between AST/ALT ratio and right hippocampus volume. AST, aspartate aminotransferase; ALT, Alanine aminotransferase.





DISCUSSION

To my knowledge, this is the first study to examine the plasma AST/ALT ratio and the future risk of cognitive impairment, and we have come to several interesting conclusions: (1) elevated plasma AST/ALT was associated with AD but not with aMCI (Cohort 1); (2) elevated plasma AST/ALT was a risk factor for future cognitive impairment in older adults with normal baseline cognitive function (Cohort 2 and Cohort 3); (3) elevated plasma AST/ALT may contribute to cognitive impairment by affecting right hippocampal volume (Cohort 3).

About 80% of AST is present in the mitochondria of hepatocytes, while ALT is mainly present in the non-mitochondria of hepatocytes. When liver cells are damaged, AST and ALT are released from the serum, resulting in elevated serum AST and ALT levels (31). On the other hand, as liver function declines, so does the AST clearance rate (32). Therefore, serum AST level was significantly higher than serum ALT level. The ratio between the activity of AST and ALT in serum, also known as the De Ritis ratio, was first described by Fernando De Ritis in 1957. It is often used to assess liver function and reflect the severity of liver disease (33). What’s more, AST and ALT have also known to play an important role in glutamate production, which is considered as the main excitatory neurotransmitter of the central nervous system and have many critical roles in brain function.

The relationship between cognitive function and AST/ALT is extremely complex, and the mechanism is unknown. In Yoshihiro K’s study, they found that plasma AST and ALT levels were significantly negatively correlated with verbal, visual, general memory and delayed recall (34). In our study (Cohort 1), we found that the plasma AST/ALT ratio in AD patients was significantly higher than that in aMCI patients and normal controls, and was negatively correlated with the MOCA score, so our conclusions were partially consistent. To further investigate whether the plasma AST/ALT ratio could be used to predict clinical outcomes in elderly people with normal baseline cognitive function, we introduced two additional longitudinal follow-up studies (one for 2 years and the other for 7 years). The results of both cohorts (Cohort 2 and Cohort 3) suggest that an elevated AST/ALT ratio was a risk factor for future cognitive impairment. The three cohort studies mentioned above were intrinsically related, but they also had different and respective emphases, and their conclusions drawn were inconsistent. The possible heterogeneity of MCI patients might explain the discrepancies between the three studies (no differences were observed between patients without impairment and those with aMCI in the first sample, but differences were observed in the later samples). Since there were no similar longitudinal studies, we could not judge whether our findings were consistent with those of others.

Structural abnormalities in the human brain have been identified as effective biomarkers for AD, especially in its prodromal phase, and have been included in the diagnostic criteria for AD (35). The medial temporal lobe (MTL), such as the hippocampus and amygdala, are particularly interested anatomical structures in AD research, mainly because they actively participate in memory. Morphological abnormalities, including overall volume and local shape, caused by neuropathology of Alzheimer’s disease in the hippocampus and amygdala have been extensively studied (36–38). In general, such abnormalities are usually assessed by magnetic resonance imaging (MRI), such as T1-weighted imaging (39).

In the Cohort 3, we found that the right hippocampal volume of the low AST/ALT group was significantly higher than that of the high AST/ALT group, and interestingly, the AST/ALT ratio was significantly negatively correlated with the right hippocampal volume. Therefore, we proposed our study hypothesis that AST/ALT might influence the onset of cognitive impairment by influencing the volume of the right hippocampus. In Naglich A’s study (40), they found that AST/ALT was significantly associated with right and left hippocampal volume among participants aged =50. Lu et al. found that the plasma AST/ALT ratio was closely correlated with the structural change of thalamus (41). Haliloglu et al. found that AST/ALT values were significantly correlated with caudate-right lobe ratio (C/R) (42). Therefore, our conclusions were consistent.

We admit that our research has some limitations: first, the sample size was relatively small, thus limiting its reliability; second, in addition to AST and ALT, we did not include other liver metabolic indicators, such as fatty liver, etc.; third, AST and ALT were state variables that could be influenced by many other factors. During the follow-up, we only collected baseline data and could not understand the relationship between dynamic changes in liver function and cognitive function.



CONCLUSION

In summary, we found that AST/ALT was a risk factor for cognitive impairment, and the mechanism might be related to the right hippocampus atrophy induced by AST/ALT.
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Background: The aging population conundrum and the gradual weakening of older adults' health and ability to obtain resources as they age have drawn attention to this population's health. Older adults' health relates not only to their own quality of life, but also to the development of families/society.

Methods: We analyzed micro data from the 2011 and 2015 waves of the China Health and Retirement Longitudinal Study Follow-up Questionnaire, using the probit model, ordinary least squares model, and other methods.

Results and Conclusions: Both formal and informal social support significantly impacted the physical and mental health of Chinese older adults, and the community environment moderated this relationship. To build a reasonable and effective social support system for older adults and improve their health, we suggest that stakeholders should continue to strengthen the formal and informal social support provided to older adults; they should also build a community-based care system, which will allow for the moderating role of community environment on the relationship between social support and older adults' health. Family and social support factors are important for older adults' health. We should enable the moderating role of community environment on the relationship between social support and health to be fully exerted, as well as build a community-based pension system.

Keywords: social support, community environment, older adults, health, mental health


INTRODUCTION AND LITERATURE

According to the Seventh National Population Census from National Bureau of Statistics of China, the number of people aged 60 and over was 264.02 million (i.e., 18.7% of the total population), and of people aged 65 and over was 190.64 million (i.e., 13.5%) in 2020 (1). Compared with the Sixth National Population Census in 2010, the proportion of people aged 60 and over increased by 5.44% and the proportion of people aged 65 and over increased by 4.63%. Despite the increase in the older adult population, their health status is not optimistic. The health of the older-adult population is important both for their quality of life and to ensure the stable development of families and society.

The “healthy China” strategy was devised to ensure a “healthy aging” process nationwide, including the construction of a health service system, strengthened health education, and implementation of comprehensive interventions for common and chronic diseases, and mental health and care services for older adults. This strategy underpins how China has given due attention to the health problems of older adults in the country.

Among the factors affecting older adults' health, social support has been playing an increasing role. Older adults often receive economical, emotional, and other types of support from their own social networks. Formal social support (e.g., pensions and medical insurance) provides direct economic support, ensuring their medical care and the daily care of family members. Meanwhile, informal social support (e.g., spiritual comfort) has an important impact on their mental health. Additionally, factors such as community environment, relationship between one's family and the community, and the ability to access/obtain community resources impact their physical health status, psychological perception, and social adaptability, which all influence older adults' health. This suggests that social support, community environment, and older adult health may be closely linked. Further, social support may often indirectly influence older adults' health through the community environment, suggesting that different community environments modulate the potential influence that social support has on older adult health.

Many scholars have divided older adult health into physical and mental health (2–5). Self-rated health, number of chronic diseases, and self-care ability have all been found to be common ways of measuring physical health status in older adults (6–8). Mental health status has been measured using constructs including cognition, depression suppression, and interpersonal relationships (9–14).

Most current research on the factors influencing older adults' health has focused on individual characteristics, health awareness, environmental factors, and social support (15–18). That which has focused on social support has mostly analyzed the influence of formal and informal social support. Various types of formal social support have been shown to significantly affect health, such as issuing pensions, purchasing medical insurance or accessing insurance systems, and reimbursement of hospitalization expenses. Specifically, Xu and Liu (19) used difference-in-difference based on the propensity score matching method to find that the New Cooperative Medical Scheme could significantly improve self-care ability and reduce the number of chronic diseases in Chinese older adults. Wu and Jia (20) indicated that formal social support (e.g., basic old-age insurance for urban employees in China, and retirement benefits of government agencies and institutions) can promote health self-assessment. Moreover, Leng and Zhang (21) believed that implementing specific policies, such as the “new rural cooperative medical system” and the “new rural insurance” weakened “family pension” (which they deemed of an irreplaceable nature) to a certain extent, and significantly impacted older adults' daily life, especially their physical and mental health. Li (22) and Liu (23) reached similar conclusions.

Regarding informal social support, some factors affecting older adults' health are economic assistance, provision of daily care, and spiritual comfort from their children, siblings, and/or other family members. For instance, Wang and Li (24) demonstrated that home care can reduce the degree and the possibility of depression in older adults with disabilities. Sun and Ji (25) indicated that intergenerational support is an important factor affecting older adults' mental health, with adult children's provision of financial and housework support having a positive effect on mental health. Further, Ao (26), using data from a rural sample from the China Rural Urban Migration Survey, found that rural left-behind older adults' health is significantly negatively impacted by their children's abandonment. However, Kuhn et al. (27) demonstrated that children's act of going out to work increases financial support for the parents, having a positive impact on parental health.

Regarding community environment, many studies described that community infrastructure, activity places, and medical institutions can affect older adults' health to varying degrees (28–31). Other studies have analyzed community environment as a moderator of the relationship between different factors and older adults' health. For example, Peng (32) indicated that the “richness of health facilities” negatively moderates income's impact on health, which is to say that by increasing such richness, the health inequality evoked by income factors can be effectively reduced. Zheng (33) also wrote that community sports facilities moderated the impact of income, education, age, and household registration on health; specifically, the infrastructure of community sports facilities was conducive to improving the depression level of middle-aged and older adults with low income, low education, and rural household registration. Jin et al. (34) demonstrated that community environment moderates the impact of living arrangements on older adults' depression tendency. Particularly in communities with few cultural activities, this tendency was the lowest among older adults living with their children and highest among those living alone; in communities with rich cultural activities, there was little difference in depression tendency among these two groups.

In summary, the literature has generally unilaterally evaluated self-rated physical health or mental health, lacking comprehensive research measuring health using both these constructs. Further, although it has been recognized that social support has a significant impact on older adults' health, some topics remain worthy of further discussion, such as the impact of different types of social support and the moderating role of community environment in this relationship. At the same time, most studies conducted in China were limited to a certain region (city or community) or specific groups (neglected older adults, living alone, with disabilities, etc.); they had sample-related methodological limitations, sparking the need to evaluate the representativeness and generalizability of their findings.

Accordingly, we analyzed a national, large-scale data set with information on the health and pensions of older Chinese adults. In order to empirically and comprehensively test the relationship among social support, community environment, and older adults' health, we divided social support into formal and informal types and divided health into physical (i.e., self-rated health and the number of chronic diseases) and mental (i.e., depression and cognitive level) forms. We hope that this research provides stakeholders with an empirical basis to assist building reasonable and effective social-support schemes for older adults against the background of the notions of active aging and healthy aging.



MATERIALS AND METHODS

This study was based on microdata from the China Health and Retirement Longitudinal Study Follow-up Questionnaire, conducted in Peking University (hereinafter referred to as CHARLS data). The questionnaire data comprising basic family characteristics, child characteristics, health status, income, and expenditure are all integrated. We tested social support's impact on physical and mental health in different community environments on older adults over 60 years of age. We used data from the 2011 and 2015 waves of the CHARLS. We combined the variables in different databases according to the sample ID, removed the samples that do not meet the age conditions, and deleted the samples with too many missing values. The total number of samples in the original CHARLS database was about 20,936. After screening and processing the CHARLS data from the 2015 wave, we obtained an effective sample size of 10,436 older adults.



RESEARCH VARIABLES


Explained Variable

We used older adults' health as the Explained variable, dividing it into physical and mental health. Physical health was measured using self-rated health (35) and the number of chronic diseases (36, 37). In the CHARLS, self-rated health was assessed using one question, “What do you think of your health?” Participants chose “Very good, Good, Fair, Poor, Very poor.” To facilitate data analysis, we assigned values to these answers, from high to low (Very good = 5, Good = 4, Fair = 3, Poor = 2, and Very poor = 1). To measure the number of chronic diseases, the CHARLS asked respondents to provide a numerical value within the range of 0–14. The chronic diseases in the CHARLS data include Hypertension, Dyslipidemia, Diabetes, Cancer, Chronic lung diseases, Liver disease, Heart disease, Stroke, Kidney disease, Stomach disease, Psychiatric problems, Memory-related disease, Arthritis, Asthma. Importantly, the CHARLS data contains 14 chronic diseases, and such a large number made reporting the data analysis somewhat complex. Therefore, for the sake of this study, we reported only the proportions from older adults without chronic diseases, with one, and with two or more kinds of chronic diseases.

Mental health was measured using degree of depression (11, 38) and cognitive level (39). In the CHARLS, depression was measured using 10 items about the feelings and behaviors of older adults for the past week (e.g., “I was bothered by things that don't usually bother me” “I had trouble keeping my mind on what I was doing”). The items are answered on a 4-item scale: Rarely or none of the time (<1 day), Some or a little of the time (1–2 days), Sometimes or half of the time (3–4 days), and most of the time (5–7 days); total scores ranged from 10 to 40. To facilitate data analysis and referring to Gao et al. (40) and Xu (11), for positive questions, the higher the score, the higher the degree of positiveness. Negative questions were reverse scored. Regarding total scores, the lower the score, the lower the degree of depression and the better the mental health status. After assessing participants' total scores, we re-coded the data, assigning participants to two groups based on their scores: 1 (no depression) for those with a score of 20 and below, and 0 (depression) for those with scores over 20.

In the CHARLS, cognitive level was measured by a Mini-Mental State Examination form; specifically, participants responded to items on year, month, day, week, and season. One point was assigned to each correct answer, total scores ranged from 0 to 5; the higher the score, the better the cognitive function.



Explanatory Variables

We used formal and informal social support as the explanatory variable in this study. Formal social support was measured by the indicators of medical insurance (i.e., social medical insurance and commercial medical insurance), old-age insurance (i.e., social old-age insurance and commercial old-age insurance), and other social assistance programs (e.g., minimum living security funds, unemployment endowment, old-age endowment for older adults, etc.). Informal social support was measured mainly by assessing the number of living children, siblings, and financial support received from parents and children.



Control Variables

To ensure the robustness of the research model, age, sex, marital status, and residency (divided by urban and rural areas) were used as the control variables. The “sex” is considered a categorical variable which is classified as “1 male” and “0 female.” The “marital status” is classified as “married, separated, divorced, widowed, cohabitated, and single.”



Adjusting Variables

According to the literature review, community environment may moderate the relationship between social support and older adults' health. Part of the 2011 CHARLS assessed community variables, but that section was not included in the data from 2013 and 2015. Based on a study by Zhang and Li (41) and the available CHARLS data, community environment was divided into infrastructure, activity places, and medical institutions indexes.

Community infrastructure included roads, heating system, sewer system, waste treatment system, public toilets, and water and toilet sanitation systems. Community activity places included public facilities, community facilities (e.g., activity centers for older adults), nursing homes, supermarkets, kindergartens, primary and middle schools, etc. Community medical institutions included those that could be visited by community residents, such as community health service centers. The sum of these three indexes yielded the community environment (total) index. We defined a community environment index of <11 (with 11 points being the median) as an average community environment and an index >11 as a good community environment; these classifications were used for conducting sub-sample descriptive statistics and for the regression models using the adjusting variables.




MODEL DESIGN


Ordered Probit Regression Model

The model was as follows:

[image: image]

where self-reported health refers to older adults' self-reported health which is an ordered variable, “j” represents the value of self-rated health which is ranging from 1 to 5, “aj” represents the constant term of the model and x11, x12 … xn represent the independent and control variables, including social support, sex, age, marital status, and residency.



Linear Regression Model

The model was as follows:

[image: image]

where Num.disease indicates the number of chronic diseases, and cognition refers to the cognitive level, with both being continuous variables. Further, the X includes a matrix of variables such as gender, age, marital status, and place of residence. The ε is a residual term.



Binary Probit Regression Model

The model was as follows:

[image: image]

where a value of 1 for depression indicates no depression, and the x1, x2 … xn represents the independent and the control variables, including social support, sex, age, marital status, and residency.




DISCUSSION


Descriptive Statistics

The total number of samples in the original CHARLS database was about 20,936. We took the elderly group aged 60 and above as the research object, so we combined the variables in different databases according to the sample ID, removed the samples that do not meet the age conditions, and deleted the samples with too many missing values. After screening and processing the CHARLS data from the 2015 wave, we obtained an effective sample size of 10,436 older adults. Although the total sample size was 10,436, there were still missing values for some variables in many participants' data; thus, the sample size for some variables in the econometric and statistical analyses below could be 9,785.

Regarding sex, 4,973 were male (47.7%), with a male-female ratio of 1:1.1; that is, the sample was balanced regarding sex distribution.

Regarding residency, there were 2,918 urban older adults (28%), and the rest were rural; hence, there was a large difference in the distribution of residency.

Regarding informal social support, it has been shown that parental financial support tends to play an important role in health. However, most older adults no longer have living parents; further, those who do are not likely to receive support from them, owing to their advanced age.



Benchmark Regression
 
Impact of Formal Social Support

Self-rated health, the number of chronic diseases, the degree of depression, and cognitive level were the indexes used in the regression for the impact of formal social support on health (Table 1). After controlling various variables, we achieved the results in columns (1) and (3) for the mean marginal change of each variable in the probit model; columns (2) and (4) show the results of the linear regression model.


Table 1. Impact of formal social support on the health of older adults.

[image: Table 1]

Column (1) shows that older adults with endowment insurance had better self-rated health status. Pensions may increase retired older adults' disposable income, resulting in increased security that may promote positive self-rated health. Older adults with medical insurance might have showed poor self-rated health owing to the “selection effect” of medical insurance; that is, as Cutler et al. (42) described, older adults who buy medical insurance may be more likely to be highly risk averse and consider themselves in a poor health state. The promotion effect of formal social support on self-rated health was also generally found in the results for old-age insurance, and the reasons for this promotion effect seem to be similar to those depicted thus far.

The self-rated health status of females was better than that of males; this may be due to the greater work pressure borne by men. There was also significant positive relationship between age and self-rated health, which may be because they have access to more social insurance benefits, social assistance funds, and have no work pressure as age increases (43, 44). Moreover, rural older adults showed better self-rated health than their urban counterparts; this may be due to lower environmental pollution in rural areas, to rural adults being engaged in agricultural activities throughout the whole year, and to having a good physical status. Furthermore, being married, separated, divorced, widowed, and in cohabitation all had significant negative effects on self-rated health; this may be due to different forms of companionship and the care received from spouses in different marital statuses.

Column (2) shows that endowment insurance and other social assistance programs reduced the number of chronic diseases, while medical insurance increased this number. The results show that access to endowment insurance and other social assistance programs may improve older adults' mental health, which might be due to either the financial support that these sources provide, or to other types of support that they enable. This may make older adults more willing to engage in health activities and reduce the probability of suffering from chronic diseases. Meanwhile, the greater number of chronic diseases among those who had medical insurance may be related to a reduction in health behaviors after obtaining this type of insurance; this may indirectly lead to a higher probability of suffering from chronic diseases. After adjusting for covariates, the number of chronic diseases in males was lower than in females. Further, there was a positive and significant relationship between age and the number of chronic diseases; specifically, with the increase of age, physical function tends to deteriorate, and the number of chronic diseases may tend to increase. The number of chronic diseases was lower in urban older adults than rural; this may be because the healthcare in urban areas is more convenient and higher quality. Being married, separated, divorced, widowed, and in cohabitation had no significant impact on the number of chronic diseases.

Column (3) shows that endowment insurance, medical insurance, and other social assistance programs all significantly impacted the degree of depression; particularly, endowment insurance and medical insurance had a positive impact, while other social assistance programs had a negative impact. The reason might be that, although endowment insurance and medical insurance can afford a greater sense of security owing to greater certainty of receiving such support, the financial support received from other social assistance programs cannot provide such feelings, mostly because they are attached to free assistance initiatives, which are not always consistent; this reality and uncertainty may foster a certain psychological burden in older adults. Furthermore, age and urban residency showed significant effects on the degree of depression: age showed a negative effect, and urban residency a positive effect. The age-related result may be related to older people having a higher tendency toward depression; specifically, as older adults age, they may face greater psychological pressure owing to the fear of death, and thus develop depression. For urban residency, it may be that older urban adults not only have common physical health factors, but also have less social and economic pressure. Further, being married, separated, divorced, widowed, and in cohabitation had positive effects on the degree of depression, albeit not to a significant extent in the regression.

Column (4) shows that endowment insurance, medical insurance, and other social assistance programs significantly affected cognitive levels. Endowment insurance and medical insurance had a positive effect, while other social assistance programs had a negative effect. The reasons for this are similar to those depicted for the previous columns. Regarding the covariates, sex, age, and residency showed significant effects on cognitive level. Regarding sex, the males' cognitive levels were higher than the females; this may be because the males' education level may be generally higher than that of the females, having an impact on their cognitive level (45–47). Regarding residency, the cognitive level of urban older adults was better than that of rural older adults; this may be due to differences in education level, with urban residents generally having higher education levels. Regarding age, those who were older showed a poorer cognitive level, which may be related to advanced-age adults having less knowledge of mental diseases; this has been shown to be detrimental to higher cognition. Additionally, being married, separated, divorced, widowed, and in cohabitation all had positive effects on cognitive level, albeit not to a significant extent in this regression.

The result could be supported by the research of “Lu et al. (48).”



Impact of Informal Social Support

We used the same indexes as in the former regression for analyzing the impact of informal social support (Table 2). Formal social support, age, sex, marital status, and residency (divided by urban and rural areas) were used as control variables in the current analysis.


Table 2. Impact of informal social support on the health of older adults.
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Column (1) in Table 2 shows that the number of living children and children's financial support significantly and positively impact self-rated health; namely, the more living children, the stronger the parents' sense of security and the better their self-rated health. This may be because receiving higher financial support from their living children may directly improve their standard of living, also improving their self-rated health. The number of siblings and parental financial support had no significant effect on self-rated health.

Column (2) shows that the number of living children and number of siblings significantly positively impacted the number of chronic diseases; this may be because the greater the number of children or siblings, the more chores the older adults have to manage, the more help they may have to give, and the more they may need to share, all of which may contribute to developing a chronic disease. Children's financial support had a significant negative impact on the number of chronic diseases; this may be because the financial support can directly improve parents' quality of life and increase their health investment. The effect of parental financial support on the number of chronic diseases was not significant.

Columns (3) and (4) show that the higher the number of living children, the more likely older adults are to experience depression and lower cognitive levels. This may be because a higher number of children increase the likelihood that older adults still have to actively work. Meanwhile, the higher the number of siblings, the less likely older adults were to experience depression, and the better their cognitive levels; this may be because a higher number of siblings increases the likelihood for older adults to share hard work. Furthermore, children's financial support had a significant positive impact on mental health; this may be because such financial support directly improves the quality of life of older adults. The effect of parental financial support on the degree of depression and cognitive levels was not significant.

The result could be supported by the research of “Li and Ge (49).”




Moderating Effect of Community Environment

To explore the moderating effect of community environment, we conducted an analysis using the three indexes of infrastructure, activity places, and medical institutions. The results of the regression are shown in Tables 3–6.


Table 3. Impact of formal social support on physical health of older adults (regulatory effect of community environment).
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Table 4. Impact of formal social support on mental health of older adults (regulatory effect of community environment).
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Table 5. Impact of informal social support on physical health of older adults (regulatory effect of community environment).
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Table 6. Impact of informal social support on mental health of older adults (regulatory effect of community environment).
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In Table 3, Columns (1), (2), and (3) report the impact of formal social support on self-rated health, as well as show the results for the interaction terms of formal social support with the infrastructure index, activity place index, and medical institutions index. The interaction terms among the infrastructure index, activity place index, endowment insurance, and other social assistance programs were not significant; however, the interaction terms among these two indexes and medical insurance were significant, with a negative coefficient. This might be because a community with better infrastructure and activity places enables older adults to communicate more among themselves, increasing their self-rated health; further, it may be that older adults with medical insurance are more likely to be in a poor physical condition, which may lead to worse self-rated health. The interaction term of the medical institutions' index with endowment insurance, with medical insurance, and with other social assistance programs, was not significant.

Columns (4), (5), and (6) show that the interaction terms of the infrastructure index and activity place index with endowment insurance and other social assistance programs were not significant, but the interaction items with medical insurance are significant and the coefficient is negative. This might be because communities with better infrastructure and activity places indicate older adults have higher living standards, and that they may have access to higher-quality medical insurance, which may be used more actively and reduce the number of chronic diseases. The interaction between the index of medical institutions and endowment insurance, medical insurance, and other social assistance programs, was not significant.

Columns (1), (2), and (3) in Table 4 show results related to the degree of depression and formal social support. The interactions between the infrastructure index and endowment insurance and other social assistance programs were not significant; however, the interaction between infrastructure index and medical insurance was significant and positive. This may be because communities with better infrastructure may enable older adults to present a generally more positive physical and mental health status, reducing the probability of depression. The interactions among activity place index and endowment insurance, medical insurance, and other social assistance programs were all significant; the first two coefficients were positive and the third was negative. It may be that in communities with better activity places, older adults with a pension or medical insurance may present a generally more positive physical and mental health status, reducing the probability of depression. Meanwhile, communities with better activity places that provide access to other social assistance programs may enable older adults who receive such alternative programs to experience discrimination, increasing the probability of depression. Furthermore, the interaction between the medical institutions index and other social assistance programs was significant and negative. The possible reasons may be similar to those described for the activity place index. Meanwhile, the interactions among medical institutions index and endowment insurance, and medical insurance, were not significant.

Columns (4), (5), and (6) show the results regarding cognitive level and formal social support. The interaction between infrastructure index and other social assistance programs was not significant; however, it was significant and positive for endowment insurance and medical insurance. This might be because in communities with better infrastructure, older adults tend to have generally more positive physical and mental health status, leading to a higher cognitive level. Moreover, the interactions among activity place index and endowment insurance, medical insurance, and other social assistance programs were all significant, with the first two being positive and the third being negative. Additionally, the interaction between medical institutions index and medical insurance was not significant, but those among medical institutions index and endowment insurance and other social assistance programs, were significant. Specifically, the former coefficient was positive and the latter coefficient was negative. The possible causes are similar to those already described.

Columns (1), (2), and (3) in Table 5 show the results pertaining to self-rated health and informal social support. The interaction between the infrastructure index and the number of children, and between the first and parental financial support, were non-significant; however, the interaction between the infrastructure index and children's financial support, and the number of siblings, were both significant: the coefficient of the former was positive and of the latter was negative. The interaction between the activity place index and both the number of children and parental financial support were non-significant. The interactions between activity place index and both children's financial support and the number of siblings were significant: the coefficient of the former was positive and of the latter was negative. These may have been significant because, communities with better infrastructure and activity places may facilitate older adults' access to their children's financial support, which may help improve older adults' physical health. Second, such communities may facilitate the residency of more siblings of older adults, and sibling affairs (which may be of a trivial nature) may worsen older adults' physical health. Meanwhile, the interaction among the medical institutions' index, the number of children, children's financial support, parental financial support, and the number of siblings, were not significant.

Columns (4), (5), and (6) in Table 5 pertain to the results of the number of chronic diseases and informal social support. The interactions between infrastructure index and the number of children and parental financial support were not significant; the interactions between infrastructure index and children's financial support and the number of siblings, were significant and negative. The possible reasons are similar to those for self-rated health. The interactions among activity place index, medical institutions index, the number of children, children's financial support, and parental financial support were all non-significant.

Columns (1), (2), and (3) in Table 6 pertain to the degree of depression and informal social support. The interactions between the infrastructure index and the number of children and parental financial support, were not significant; however, the interactions between infrastructure index and the number of siblings and children's financial support were significant and positive. The interactions between activity place index and the number of children and parental financial support were not significant. The interactions between activity place index and the number of siblings and children's financial support were significant and positive. Additionally, the interactions between medical institutions index and the number of children and parental financial support were not significant; however, the interaction term between medical institutions index and children's financial support was significant and positive.

Columns (4), (5), and (6) in Table 6 pertain to cognitive level and informal social support. The interaction between infrastructure index and parental financial support was not significant; however, the interactions among infrastructure index and the number of children, the number of siblings, and children's financial support were significant, with the first two being positive and the third being negative. The interaction between activity place index and parental financial support was not significant. However, the interactions among activity place index and the number of children, the number of siblings, and children's financial support were all significant; the first two were positive and the third was negative. These results may be related to changes in psychological pressure among older adults after they receive informal social support in different community environments.

The result could be supported by the research of “Everard et al. (50).”




CONCLUSIONS

Using data from the 2011 and 2015 waves of the CHARLS, we discussed the relationship between social support and older adults' health in different community environments. The results showed that both formal and informal social support significantly affected both physical (i.e., self-rated health and the number of chronic diseases) and mental health (i.e., degree of depression and cognitive level). The main manifestations were as follows: the greater the endowment insurance and the other social assistance programs, the better the physical health; further, no medical insurance and children's economic support also led to better physical health. Additionally, having endowment insurance and medical insurance, but no other social assistance programs; having more siblings and children's financial support; and having a lower number of living children; all led to better mental health.

Results showed that social support affects older adults' health through health behavior and satisfaction. Specifically, the moderating role of community environment mostly manifested as a substitution: the higher the community environmental index, the lower the impact of social support on older adults' health. Therefore, to build a reasonable and effective social support system for Chinese older adults and improve their health, the following suggested:

Stakeholders should strengthen formal social support sources for older adults, optimizing pension policies and reasonably supplementing commercial pension insurances. In the face of the pension gap, which is a major concern nationwide, we can adopt methods such as delaying retirement, developing supplementary pension insurances, state-owned asset allocations, pension integration, improving pension investment scale and yield, and issuing government bonds to ensure a better economic life for older adults. Furthermore, commercial endowment insurance may be an effective supplement to the basic endowment insurance policy. The development of China's commercial old-age insurance is in its primary stage, therefore efforts should be made to “improve the multi-layer social security system to cover the whole population, to coordinate urban and rural areas, to be fair, unified, and sustainable.”

Stakeholders should improve the national health insurance system and give full play to the role of social assistance. They should also promote constructing a health system for older adults and strengthen the health management of chronic diseases; this entails accelerating the implementation of a comprehensive prevention and control strategy for dealing with chronic diseases. Moreover, stakeholders should also strengthen the construction of urban and rural social assistance systems, give full play to the role of bottom-up security, and promote and rely on charities to organize fund-raising and related activities for urban and rural older adults in extreme poverty; these actions may enable the role of the national social assistance system to be utilized to its fullest capacity.

Those invested in this topic should endeavor to improve the informal social support of Chinese older adults, carry forward the tradition of respecting and serving older adults, and implement strategies that assist in promoting self-help and mutual assistance in this population. Deeply influenced by traditional Confucianism, China has formed a traditional model of “family pension,” where children support their older adult parents. Hence, children should fulfill their responsibilities of supporting their older adult parents financially, with healthcare-related topics, and spiritually. In addition, it may be possible to implement strategies where older adults provide various types of support for each other, such as through “pair assistance” or a “time bank” model.

Finally, interested parties should enable the moderating role of community environment on the relationship between social support and health to be fully exerted, as well as build a community-based pension system. By improving the community environment, promoting more cultural and recreational activities, and improving its infrastructure, we may be able to increase the impact of this moderating effect, ultimately impacting older adults' health.

This article has several limitations. The study only intercepts cross-sectional data of a certain year for analysis, without considering the dynamic loss of health levels. In addition, health levels can be changed through subjective behavior. The study does not fully consider the intermediary effect of subjective behavior; that is, it has not investigated the impact of social support factors on later subjective initiatives and further effects on health levels. Future research should add the tracking data of the following years to the next research, establish a complete panel, and conduct a comprehensive and dynamic investigation on the samples. It should also add the intermediary factor of health behavior into the influence mechanism to further investigate how social support factors affect health level.
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Prior research has shown that environmental hazards, such as limited green space, air pollution, and harmful weather, have the strong adverse impact on older adults' cognitive function; however, most of the studies were conducted in developed countries and limited to cross-sectional analyses. China has the largest aging population in the world so the research evidence from it can offer an insight to the study in other developing countries facing similar issues and inform future public health policy and disease control. This study examined the long-term impact of environmental factors, namely, green space coverage, air pollution, and weather conditions on cognitive function using a nationally representative sample consisting of adults aged 45 years and older selected from the China Health and Retirement Longitudinal Study (CHARLS 2011–2018), the China City Statistical Yearbook, and other sources. Multilevel growth curve models were utilized for analysis and the mediator effects of physical activity and social engagement on the relationship between environmental factors and cognitive function were examined. Findings of this study showed that after controlling for sociodemographic characteristics, annual precipitation of 80 cm or more, living in areas with July temperature of 28°C or higher, urban community, and green space coverage were positively associated with cognition score at the baseline and lower precipitation, urban community, and greater green space coverage were associated with slower cognitive decline over a 7-year period. The impact of gross domestic product (GDP) seemed to take into effect more and more over time. These effects did not substantially change after weekly total hours of physical activities and levels of social engagement were added. More research on the mechanisms of the effect of environmental factors on cognition is needed such as the subgroup analyses and/or with more aspects of environmental measures.
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INTRODUCTION

Population aging is a global phenomenon. The world's population aged 60 years and older is estimated to reach 2 billion in 2050 that nearly doubles the increase from 2015, almost with 120 million living in China alone (1). The global population aged 80 and older is expected to grow from 126.5 million in 2015 to 446.6 million in 2050 (1). However, the prolonged life expectancy did not necessarily bring a better quality of life (QoL) (2). On the contrary, it may be coupled with an increased risk of disease, disability, dementia, and advanced aging before death (3), which contribute to the worse QoL among older adults. Therefore, research on health and wellbeing, and how to improve the QoL for the older population is significant and is increasingly important (4, 5).

Cognitive function is essential to QoL and survival in old age (6, 7). Cognitive decline predicts the deterioration of wellbeing, disability, and the frequent use of healthcare; it also affects the activities of daily living of an individual (8). It increased the pressure on the economy, social system, and healthcare (2). Thus, it is urgent to learn the risk factors that contribute to cognitive impairment.

Studies have shown hazard environments such as air pollution, extreme weather, and lack of greenness could affect cognitive function (9). The existing research examining air quality, weather, and green space on other health outcomes, for example, preterm birth (10), led to the focus of environmental factors in this study. A recent meta-review indicated that air pollution exposure had a significant association with cognitive decline, not only mild cognitive impairment but also Alzheimer's disease and dementia (11). The longer the exposure, the more risk for cognitive dysfunction (11). The other two studies also confirmed the adverse effect of air pollution on cognitive function (12, 13). In addition, the review by Power et al. (14) described the negative association between traffic-related air pollution, O3 exposure, and dementia-related outcome. However, cross-sectional and longitudinal studies conducted in the United Kingdom showed that the association between air pollution exposure and cognitive performance was weak (15).

Weather is another potential factor relating to cognitive function. A focused review suggested extreme environmental (heat, hypoxia, and cold) conditions affected cognitive function by activity-related stressors (16). However, the data from Schlader et al. (17) study showed that heat stress was unrelated to cognitive function and indicated that the cognitive response to the perceived increase in body temperature was the same among both older and younger adults. A recent study on a large cohort of older Americans found a mixed relationship between the frequency of exposure to precipitation and cognitive function as both positive and negative consequences were achieved on the cognitive function of the older adults depending on the exposure level (18). The data from the study by Dai et al. (19) suggested that the risk of cognitive decline was linked to either high or low temperature in older men.

The residential environment, including green space, has been related to cognitive function as well. A 10-year follow-up cohort study observed that the more green space around the neighborhood the slower cognitive decline during this 10-year follow-up period among middle-aged and older adults (20). Another population-based cohort study indicated that the green space was a protective factor for cognitive decline (21).

The relationship between environment and cognitive function has been identified in existing studies (22, 23). However, most of the studies were cross-sectional and conducted among developed countries and the results were mixed. The data from developing countries are scarce and limited. According to the data from the WHO (1) and the National Institutes of Health (NIH) (24), in 2050, 80% of older people will be living in low- and middle-income countries and the population aged 80 years or older in some Asian and Latin American countries are predicted to quadruple. Thus, this study aimed to examine the long-term impact of environmental factors, namely, green space coverage, air pollution, and weather conditions on cognitive function in China. It will fill the gap in the literature on the environment-cognition relationship in developing countries and provide evidence for future disease control and health policy formulation aiming to slow cognitive decline among middle-aged and older adults.

Furthermore, we acknowledged and examined two subdomains of cognitive function in relation to environmental factors. McArdle et al. (25) study of the Health and Retirement Study data suggested two factors to adequately capture cognitive function: one related to episodic memory and the other related to mental status. Episodic memory is an important aspect of fluid intelligence that concerns learning performance and processing of new materials and tends to decline substantially in adulthood (26). The tasks measuring mental status contain elements of both fluid and crystallized intelligence (26). Crystallized intelligence includes knowledge and skills accumulated in the past, which are not easily lost (26). Although previous research on older Chinese adults have studied these two domains (27, 28), to our knowledge, none has yet examined how they may be differently affected by environmental features.

In addition, both the physical activity participation and social activity participation may mediate the relationship between environmental factors and cognition (23, 29, 30). Physical activities affect cognition positively (31, 32), and so as social activities (28, 33). Improved green space, air quality, and weather could increase physical activity participation (34, 35) and social activity participation (36). However, research on the role of physical and social activity participation in the relationship between environmental factors and cognitive function is limited. In this study, we examine such mediating relationships.



METHODS

This study used data from four waves of China Health and Retirement Longitudinal Study (CHARLS) (2011–2018) and other sources. CHARLS is a longitudinal national survey of middle-aged and older adults in China (37). The CHARLS sample was obtained through multistage stratified probability proportional to size sampling. The baseline survey was conducted in 2011 covering 28 provinces, 150 counties/districts, 450 communities, 10,257 households, and 17,706 respondents aged 45 years and older and their spouses, if available, with an overall response rate of 80.5%. Three follow-up interviews were conducted in 2013, 2015, and 2018. We restricted our analysis to the 17,225 respondents aged 45 years and older at the baseline survey. Among them, 15,547 were reinterviewed in 2013, 14,747 were reinterviewed in 2015 and 14,014 were reinterviewed in 2018. Our analytical sample was further limited to those who were interviewed in 2011, were not missing on basic demographic variables at the baseline survey, and answered cognition questions in at least one wave. The final sample for our analysis included 16,337 respondents in 448 communities, which belong to 125 prefectures. Community-level variables came from CHARLS's Community Survey collected in the baseline survey year 2011. The community-level analyses were conducted at the prefecture level as only the prefecture-level cities or other types of prefecture units are available in the publicly released CHARLS data. To match the data at the same level, we extracted prefecture-level gross domestic product (GDP), population density, and green space coverage from China City Statistical Yearbook and other local yearbooks. For the same reason, environmental variables were also aggregated at the prefecture level. We collected weather data from the Physical Sciences Laboratory of the University of Delaware Air Temperature & Precipitation V5.01 (38) and PM2.5 air pollution data from the Atmospheric Composition Analysis Group (39). Although prefecture is a broader and larger unit than community, recent studies have done analyses on prefecture-level environmental factors and older adult's health and wellbeing and found significant associations (40–43). A map of surveyed prefectures and the number of communities in each prefecture in a table are provided in the Supplementary Materials.


Cognitive Function

Cognitive function data were obtained from CHARLS. CHARLS included the Mini-Mental State Examination (44) which is similar to the US Health and Retirement Study. It assessed memory through an immediate word recall asking respondents to immediately repeat in any order ten Chinese nouns just read to them, and a delayed recall asking respondents to repeat these words 4 min later. It assessed orientation by asking respondents to name the date (month, day, and year), season, and day of the week, assessed visuoconstruction by asking respondents to accurately redraw a previously shown picture, and assessed numeric ability through the serial sevens test which asked respondents to subtract 7 from 100 (up to five times). Following studies using the Health and Retirement Study (45), we constructed a total cognition score ranging from 0 to 31 by summing scores on immediate recall (10 points), delayed recall (10 points), orientation (5 points), visuoconstruction (1 point), and numeric ability (5 points) with a reliability score of 0.71 at the baseline survey. Two subscales were also constructed and analyzed. Episodic memory was measured with the sum of scores on immediate recall and delayed recall (20 points), and mental status was measured with the sum of scores on orientation, visuoconstruction, and numeric ability (11 points).



Environmental Variables

Based on the data availability, environmental variables in this study were collected at the prefecture level, including green space coverage, air pollution, and weather conditions. Green space coverage was the percentage of built-up areas that were covered by green vegetation, and 2011 green space coverage was extracted from the 2012 City Statistical Yearbooks. PM2.5 refers to atmospheric particulate matter (PM) that has a diameter of <2.5 μm and PM2.5 level and has been linked to cognitive outcomes (11). China regional PM2.5 (V4.CH.03) was estimated by combining Aerosol Optical Depth (AOD) retrievals from the NASA's Medium Resolution Imaging Spectrometer (MODIS), Multiangle Imaging Spectrometer (MISR), and Wide Field Ocean Observation Sensor (SeaWiFS) satellite instruments and coincident aerosol vertical profiles with the GEOS-Chem chemical transport model, and subsequently calibrated to regional ground-based observations using geographically weighted regression (GWR) and it provided annual time series of PM2.5 concentration with approximately 1 km × 1 km resolution (46, 47). The weather data from Udel-AirT_Precip V5.01 were mainly drawn from the Global Historical Climatology Network and Legates and Willmott's station records of monthly and annual mean air temperature and total precipitation, which provided monthly time series of surface air temperature and precipitation with approximately 50 km × 50 km resolution (48). The resolution was in line with the existing research by Vavrus and Behnke (49) and Guo et al. (50). Another study indicated very similar simulations between regional climate models (RCMs) at 25 km resolution and 50 km resolution for changes of temperature-related extremes and precipitation-related extremes (51). We applied ArcGIS zonal statistics to extract annual average PM2.5, monthly temperatures, and annual total precipitation for each prefecture. We used the average annual PM2.5 from 2000 to 2010 to capture the possibly delayed effect of air pollution on cognitive function (52). The temperatures in January and July and annual precipitation were the average for 1981–2010 and were dichotomized to capture extreme weather conditions: annual total precipitation (≥80 cm), temperatures in January (< -10°C/14°F) and July (≥28°C/82.4°F), similar to the use of these variables for weather conditions in the study by Zeng et al. (52).



Physical and Social Activity Participation

The CHARLS asked about three categories of physical activities: (i) vigorous physical activities that required hard/high-intensity physical effort, (ii) moderate physical activities that required a moderate physical effort, and (iii) walking at home or at work for travel, recreation, or leisure. For each category of physical activities, the respondents were asked whether they performed these activities for at least 10 min continuously in a usual week, the number of days they performed them, and how much time they spent on those days. Based on this information, we calculated the total number of hours a respondent spent on physical activities in a normal week. To obtain a normal distribution, the log form of the variable was calculated and analyzed.

Social activity participation was measured with the count of eight social activities each respondent participated in the month before the interview (interacted with friends; played Ma-Jong, chess, cards, or went to a community club; provided help without pay to family, friends, or neighbors who did not live with the respondent; went to a sporting, social or other kinds of the club; took part in a community-related organization; did voluntary or charity work; cared for a sick or disabled adult who did not live with the respondent without pay; and attended an educational or training course); it ranged from 0 to 8.



Individual-Level and Community-Level Covariates

The characteristics of the respondents, namely, age in years, gender, education level (no education, primary school, middle school, and above), marital status (married vs. unmarried), living arrangement (living alone or with spouse only, living with children, and living with others), and annual household expenditure, were controlled. The existing literature has shown that expenditures are a better measure of economic resources available to the family than income in developing countries (53). Prefecture-level GDP in Chinese yuan (CNY), population density, and whether the respondent lives in an urban community or rural village were also included as control variables. The summed total of annual household expenditures and prefecture-level GDP were log-transformed to correct skewness.



Statistical Analysis

Descriptive statistics for individual and community characteristics were first calculated. As we acknowledged that environmental factors were correlated with each other, as indicated in the study by Li et al. (54), before estimating the models, we examined correlations among environmental measures and found a high correlation between average monthly temperature and annual precipitation (r = 0.77). To avoid underestimation of their effects, we dichotomized temperature and precipitation measures following the use of these variables in the study by Zeng et al. (52). The five environmental measures included in this study had the size of correlations ranging from 0.07 to 0.48. Tolerance scores based on ordinary least squares (OLS) regression using only the baseline data showed that the tolerance scores for these measures ranged from 0.55 to 0.89. Then, to take full advantage of the four waves of data on cognitive function, we used multilevel linear growth curve models to examine the relationship between environmental features on the initial level and trajectory of cognitive function over the 7-year study period. Such models belong to a general class of multilevel models that take into consideration the clustering of observations (within persons and communities) by allowing residuals to be distributed and related across persons and communities (55–57). Four occasions of measurement of cognitive function were nested within individuals who were nested within communities and prefectures. Each respondent's cognitive function scores over the 4 waves were a function of time (time = 0 at baseline survey year 2011 and the value on time indicates years since baseline, ranging from 0 to 7). We specified the intercept(s) (baseline cognitive function scores) and slope(s) (yearly rate of change in cognitive function scores) as random. We used the MIXED procedure in Stata Version 14 to estimate multilevel linear growth curve models using the maximum likelihood method.

Four models were estimated for the overall cognition score first and then separately for episodic memory and mental status. The first model included environmental features and individual-level controls. The second model added measures of community socioeconomic characteristics, namely, urban/rural community, prefecture-level GDP, and population density, to see whether they explain some of the associations between environmental features and cognitive function. The third and fourth models added physical activity participation and social activity participation separately into Model 2 which allowed us to examine whether physical activity participation and social activity participation mediate the relationship between environmental features and cognitive function.




RESULTS


Descriptive Statistics

Table 1 shows descriptive statistics. The average score at the baseline was 14.75 for overall cognition, 7.04 for episodic memory, and 7.52 for mental status, and all the three cognitive function measures declined at each follow-up survey. About 51% of the respondents were female. The mean age was 58.83 years. About 27% of respondents did not have any education, 40% had primary school education, and 34% had an education higher than primary school. Over 81% of respondents were married and living with a spouse. About 60% of respondents were living with their children and 31% were living alone or only with their spouse. The average annual household expenditure was CNY 21,747 (about $3,425 with the currency exchange rate as of 6.35). On average, the participants had about 26 h of physical activity in a usual week and less than one social activity participation in the past month. Among the communities included in the study, the average annual PM2.5 was 44.34 μg/m3 which was higher than the most recent standard of 35 μg/m3 published by the China Ministry of Ecology and Environment (58) and much higher than the revised standard of 12 μg/m3 published by the US Environmental Protection Agency (EPA) (59). The built area green coverage rate was 37.8%. About 14% of the communities had an average January temperature below −10°C, 22% had an average July temperature of 28°C or higher, and 61% had average annual precipitation of 80 cm or more. One-third of the communities were urban communities. The average prefecture-level GDP in 2011 was CNY 240,665 million (about $37,900 million with the currency exchange rate as of 6.35) and population density is 468 persons/km2.


Table 1. Descriptive statistics for individual and community characteristics.
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Environmental Features and Baseline Cognitive Function

Table 2 reports the results from multilevel growth curve models for the overall cognition score. Among the environmental features, controlling for individual demographics and other environmental features, green space coverage rate, July temperature, and annual precipitation were significantly associated with the baseline (time = 0) cognitive score (Model 1). The cognitive score would improve by 0.05 points if the built area green coverage rate increased by 1%. Living in areas with annual precipitation of 80 cm or more was associated with 0.58 points lower in the cognitive score. Living in areas with a July temperature of 28°C or higher was associated with 0.57 points higher in the cognitive score. These associations were attenuated when community socioeconomic characteristics were added in Model 2, but green space coverage and annual precipitation remained significant at p < 0.01 level while July temperature became marginally significant. Living in an urban community was associated with 1.43 points higher in the cognitive score (p < 0.01). When physical activity participation was added in Model 3 and social activity was added in Model 4, both the physical activity participation and social activity participation were positively associated with baseline cognitive function. However, there was little change in the associations between environmental features and baseline cognitive score. The annual PM2.5 averaged from 2000 to 2010 was not significantly associated with baseline cognitive function.


Table 2. Regression coefficients from multilevel linear growth curve model of trajectories of cognitive function in mid and later life.
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Table 3 reports the results from multilevel growth curve models for episodic memory and mental status. Controlling for individual demographics and other environmental features, PM2.5 and high annual precipitation were negatively associated with baseline episodic memory score (“Episodic memory”: Model 1) while high July temperature was positively associated with baseline episodic memory score. Annual precipitation remained significant after community socioeconomic characteristics were added in Model 2. There was not much change in these associations after physical activity and social activity measures were added in Model 3 and Model 4. Urban community, physical activity, and social activity were positively associated with baseline episodic memory. Green space coverage range, low January temperature, and high July temperature were positively associated with mental status (“Mental status”: Model 1). These associations were attenuated after community socioeconomic characteristics were added in Model 2, but green space coverage rate and January temperature remained significant. There was not much change in these associations after physical activity and social activity measures were added in Model 3 and Model 4. Urban community, GDP, population density, physical activity, and social activity were positively associated with mental status.


Table 3. Regression coefficients from multilevel linear growth curve model of trajectories of episodic memory and mental status in mid and later life.
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Environmental Features and Cognitive Function Trajectories

In Table 2, green space coverage rate and annual precipitation were significantly associated with the overall cognitive function trajectories over the 7-year study period (Model 1). 1% increase in green coverage rate lowered the decline rate in the overall cognitive score by 0.01 points, and annual precipitation of 80 cm or more was associated with 0.15 points faster decline rate in the overall cognitive score. When community socioeconomic characteristics were added in Model 2, green space coverage rate was no longer significantly associated with the change in cognitive score, but annual precipitation remained significant. Urban community and one-point higher in prefecture-level GDP (log) lowered cognitive decline rate by 0.14 and 0.05 points, respectively. There was no significant association between the annual PM2.5 averaged from 2000 to 2010 and the cognitive decline rate. When physical activity participation was added in Model 3, physical activity participation was not significantly associated with the rate of decline in the cognitive score and there was little change in the association between environmental features and cognitive decline rate. When social activity participation was added in Model 4, social activity participation was not significantly associated with cognitive decline rate and there was little change in the associations between environmental features and cognitive decline rate. Among other individual-level covariates, the overall cognitive scores among women were 0.5–0.54 points lower than men (p < 0.01). As age increased 1 year, the overall cognitive score declined 0.13 points across the models (p < 0.01). In comparison with people without any education, the cognitive scores of those with primary education and middle school or more education were 4.25–4.34 points higher and 6.68–6.95 points higher, respectively (p < 0.01). The respondents who were married and living with their spouse had 0.46–0.51 points higher cognitive scores than those unmarried respondents (p < 0.01). The respondents living with children were 0.28–0.31 points lower in baseline cognitive score across models (p < 0.01). When the annual household expenditure (log) increased by one unit, the cognitive score increased 0.18–0.2 points (p < 0.01).

In Table 3, green space coverage rate, January temperature, and annual precipitation were significantly associated with the trajectories of episodic memory over the 7-year study period (“Episodic memory”: Model 1). While higher green space coverage and lower January temperature lowered the decline rate in episodic memory, higher precipitation was associated with a faster decline in episodic memory. Green space coverage rate and precipitation remained significant after community socioeconomic characteristics were added in Model 2 and these associations did not change much when physical activity and social activity measures were added in Model 3 and Model 4. Urban community and higher GDP were associated with a slower decline rate in episodic memory. Except for population density being associated with faster decline in mental status, none of the environmental features were significantly associated with the rate of decline in mental status, which could be attributable to crystallized intelligence of mental status not easily lost as fluid intelligence of episodic memory over time thus might be less responsive to environmental factors. The associations between individual-level covariates and the two subdomains of cognitive function were generally consistent with the patterns found in overall cognition with one exception that women were 0.25 points higher than men in episodic memory but 0.73 points lower than men in mental status.




DISCUSSION

In this study, we examined the relationship between environmental features and cognitive trajectories among middle-aged and older adults in China. After controlling for sociodemographic characteristics, we found the positive associations of environmental factors with baseline cognitive function from the higher rate of built area green coverage on overall cognition and mental status, January temperature below −10°C on mental status, and July temperature of 28°C or higher on all the cognitive measures, while higher precipitation seemed to be detrimental for overall cognition and episodic memory. PM2.5 had a negative impact on episodic memory only. These findings are consistent with existing literature (18–20, 60). Green space would be beneficial for both physical and mental health, as previous studies showed (35). People tend to exercise more and/or experience a better mood when there is more green coverage. The impact of precipitation might be due to the effect on mobility (36) and decreased exposure to sunlight (61). With higher precipitation, people might be less likely to go outside for physical and/or social activities (34, 62). We also found positive associations between urban community and GDP and cognitive function which are consistent with the literature. Being in an urban community or a more affluent or populous region was likely to slow down cognitive decline as urban communities may provide more resources such as public facilities, healthcare, easy access to local services, and so on (63–65).

The growing evidence suggests that air pollution, especially PM, is associated with cognitive decline (12, 66). Our results were mixed on the air pollution effect. Based on the available data, we found a negative association between PM2.5 and episodic memory, but PM2.5 was not significantly associated with the overall cognition score and mental status in our data. One explanation may be as Zeng et al. (52) pointed out in their study that the non-statistically significant association between air pollution and mortality was possible because the follow-up period was not long enough. The same reason could be applied to the relationship between air pollution and cognition in our finding. The other attributing factor might be the variations in estimating cognitive function. There are several other studies showing less consistent results for various reasons. In Kulick et al. (67) study, the authors achieved mixed results by revealing the significant association between residential air pollution and cognitive function and decline among older adults in one cohort but not the other in the northern Manhattan area of New York City. A study by Gatto et al. (68) found no association between air pollutants and a global cognitive score among middle-aged and older adults in Los Angeles. The study on the relationship between PM2.5 and incident cognitive impairment by Loop et al. (69) stated that the evidence was lacking to achieve a robust association. Given the mixed results, the conclusion on the findings of this study should be drawn with caution.

If taking into consideration of cognitive trajectories, the environmental factors of annual precipitation of 80 cm or more, urban community, and green space coverage at the baseline remained significant and lower precipitation, urban community, and greater green space coverage are associated with slower overall cognitive decline over a 7-year period. In addition, the impact of GDP (log) became statistically significant. It seems that in a long run, the influence from economic development may take into effect more and more over time. The results of episodic memory shared a similar trend as overall cognition but green space coverage had a more robust effect on episodic memory across models. The over-time higher July temperature was associated with a faster decline in episodic memory after controlling community socioeconomic characteristics. The temperature might affect cognition through physical, mental, or physiologic impact, but the influencing factors were not exhaustive in this study. The advantage of living in a more urbanized community diminished over time for mental status and the higher population density could even bring adverse effects. As explained in the study by Xiang et al. (65), high population density is one downside among many that are coupled with China's drastic rise in urbanization in the recent decades. They all lead to more and more constricted life space for the senior population, which has been shown to be associated with cognitive decline (65).

In accordance with previous literature, physical activity participation and social activity participation were positively associated with all cognitive measures among middle-aged and older Chinese adults in this analysis. However, the relationship between environmental factors and cognitive function did not substantially change after weekly total hours of physical activities and levels of social engagement were added, and thus the physical and social activity participation did not seem to mediate the relationship between environmental factors and cognitive function. The finding suggested that Chinese middle-aged and older adults do not necessarily reduce their physical and social activities when facing unfavorable environmental conditions. A caution was raised for mental status as our results showed that the positive association between physical activity at baseline and cognitive function might level off as time passed by. This seemed to suggest physical activity participation should be maintained over time to fully benefit from it. More research is needed to identify other possible mechanisms in the relationship between environmental factors and cognitive function.


Limitation

Due to the data availability, the measures for environmental factors were not ideal or comprehensive enough. The data on green space, air pollution, and weather conditions were extracted and merged from different sources which were constrained by data source limitation and accuracy. For instance, the analyses could only be done at the prefecture level for selected years. The intense rainfall might be underestimated given that it could be highly localized but was spatially averaged in the RCMs over 50 km ×  50 km resolution (49). Furthermore, the statistical analyses indicated an association between prior environmental factors and cognitive function and cognitive change over time, but it did not track changes in environmental factors over time. Future study is warranted to examine the full impact of the environment on cognition and establish causal pathways. Despite these limitations, this study performed a rigorous test using longitudinal data from a national representative sample of older adults in China and combined the data of environmental features to provide a new perspective on the environmental influence on cognitive trajectories among middle-aged and older adults. It led the way for potential exploration and more in-depth analyses in this realm.




CONCLUSION

This study examined the effect of environment on cognitive function. The results added value to the existing knowledge of the association between environmental factors and cognition. In general, the findings suggested increasing green space coverage which is a readily modifiable factor, improving socioeconomic conditions, and promoting the level of physical and social activity participation for middle-aged and older adults. Efforts should also be made to mitigate the possible detrimental effect of heavy rainfall on older adult's health and wellbeing and air pollution on cognition. From the policy perspective, a favorable environment for cognitive health would be more beneficial for promoting aging in place.
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The indoor environmental quality is based on the indoor environmental performance of buildings, such as air temperature, lighting, and acoustics. These parameters have a specific impact on users' health and experience. This study explores the relationship between the indoor environment of residential elderly care facilities in cold regions and the sensitivity of the elderly to these facilities with the aim of improving the elderly care environment. This study measured the acoustic, lighting, and thermal environment in four residential elderly care facilities in Northeast China in spring, summer, autumn, and winter through a participant survey. In the residential elderly care facilities surveyed in this study, brightness and illuminance show a nonlinear relationship with lighting evaluation. With an increase in brightness and illuminance, the satisfaction of the lighting environment in different seasons first increases and then decreases. The relative humidity of the different types of rooms varies greatly in spring and less in winter. The average air quality score of the bedroom is higher than that of the activity room. The correlation between odor assessment and overall indoor environmental quality is very poor. The results of the questionnaire survey indicate that the participants were satisfied with the facilities' overall indoor environmental quality. This quality is affected by physical, environmental, and demographic factors. This study provides a reference for the design of other residential elderly care facilities.

Keywords: indoor environmental quality, care facility, the elderly, cold region, physical environment


INTRODUCTION

The global population is rapidly aging, which has brought unprecedented challenges such as increased medical and long-term care expenditures (1). The main function of residential elderly care facilities (RECF) is to provide living and activity, visitor, and care conditions for the elderly (2). Undoubtedly, the indoor environmental quality (IEQ) of RECF affects the physical and mental health of the elderly (3). IEQ factors mainly include the acoustic environment, indoor air quality (IAQ), temperature, lighting, visual, and auditory comfort, which impact users' comfort and health (4–7). Because the elderly spends most of their time indoors, the indoor environment has a great impact on the health of the elderly. Therefore, it is necessary to create a comfortable indoor living environment for the elderly to protect them physically and psychologically.

Excessive unwanted noise can be detrimental to health and prevent seniors in care facilities from recovering from hearing loss. Long-term exposure to an environment above 65 dB(A) can cause serious health problems such as sleep disorders, hearing loss, tinnitus, high blood pressure, and cardiovascular disease (8, 9). The elderly are more tolerant of sound but also more sensitive (10). Noise perception derives from the acoustic comfort of the surrounding environment and can reflect different evaluations of sound and soundscape (11). For many seniors, background noise and lighting interfere with sleep, cause poor concentration and physical tiredness, and interfere with normal communication. The requirements of occupants in a lighting environment change with age (12, 13). From a physiological point of view, due to the decline in retinal function, lens hardening, weakening of lens light, eye diseases, and other reasons, the elderly have higher lighting requirements (14). Additionally, because the elderly are sensitive to the surrounding temperature, it is important to maintain a constant and appropriate temperature in their living environment. When the temperature is lower than 15°C, the blood pressure of the elderly increase (15). Elderly people spend most of their time indoors. Therefore, IAQ directly affects the health of elderly people (16). Several studies have found that high CO2 concentration is directly related to the air pollutants concentration in indoor environment (17, 18). Sleeping in a bedroom with high levels of CO2 can affect sleep quality and daytime focus. When the CO2 concentration in the air exceeds 2,000 ppm, it causes dizziness and increases the heart rate (19). Long-term exposure to this environment can damage human health (20).

The elderly gather regularly in the activity room in care facilities. The study found that when the reverberation time in the activity hall exceeded 4 s or the sound pressure level (SPL) exceeded 65 dB (A), the subjective evaluation of the acoustic environment comfort of the elderly decreased (21). Compared with fast-rhythmed music, slow-rhythmed music has a better effect on improving the emotional state of the elderly. Under the setting of natural sounds, the pleasure brought by individual activities is significantly higher than that of collective activities (22). Indoor space layout, home facilities, and indoor environments have a significant impact on depressive symptoms in elderly individuals (23). A study of the lighting environment in special care facilities found that dynamic lighting in the living room significantly reduced the anxiety behavior of patients with dementia (24). Satisfaction with the living environment is negatively correlated with depression and positively correlated with physical activity (25). A study on the indoor thermal environment of elderly families during the Beijing heating season showed that the acceptable temperature of the rural elderly was lower than that of the urban elderly. However, acceptable temperatures may not meet the long-term health needs of the rural elderly (26).

Currently, there is a lack of research on the IAQ, acoustic environment, lighting environment, and thermal environment of RECFs in Northeast China, as well as on the relationships between these factors. A comfortable IEQ is subjective and based on individual perceptions of environmental parameters (including SPL, lighting, air temperature, relative humidity, and air quality) (27–29). It is a complex response to a building and its physical environment, which depends on the individual's physiological conditions (such as social relations, health, and financial status). Four representative indoor environment parameters were used to study the IEQ of SPL, lighting level, indoor temperature, and air quality (30–32). These parameters can be used to measure or investigate the auditory, visual, and thermal comfort and IAQ of an indoor environment.

Therefore, to improve the elderly care environment, this study focused on six issues:

• How satisfied are the elderly with the indoor environmental quality of RECF? The main items to be investigated included the acoustic environment, lighting environment, thermal environment, and IAQ.

• What is the relationship between different physical environmental factors and overall IEQ evaluation?

• How do elderly people with different demographic and social backgrounds evaluate RECF differently?

• It is expected that this research will provide theoretical support for the design of RECF indoor environments.



METHODS

In this study, the SPL, illuminance, brightness, temperature, humidity, and IAQ of the activity room, bedroom, restaurant, corridor, and consultation room of four RECFs were measured. A survey was administered to collect evaluations of the elderly of the RECFs' physical environment factors. The experimental process is illustrated in Supplementary Figure 1.


Sites

We conducted field surveys in four RECFs in Harbin, Changchun, and Shenyang, the capital cities of China's three northeastern provinces, from spring to winter 2018. Harbin, Shenyang, and Changchun have mid-temperate continental monsoon climates. The annual average temperature in Harbin is 4.5°C, the average temperature in January in winter is approximately −19°C, and the average temperature in July in summer is approximately 23°C. The annual average temperature in Shenyang is 8°C, the average temperature in January in winter is approximately −11°C, and the average temperature in July in summer is approximately 25°C. The average temperature in Changchun is 5.5 °C, the average temperature in January in winter is approximately −15°C, and the average temperature in July in summer is approximately 24°C. The details of these four RECFs are shown in Table 1. The floor plans and photographs are shown in Supplementary Figures 2, 3, respectively.


Table 1. Profiles of the four facilities.

[image: Table 1]

Although RECFs differ in many important aspects, all establishments provide accommodations, meals, laundry, activity rooms, and medical services for the elderly. Subsequently, probability (stratified) sampling was used to select samples (33). Small RECFs were defined as facilities with < 150 beds, medium RECFs as facilities with 151–300 beds, large RECFs as facilities with 301–500 beds, and super-large RECFs as facilities with over 500 beds. These divisions are defined in the building design codes for senior facilities in China.

We named the four RECFs investigated in this study HGD, GX, SHQ, and AD, which are present in Harbin, Changchun, and Shenyang, respectively. Details are presented in Table 1. The research and survey seasons were spring, summer, autumn, and winter of 2018. The spring test was conducted from 15 April to 20 May; summer test was conducted from 20 July to 15 August; autumn test from 13 October to 9 November; winter test from 5 January to 15, and 28 January to 8 February (for more information, see Table 1).



Participants

The elderly at the facilities were asked to participate in a survey, and information on their backgrounds, such as age, gender, and education, and their satisfaction with the IEQ indicators of the RECFs were collected. The final analysis only included surveys completed by residents who had lived in these RECFs for 6 months or more. According to Rockwood et al.'s frailty scales, the elderly who scored between 1 and 4 qualified as participants in this survey, meaning that their physiological and psychological status was sufficient to participate in the study (34). According to Rockwood et al.'s frailty scale, a score of 1 represents very fit, 2 represents well, 3 represents well with treated comorbid disease, and 4 represents apparent vulnerability. Overall, the elderly with scores between 1 and 4 had a better physical condition. According to the frailty scale, the elderly selected in this study were all healthy and autonomous. As noted above, 885 surveys were collected, 315 in spring, 94 in summer, 350 in autumn, and 126 in winter. Of these, 408 (46.1%) were men and 477 (53.9%) were women (Supplementary Figure 4).



Measured Indoor Environment

In terms of the types of rooms tested and the parameters studied, eight bedrooms, six activity rooms, four restaurants, four corridors, and four consultation rooms were sampled in the four RECFs, with sample measurements including eight major indoor environmental parameters: SPL, brightness and illuminance levels, temperature, relative humidity, CO, CO2, and O2. The physical environment test consisted of two parts: a continuous test in a fixed room, and an instant test at the end of the questionnaire.

A multipoint layout method was adopted for each room. Six rows of measurement points were arranged along the long axis and three columns of measurement points were arranged along the short axis in each room. Each replicate was 1.2 m from the floor, and at least 1.0 m from the walls and windows. The physical environments of the four RECFs were tested and a survey was conducted during each season. The test time for each room was from 8:00 to 22:00 at intervals of 1 h. The test contents, instruments, test ranges, and accuracies are listed in Table 2. For the thermal environment, a Center 314 temperature/humidity data logger was used to measure the air temperature and relative humidity. Taking illuminance (lx) and luminance (cd/m2) as parameters for evaluating the luminous environment, T-10A and GPH-1001 lighting environment measuring instruments were used to collect 20 sets of data continuously, and then 20 sets of data at 1 h intervals until completion. The standing test height was 1.6 m, and the sitting test height was 0.9 m. The detailed test process is illustrated in Figure 1. SPL was used as the parameter to evaluate the acoustic environment, and it was recorded using an 801-sound level meter. In each season, each room was tested once, and each test lasted for 2 days. The background noise of the fixed room was between 30–35 dB(A). Finally, hourly data were averaged and plotted. During the measurements, the sound level meters were set at low speed. The distance from the measurement site to the wall and other reflective surfaces was at least 1 m. The distance from the measurement site to the ground was between 1.2 m and 1.5 m. Illuminance and brightness were measured at the height of the line of sight of the survey participants. The environmental variables at the sites were continuously recorded for 20 min, after which average values were calculated. The thermal environments of temperature and humidity were measured following ISO 7726. The indoor CO, CO2, and O2 concentrations were measured using calibrated fast-response digital instruments (MS500-5). According to the recommendation of ISO 7726, data were recorded every 5 min at an altitude of 1.1 m. The four environmental parameters were measured during the same period and on the same date. The acoustic and lighting environments were measured using hand-held instruments, and the thermal environment and IAQ were measured by placing the instruments in fixed positions. Supplementary Figure 5 shows a photograph of the test process.


Table 2. Measurements and instruments used in the study.

[image: Table 2]
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FIGURE 1. Layout of the test points.


After the questionnaire survey, the IEQ of the rooms investigated was tested. Ten repeated tests were performed in the lighting environment and the average of the results was taken. The acoustic environment was tested three times using an 801-sound level meter, and 10 sets of readings were automatically recorded each time. The SPL readings were analyzed using the A-weighted mean value. If a sudden noise occurred during the test, the IEQ test was repeated. The thermal environment read the corresponding test values in the instrument according to location and time, and the results were averaged. IAQ was analyzed using portable instruments.



Survey

In this study, a survey was used to explore the subjective perception and satisfaction of occupants of RECFs on the building's acoustics, lighting, thermal comfort, IAQ, and overall IEQ. The survey was compiled with reference to surveys in studies with similar goals and designs (35, 36) and then tested and modified through pilot surveys. The survey was piloted with 30 elderly individuals from a RECF in Harbin, independent of those included in this study. In the pilot survey process, a face-to-face survey was conducted to improve the return rate. Information was divided into two main categories: background information and satisfaction with IEQ (see Supplementary Table 1). Each participant completed the survey to 1–3 times per day.



Statistical Analysis

SPSS 20.0 was used for statistical analysis. Pearson correlation analysis and linear regression analysis were used to determine the relationship between the elderly's evaluation of indoor environmental comfort and the four environmental factors, and the mean difference was used to investigate the influence of seasons and regions on RECF indoor environmental changes. Statistical significance was set at p < 0.05.




RESULTS AND DISCUSSION


Evaluation of the Acoustic Environment
 
Sound Pressure Level

As shown in Figure 2, the overall SPL in spring was higher than the overall SPL in autumn. The SPL of the activity room exceeded 65 dB(A) in spring. The SPL of the restaurant shows a regular change, which is higher between 7:00 and 8:00, 11:00 and 13:00, and 17:00 and 18:00. This finding is consistent with the dining habits of the elderly. The SPL of the activity room fluctuated the most in summer, with relatively small changes in spring, summer, and winter, and showed the opposite trend to that of the restaurant.


[image: Figure 2]
FIGURE 2. SPL measurement in different seasons and different rooms. (A) Spring, (B) Summer, (C) Autumn, and (D) Winter.


According to the Chinese industry standard “Architectural Design Standards for Elderly Care Facilities JGJ450-2018,” where the occupants are elderly, have excellent sound insulation and noise prevention devices, the noise in the living environment should be <40 dB(A), the air sound insulation should not be <50 dB(A), and the impact sound should not exceed 75 dB(A) (37). The noise levels of the RECFs in this study were slightly higher than stipulated, with a median level between 50 dB(A) and 60 dB(A). This difference may depend on specific sound sources in each RECF, the different behaviors of employees and the elderly, and traffic noise (38). Additionally, some employees occasionally walking in corridors can generate noise (for example, night shifts or caring for the elderly) (38). From this perspective, the surveyed RECFs need to strengthen noise control.



Evaluation of Acoustic Factors

According to the evaluation results (Figure 3), the acoustic comfort level scores of bedrooms, activity rooms, restaurants, and corridors are almost all lower than 5 points in the four seasons, indicating that the acoustic environment of these types of rooms is poor.


[image: Figure 3]
FIGURE 3. Evaluation of acoustic indicators of 4 RECFs based on seasonal differences. (A) Acoustic comfort, (B) Loudness, (C) Noise level, (D) Intelligibility, and (E) Preference degree.


Generally, the acoustic environment of the four RECFs was evaluated at a medium level (3.5–5 points). According to the seasonal change survey, there was no obvious change trend for acoustic indicators, nor were the evaluation results in bedrooms and activity rooms affected by seasonal changes. Autumn's assessment value was more than 1% lower than those in summer and winter. This was because when the survey was conducted in autumn, the surrounding buildings were under construction, and the resulting noise affected the evaluation of the acoustic environment. The overall acoustic environment change was not significantly affected by room type and season, but the overall score was not high; therefore, the acoustic environment of RECF should be strengthened.



Relationship Between SPL and Acoustic Evaluation

The result of the linear relationship between the acoustic evaluation and SPL indicates that regardless of the season or room, the acoustic evaluation decreases as the SPL increases (Figure 4). The linear relationship between the SPL and acoustic evaluation of different types of rooms shows different trends with seasonal changes. The linear relationship between the SPL in the bedroom and restaurant and acoustic evaluation was poor. The linear relationship between corridor SPL and acoustic evaluation was better in spring, summer, and autumn (R-square > 0.7, p < 0.01) and worse in winter (R-square = 0.432, p < 0.01). The linear relationship between the SPL of the consultation room and acoustic evaluation shows little seasonal variation (R-square between 0.522 and 0.712, p < 0.01).


[image: Figure 4]
FIGURE 4. Fitting between SPL and acoustic evaluation based on seasonal differences. (A) Spring, (B) Summer, (C) Autumn, and (D) Winter.


An evaluation value exceeding four points indicates that the participants were satisfied with the surrounding physical environment. In summer, they generally expressed dissatisfaction with the acoustic environment when the SPL exceeded 65 dB(A). The SPL requirements were slightly higher in autumn and winter, and when the level reached 60 dB(A), they expressed dissatisfaction. For bedrooms and activity rooms, the satisfactory level was between 60 dB and 65 dB(A). When the noise level exceeds 70 dB(A), the acceptance of noise is greatly reduced, and the elderly express dissatisfaction (39).

In this study, the acoustic levels in the bedrooms and activity rooms were all higher than the recommended values. The noise generated could originate from floor contact noise (38). Additionally, some staff members occasionally move around and produce noise (38). When most of the elderly were in an activity room or outdoors, the noise level in the bedrooms was reduced. The relationship between the SPL in the bedroom and restaurant and the acoustic evaluation is poor (R-squared < 0.653, p < 0.01), and research on the relationship between the SPL in the bedroom and restaurant and the satisfaction of the acoustic environment should be further strengthened to meet the acoustic environment needs of the elderly.




Evaluation of the Lighting Environment
 
Illuminance and Brightness

As shown in Figure 5, the illuminance and brightness values of the five types of rooms showed a trend of first increasing and then decreasing, but their respective peaks varied with the seasons. Illuminance peaks in the bedrooms and restaurant occurred between 9:00 and 11:00. The overall brightness in the summer and autumn was higher than that in the spring and winter. According to previous investigations, the activity of the elderly peaks in the morning and before lunch, which was considered in the RECF design. Lighting is usually affected by weather, building location, and orientation. For the elderly who like reading and indoor activities, lighting directly affects their quality of life (40). Seasonal effects also lead to differences in lighting in the RECFs.


[image: Figure 5]
FIGURE 5. Illuminance and brightness measurement in different seasons and different rooms. (A) Illuminance (spring), (B) Brightness (spring), (C) Illuminance (summer), (D) Brightness (summer), (E) Illuminance (autumn), (F) Brightness (autumn), (G) Illuminance (winter), and (H) Brightness (winter).


The most direct environmental factor affecting the comfort of the elderly is the lighting intensity of the room. According to a Japanese company's research, the overall comfortable illuminance of the room varies from 50 to 250 lx for the elderly; the comfortable illuminance value for younger people accounts for approximately 2/3 of this illuminance, demonstrating that the elderly have a higher demand for lighting (41). In this study, the measured illuminance and brightness were inconsistent. This may be related to the survey season of these RECFs, construction time, structure of the building, and choice of construction materials (42).



Evaluation of Lighting Factors

The evaluation of lighting in the bedroom and consultation room was significantly affected by the season (Figure 6). From the perspective of the seasonal changes, it can be seen that the lighting environment evaluation in summer was higher than that in autumn and winter. The lighting environment evaluation was approximately 4.7, 4.0, and 3.9 in summer, winter, and autumn, respectively.


[image: Figure 6]
FIGURE 6. Evaluation of lighting factors of 4 RECFs based on seasonal differences. (A) Lighting equipment, (B) Light distribution, and (C) Interior lighting.


As a high-latitude region, Harbin experiences long days of sunshine in summer, with sufficient sunlight to compensate for the lack of indoor lighting distribution. The average lighting evaluation of the bedroom was 4.5, and the average lighting evaluation of the activity room was 3.5. The evaluation of lighting and lighting distribution in bedrooms was better than that in activity rooms because participants could control the lighting in the bedroom.

Lighting can be adapted to occupants' needs, increasing the happiness index of the elderly and supplementing dim lighting in winter. Mitsuhashi et al. reported the feasibility of using high-intensity artificial light for phototherapy in RECFs and measured the distribution of horizontal illuminance in major public spaces during winter. The horizontal illuminance of the elderly exceeds 2000 lx (43). Changes in vision associated with aging are among the most important physical changes, and the elderly need less lighting than younger adults to perform the same tasks (42, 44). In summer, the corresponding satisfaction is higher because sunlight can supplement lighting. The RECF should strengthen the lighting in spring, autumn, and winter to meet the needs of the elderly for the lighting environment.



Relationship Between Lighting Environment and Lighting Evaluation

The lighting indices include brightness and illuminance, which have a nonlinear relationship with the lighting evaluation (Figure 7). It can be seen from the figure that within a certain range, with the increase in brightness and illuminance, the evaluation of brightness and illumination also increases. After a certain limit, with the increase in brightness and illuminance, its evaluation begins to decrease. The linear relationship between bedroom brightness and brightness evaluation was poor (R-squared between 0.314 and 0.418, p < 0.01). With changes in spring, summer, autumn, and winter, the linear relationship between the illumination of the consultation room and its evaluation gradually improved (R-squared from 0.456 to 0.703, p < 0.01).


[image: Figure 7]
FIGURE 7. The fit between lighting indicators and lighting evaluation for 4 RECFs. (A) Brightness (spring), (B) Illuminance (spring), (C) Brightness (summer), (D) Illuminance (summer), (E) Brightness (autumn), (F) Illuminance (autumn), (G) Brightness (winter), and (H) Illuminance (winter).


The evaluation of the brightness comfort level and illuminance comfort level by the elderly showed significant differences between the measured rooms (p < 0.01). The elderly preferred significantly less brightness in autumn and winter, while less illuminance was preferred in spring and summer (Figure 7, p < 0.01). The thresholds of the bedrooms and activity rooms were similar, with participants satisfied with an illuminance of <1000 lx. However, in an ordinary room, most of the measured values of vertical and horizontal illuminance were much lower than the reference value of 750 lx, and the illuminance of the corridor was <200 lx (45). The illuminance of the RECFs investigated in this study was higher than the reference value of 750 lx, as indicated by Sinoo in the Netherlands (42). The illuminance and brightness thresholds for the RECFs are not stipulated in official international documents.

In summary, the four RECFs we surveyed met participants' lighting needs. Turner et al. pointed out that insufficient lighting may aggravate insomnia in the elderly population. A lighting threshold of 2,500–3,000 lx has been proven to reduce insomnia in the elderly and improve total sleep time (46). From this perspective, although the main resting space of the elderly is the bedroom, the lighting in ordinary rooms is also critical to the daily activities of the elderly. The corridor was the center of each room. If lighting conditions are poor, the elderly may be in danger of falling. Therefore, RECF should consider the lighting conditions of corridors and other areas that are usually overlooked.




Evaluation of the Thermal Environment
 
Temperature and Humidity

As shown in Figure 8, the temperature fluctuations of the five types of rooms during the four seasons were small, indicating that the RECFs selected in this study were better for indoor temperature control.


[image: Figure 8]
FIGURE 8. Temperature and Humidity measurement in different seasons and different rooms. (A) Temperature (spring), (B) Humidity (spring), (C) Temperature (summer), (D) Humidity (summer), (E) Temperature (autumn), (F) Humidity (autumn), (G) Temperature (winter), and (H) Humidity (winter).


Temperature and humidity are key indicators for assessing room comfort. The temperature measurements showed no obvious differences between the active rooms and bedrooms. In line with the findings of some previous studies (47), our research found that the humidity in the activity rooms was higher than that in the bedrooms.

Maintaining air comfort in RECFs is important, but requires consideration of the activities of the elderly. Related research has indicated that in the absence of physical activity, the indoor temperature should be close to 25°C; in the case of physical activity, it should be lowered but remain higher than 20°C. Humidity should be maintained between 25 and 55% (48). Additionally, according to T18883–2002, the standard temperatures for heating in winter should fall within 16–24°C and for air conditioning in summer should be 22–28°C (49). The temperatures in this study were either higher or lower than the recommended temperatures in summer and winter.



Evaluation of Thermal Environment Factors

Our research analyzed three thermal environment indicators (temperature, relative humidity, and ventilation) of different RECFs and their correlation with the IEQ (Figure 9). The results demonstrate that the elderly were satisfied with their RECF thermal environment, and almost all the temperature and ventilation evaluations exceeded four points.


[image: Figure 9]
FIGURE 9. Evaluation of thermal factors of 4 RECFs based on seasonal differences. (A) Temperature, (B) Humidity, and (C) Ventilation.


The temperature evaluation of the bedroom, corridor, and consultation room showed a similar trend to seasonal changes; that is, the evaluation in summer was significantly lower than that in spring, autumn, and winter. The temperature evaluation of active rooms and restaurants showed a similar change trend with seasons; that is, the evaluation in summer was higher than that in spring and autumn (Figure 9A).

The humidity evaluation of the five types of rooms showed no obvious regularity with season (Figure 9B). As the elderly can often open windows or doors at will, the bedroom ventilation is highly rated (Figure 9C). Because ventilation in activity rooms cannot meet everyone's needs, there are differences between the RECFs. Generally, however, they evaluated the ventilation in autumn as low. The analysis of the amount of ventilation and humidification required in winter indicated that the variety of ventilation methods of each facility, such as opening windows and living room doors, is closely related to building performance: the colder the area, the more the ventilation increases (50). Overall, the elderly in this study had higher satisfaction with the thermal environment of RECF. Further research should focus on ventilation in activity rooms.



Relationship Between Thermal Environment and Thermal Evaluation

There was a good fit between the seasonal temperature and thermal environment evaluation (Figure 10). For all the RECFs, the threshold did not vary greatly depending on the season or room, and the elderly were satisfied with temperatures between 25 and 26.5°C. Regardless of room or season, a humidity of 40–45% was most comfortable for the elderly. There were significant differences between the evaluation values of temperature and humidity in the five rooms (p < 0.01).


[image: Figure 10]
FIGURE 10. The fit between thermal indicators and thermal evaluation for 4 RECFs. (A) Temperature (spring), (B) Humidity (spring), (C) Temperature (summer), (D) Humidity (summer), (E) Temperature (autumn), (F) Humidity (autumn), (G) Temperature (winter), and (H) Humidity (winter).


Unlike the results of Taleghani et al. and Jin et al. (51, 52), our results indicate that the elderly prefer a drier environment, with some interviewees stating that high humidity makes them feel breathless, hot, and stuffy.

Physically and psychologically, elderly prefer warm environments. For sedentary elderly individuals, the best temperature is approximately 25.3°C. The temperature range is 16–25°C in winter and 22–31°C in summer (53). The satisfaction of the elderly with temperature and humidity in summer is lower than that in other seasons, indicating that the temperature and humidity control of RECF in Northeast China is still lacking in terms of seasonal replacement.




Evaluation of Indoor Air Quality (IAQ)

As shown in Figure 11, the CO levels in all five rooms were relatively stable. The CO levels were below 8 ppm in all four seasons, meeting the national safety standards. The CO2 content in the different types of rooms showed different trends. The CO2 levels in the corridors and consultation rooms varied less over the time of the day (approximately 400 ppm) and were stable across seasons. The CO2 concentration in the bedroom and restaurant generally peaks at 11:00–13:00, whereas the peak CO2 concentration in the activity room generally occurs between 9:00 and 10:00 in the morning and between 14:00 and 16:00 in the afternoon (Figure 11). This finding is consistent with the life and rest rules of the elderly population. The oxygen content of the five types of rooms was relatively stable. In the four seasons, the oxygen content fluctuated around 21%, which was in line with the normal standard.


[image: Figure 11]
FIGURE 11. CO CO2 and O2 measurement in different seasons and different rooms. (A) CO, (B) CO2, and (C) O2.


As people spend more than 90% of their time indoors, IAQ is important (54). In the survey, IAQ evaluation included odor, freshness, and cleanliness (Figure 12). As a result, the elderly are less sensitive to odors and correlate poorly with overall IEQ assessments, even though living environment odors are critical to the health of the elderly. Research on IAQ in facilities for the elderly has an important impact on their quality of life and health. Mendes et al. evaluated IAQ in the urban elderly care center (ECC) of 425 elderly individuals in Porto, Portugal, and found that fungal concentrations often exceeded reference levels. In addition, other pollutants exceeded the reference levels (55). Bedrooms and playrooms are places where seniors often spend their time. Moreover, the activity room is relatively crowded, and the IAQ is worse. Therefore, targeted IAQ improvement measures should be implemented for different types of rooms.


[image: Figure 12]
FIGURE 12. Evaluation of air quality of 4 RECFs based on seasonal differences. (A) Indoor air quality, (B) Odor, (C) Freshness, and (D) Cleanliness.




Relationship Between Physical Environmental Factors and Overall IEQ
 
Correlation Between IEQ Indicators Evaluation and Physical Environment

To study the influence of physical environment on the overall IEQ evaluation, we first analyzed the correlation between different physical environments and the overall IEQ (see Table 3). The elderly had a good overall IEQ evaluation of the four physical environmental parameters, all of which exceeded 4.5 points (out of seven). The four selected physical environment parameters had a high positive correlation with the overall IEQ evaluation and a strong influence on IEQ, with all correlation coefficients close to or above 0.7 (p < 0.001; see Table 3).


Table 3. Correlations between IEQ and four environmental parameters.

[image: Table 3]

The four IEQ factors were further studied to evaluate the physical environmental parameters of the RECFs comprehensively (Table 4). In Table 4, column A shows the mean evaluation and standard deviation of the four factors of the elderly in different types of rooms.


Table 4. Evaluation of four RECFs.

[image: Table 4]

Activity rooms and restaurants had the highest ratings, with close to five points. For corridor, the scores for acoustics, lighting, and IAQ were lower than four points. The lower corridor evaluation (from Column B) might be due to poor acoustic and lighting environments because their correlation with IEQ evaluation was as high as 0.826 and 0.701 (p < 0.001). The IEQ evaluations of the other five types of rooms have a high correlation with the four physical parameters, with correlation coefficients of between 0.66–0.85 (p < 0.001).



Evaluation of IEQ Factors by Season and Location

This study found that seasonal changes affected IEQ satisfaction. Autumn had the highest IEQ evaluation, with all four factors being close to five points (p < 0.01). Participants generally indicated that spring and autumn were more comfortable than summer and winter (see Table 5), perhaps because the elderly prefer the climate in spring and autumn. Particularly in the IAQ evaluation, the spring (5.183) and autumn (5.071) evaluations were significantly higher than the summer (4.179) and winter (4.113) evaluations (p < 0.01). The reason for the high IEQ satisfaction during autumn might be the suitable thermal environment in autumn, warming in spring, and the end of the hot summer in autumn. However, the frequent opening of windows in the summer can cause outdoor traffic noise and air pollution. The abundance of sunshine in summer may be pleasant for the elderly, but too bright a light can affect their actions. However, lack of sunlight in winter can also affect the activities of the elderly (56). For example, Sinoo et al. found that in seven RECFs, at least three-quarters of the measurements had corridor brightness significantly below the 200 lx threshold (42). Therefore, in winter, or when there is insufficient lighting, the RECF lighting environment should be considered. Mishima et al. also demonstrated that we need to consider the elderly who suffer from poor environmental lighting, leading to disorganized circadian rhythms (57). Therefore, in winter, or when there is insufficient lighting, the RECF lighting environment should be considered. For different room types, the bedrooms were more comfortable than activity rooms based on the evaluation, perhaps because bedrooms are private spaces and residents have more freedom to open windows, close doors, or pull curtains according to their preferences. The relative advantages and costs of private bedrooms are controversial, especially given the current commitment to creating cost-effective and people-centered care facilities. Similar to our results, Calkins et al. also found that bedrooms are better than shared activity rooms in RECFs (58).


Table 5. Evaluations of IEQ factors based on seasonal differences and location differences.
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Effects of Demographic Factors

IEQ satisfaction has a significant relationship with people's background (59–63). This background includes physiological factors such as gender and age; social factors such as education, retirement, and marital status; and lifestyle factors such as residence time and place of origin. This section includes an analysis of the impact of these factors on the IEQ satisfaction of the elderly based on all RECF surveys. Seven personal and social factors that may affect IEQ satisfaction (Table 6) were selected. In general, gender differences had no significant impact on IEQ factor evaluation, while residence time and marital status had an impact (p < 0.01). Age and education had a significant effect on all IEQ factors except temperature (p < 0.01). The following subsections discuss the impact of personal and social factors on IEQ evaluation.


Table 6. Relationship between IEQ evaluations value and residents' background.
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Influence of Physiological Factors on the Evaluation of IEQ Factors

This study explored the effects of different age groups on lighting, acoustics, and IAQ. The evaluations of the under-65 and over-85 groups were similar, with ratings of the lighting environment, acoustic environment, and IAQ higher. However, the two 65–85-year groups rated humidity evaluation and odor evaluation higher, perhaps because those over 85 have poor physical functioning and relatively low sensitivity to the environment, making it difficult for them to perceive changes. In addition, some studies have shown that with an increase in age, the evaluation of the comfort of the acoustic environment of the elderly is increasing, indicating that the tolerance of the elderly to the acoustic environment is higher than that of the young (64). In our study, the 66–85-year age group also rated slightly lower than those aged 60–65 years (see Figure 13). As the light received by the retina decreases with age, the elderly require more lighting. After the age of 70 years, they have difficulty seeing some details, vision loss, and the lighting requirements increase after the age of 50 (44). Although most studies suggest that as the visual function of the elderly declines, lighting conditions have a greater impact on them. However, the study by Wang et al. showed that there were no significant differences in the subjective evaluations and ECG indicators of the elderly under different lighting conditions (65). The influence of lighting color on the elderly has gradually attracted attention. Studies have found that low-saturation lighting can help improve the mood and comfort of the elderly, and medium-high saturation lighting can affect thermal sensations in the elderly (66). Therefore, the RECF under investigation still needs to improve the lighting conditions. According to Indraganti and Peng's research results, there is no obvious correlation between age and thermal comfort, and gender and age have a minimal influence on thermal evaluation (67, 68). However, we found that the elderly were more sensitive to changes in humidity. This result is consistent with the findings of Jin et al. (69).


[image: Figure 13]
FIGURE 13. IEQ factors evaluation based on age difference. (A) Acoustic evaluation, (B) Lighting evaluation, (C) Temperature evaluation, (D) Humidity evaluation, (E) Odor evaluation, and (F) IAQ evaluation.




Influence of Social Factors on the Evaluation of IEQ Factors

As shown in Figure 14, in a quiet environment, people with higher education and pension levels are more comfortable. By contrast, in a noisy environment, acoustic comfort decreases with an improvement in education level. Elementary school or below is classified as basic education, junior high school or high school as secondary education, and college degree or above as higher education. The boundary between quiet and noisy environments is an SPL of 60 dB(A) (70). The elderly with higher education had higher personal attainment and usually gave positive evaluations, whereas those with basic education had relatively low IAQ ratings (below four points). The evaluation of the elderly with secondary and higher education was higher than that of those with a basic education (p < 0.01). The elderly with basic education had relatively low IAQ scores (below four points). According to a survey by Guo et al., this difference comes from the respondents' different understandings of IAQ (71). They found that people with higher cultural backgrounds had higher evaluations of IAQ.


[image: Figure 14]
FIGURE 14. IEQ factors evaluation based on the difference in education level. (A) Acoustic evaluation, (B) Lighting evaluation, (C) Temperature evaluation, (D) Humidity evaluation, (E) Odor evaluation, and (F) IAQ evaluation.


The impact of pensions on the evaluation results was similar to that of education level (Figure 15). This is likely because basic education corresponds to a low pension (<2,000), and higher education to a high pension (>5,000). Elderly people with low pensions and basic education have stricter environmental requirements, and those with higher pensions and higher education have a higher tolerance for the environment. Similar to the present study, Cui et al. showed that with an increase in income, the elderly's evaluation of acoustic environment comfort decreases (64).


[image: Figure 15]
FIGURE 15. IEQ factors evaluation based on pension difference. (A) Acoustic evaluation, (B) Lighting evaluation, (C) Temperature evaluation, (D) Humidity evaluation, (E) Odor evaluation, and (F) IAQ evaluation.


Marital status can cause large differences in IEQ satisfaction (Supplementary Figure 6). Overall, divorced older adults had a higher IEQ rating than other groups; widowed older adults had an average IEQ rating of less than four points, and married older adults had a relatively stable evaluation of various factors, unlike the single group. However, in contrast to the findings of Cui et al. (64), our results demonstrate that the divorced elderly were more satisfied with the environment than the married elderly (p < 0.01), perhaps because the former are more likely to be emotionally suffering; the RECF environment increases their socialization, making up for the lack of a close relationship, greatly alleviating their cognitive impairment. Håkansson et al. demonstrated that unmarried (single, divorced, and widowed) people are more likely to have cognitive impairment than married people (72), which can create uncertainty in evaluating the surrounding environment.

Moreover, according to research by MOUSAVI-NASAB and others, married (and divorced) people will have strong episodic memory, which is good for the health of the elderly, while single and widowed people will have negative memory and cognition, impacting them in the long run (73). Therefore, in the IEQ, the scores of divorced and married older adults were higher than those of widowed and single individuals (p < 0.01).



Influence of Lifestyle Factors on Evaluation of IEQ Factors

The residence time also had an impact on IEQ evaluation. With increased time spent in RECFs, the IEQ evaluation also increased (Supplementary Figure 7). The elderly who had lived in RECFs for >3 years had an average evaluation score of five points, especially for the acoustic environment, lighting environment, and IAQ. Simultaneously, their long residence times indicated their satisfaction with the RECF environment. The satisfaction of the elderly with the IEQ increases with their residence time, perhaps because they are accustomed to living there. If they are more familiar with the living environment, they will have a higher evaluation of it (74).




CONCLUSION

The physical environments of the four RECFs were found to be highly correlated with IEQ evaluation, including acoustic, lighting, thermal environment, and IAQ (p < 0.01). The survey found that IEQ evaluations were affected by seasonality, with the evaluation of bedrooms being higher than that of activity rooms. A reasonable assessment of the surveyed RECF was moderate, while the elderly had a weaker understanding of intelligibility. The acoustic evaluation has a linear relationship with SPL and is not affected by the season or room. The lighting environment in summer is usually higher than that in winter and autumn, and the bedroom evaluation is usually higher than that of the activity room. Brightness and illuminance have a nonlinear relationship with lighting evaluation. The relative humidity of the different types of rooms varied greatly in spring and less in winter. IEQ satisfaction of all four RECFs was highly correlated with four physical parameters, with correlation coefficients of 0.66–0.85 (p < 0.001). Seasonal changes affected IEQ satisfaction, which was highest in autumn. The overall evaluation results demonstrated that in all four RECFs, bedrooms were more comfortable than activity rooms. It also indicates that the evaluation of the elderly of the RECF is not affected by gender; the effect of age is reflected in environmental factors other than temperature, and people under 65 and over 85 have the largest fluctuations in physical environment evaluation. Additionally, the elderly were satisfied with the overall IEQ environment of the RECFs.

This study investigated the environment of elderly care facilities where the elderly live, which will help improve the living environment of the elderly in the future. To the best of our knowledge, there is a lack of research on the living environment of RECFs, and the true scale of the problem is yet to be evaluated. We provide the first step toward bridging this gap.

This study summarized four RECF environments in the northeast region, representing the global cold zone from summer to winter in 2018. Statistical analyses were conducted on these data using specific site parameters and surveys of relevant elderly individuals. However, their satisfaction was still low, which may explain their unclear description, or it may be just abnormal data. These problems should be addressed in future research by exploring the potential impacts or mediating factors between various physical environmental evaluations.

In the future, the proportion of the elderly in China will further increase, and the elderly will have higher requirements for the indoor environment. The results of this study can be used to guide the renovation of existing facilities and the design of interior spaces in new ones. From the perspective of the impact of the acoustic environment, lighting environment, thermal environment, and IAQ on the elderly, the elderly care environment in Northeast China should be optimized. In addition, the elderly may have different environmental needs for different types of rooms. For example, in the bedroom, acoustic and lighting environments interact more closely with the health status of the elderly. In an activity room, IAQ may be a more important factor for the elderly. Therefore, research on the interaction between the indoor environment and the health and condition of the elderly is very important to improve their lives.
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Background: Previous studies have linked internet use with several beneficial outcomes for brain health, but there is little data on this among older Chinese.

Objective: The goal of this study was to explore the association between internet use and cognitive impairment and to explore the possible mechanisms by which internet use prevents cognitive decline.

Methods: The current study consisted of two cohorts: one from the China Longitudinal Aging Study (CLAS), which included 610 older adults with mild cognitive impairment (MCI), 192 with dementia, and 2,218 healthy older adults; the second cohort included 39 healthy adults from the Shanghai brain health foundation (SHBHF2016001), who underwent T1 cranial magnetic resonance imaging at baseline, from which their volumes of the hippocampus, amygdala, and globus pallidus were calculated. Moreover, they were also followed up for 1 year. Through standardized questionnaires, detailed general demographic information and internet use information was obtained. The cognitive diagnosis of each participant was made by attending psychiatrists at baseline, and their overall cognitive function was assessed by the mini-mental state examination (MMSE) and Montreal Cognitive Assessment (MoCA).

Results: In cohort 1, after controlling age, gender, smoker, tea drinker, take exercise, diabetes, and hypertension, we found that internet use was associated with MCI (P = 0.015, OR = 0.478, 95% CI: 0.264~0.867), but not for dementia (P = 0.205, OR = 0.393, 95% CI: 0.093~1.665). In cohort 2, we found that the globus pallidus volume of internet users was significantly larger than that of non-users, and the MMSE change score was lower (P < 0.05). The results of partial correlation analysis (controlled for sex, age and education) showed that the change of MMSE value was positively correlated with the volume of left globus pallidus (r = 0.547, P = 0.004).

Conclusions: Internet use might be a protective factor for mild cognitive impairment among the Chinese elderly, and it may prevent a decline in cognitive decline by affecting the volume of the globus pallidus.

Keywords: internet use, cognition, elderly, MRI, globus pallidus


INTRODUCTION

Dementia, the most serious form of cognitive impairment, is the leading cause of disability among the elderly and currently affects nearly 50 million people worldwide. If the prevalence of dementia remains unchanged, that number is expected to increase to more than 130 million by 2050 (1). Caring for people with dementia is a heavy financial and emotional burden on both families and society, and the yearly per-person cost attributable to dementia ranged from $41,689 to $56,290 (2). Since there are no commercially available disease-modifying therapies, there is a growing emphasis on strategies to prevent dementia (3). Overall, there is growing evidence supporting 12 potentially modifiable risk factors for dementia: smoking, obesity, depression, diabetes, hypertension, air pollution, less education, physical inactivity, hearing impairment, low social contact, traumatic brain injury, and excessive alcohol consumption. Together, these 12 modifiable risk factors account for about 40 percent of dementia worldwide, so dementia could theoretically be delayed or prevented (4).

Internet use, including web browsing, daily office, and exchanging e-mails, is thought to be crucial for dealing with various everyday tasks nowadays. In the past few years, there has been a marked increase in the use of computers and the internet by the elderly; for example, a whopping 56 percent of seniors aged 65–74 had access to the internet in 2011, and that figure rose to 71 percent in 2015 (5). Accumulating research suggests that puzzle games can help prevent cognitive decline (6–9), but only a few studies have explored the link between internet use and cognitive impairment. For example, d' Orsi et al. (5) followed 8,238 dementia-free participants for 4 years (aged 50 years or older), and found that those baseline internet users were associated with a 40% reduction in dementia risk (HR = 0.60; CI: 0.42–0.85; P < 0.05); Benjamin David Williams et al. followed 3,937 older British people over the age of 50 for 7 years, and also found that internet/email use was associated with reduced risk of cognitive impairment (10). However, they were unable to explain the potential causal mechanisms underlying this association.

So far, there is no longitudinal study on the relationship between internet use and cognitive function in China. In order to fill this gap, and to reveal the possible mechanism of internet use in preventing cognitive decline, we included a national cross-sectional study and a 1-year longitudinal follow-up study. Our hypothesis was that internet use can help prevent cognitive decline, and the mechanism might be related to its influence on cognition-related brain regions.



METHODS


Data Sources

The current cross-section study was derived from the China Longitudinal Aging Study (CLAS) (11) and Shanghai brain health foundation (SHBHF2016001) (12), which have both been described in detail in our previous study (12–14). The first cohort included a total of 3,020 community participants aged 60 years or older, including 610 mild cognitive impairment (MCI), 192 dementia, and 2,218 normal controls. All participants underwent a screening process that included physical and neurological examinations, medical history, and cognitive assessments. All participants met the following requirements: (1) aged 60 or more; (2) without severe medical conditions, such as cancer, infections; (3) without serious mental illness, such as schizophrenia and severe depression; (4) be willing to cooperate. Their diagnosis was carried out by experienced psychiatrists, and the diagnosis of MCI was based on Petersen's criteria (15), while the diagnosis of dementia was based on DSM IV.

A total of 49 people over 60 years of age (mean age: 64.78 ± 4.597; average years of education: 11.43 ± 2.708; male: n = 40, 81.6%) were included in cohort 2. They were divided into internet users (n = 19) and non-internet users (n = 30) based on whether they were internet users or not, and followed for 1 year (from 2013 to 2014). All the subjects had normal cognitive function at baseline and underwent a T1 magnetic resonance scan. The inclusion criteria were as follows: (1) Han Chinese; (2) ≥60 years old; (3) absence of mild cognitive impairment (MCI) or dementia; (4) the Mini-Mental State Examination (MMSE) score was ≥27; without serious physical or mental illness; (5) able to complete the study (14). Exclusion criteria were (1) <60 years old; (2) suffered from severe visual or hearing impairment; (3) refusal of the participants or their guardians to participate in the study.

The project was approved by the Ethics Committee of the Shanghai Mental Health Center and all the subjects had signed an informed consent before the study was initiated. The whole study was conducted in accordance with the principles of Declaration of Helsinki.



Internet Use Measurement

Internet use was defined as whether respondents used the internet and/or email (16). The question “Whether you use the internet or email, and how often do you use the internet?” was used in the interview at baseline. People were classified as not using the internet reported that they used it less than once every 3 months or never. On top of that, we also collected how long they had been using the internet (5).



Cognitive Assessment

Mini-Mental State Examination was used to measure the subjects' overall cognitive function (17). This screening test consists of 30 items that measure multiple cognitive domains including naming, attention, calculation, abstract, orientation, memory, visual space, as well as language function, and it is one of the most common cognitive assessment tools. In addition to MMSE, the Montreal Cognitive Assessment (MoCA) was also used in the current study. Compared with MMSE, MOCA is more sensitive and specific for screening for MCI and is more likely to capture changes in cognitive function. Therefore, in the current study, we used both MMSE and MoCA to assess cognitive changes at baseline and follow-up (cohort 2).



MR Image Acquisition and Processing

All the subjects had completed T1 structural magnetic resonance scans at baseline. The images were acquired by using a Siemens Magnetom Verio 3.0T scanner (Siemens, Munich, Germany), and the parameters were as follows: TE = 2.98 ms, TR = 2,300 ms, slice thickness, 1.2 mm, flip angle, 9°, matrix size, 240 × 256, field of view (FOV), 240 × 256 mm, and the number of slices, 176 (14). All the sMRI data were processed using Clinica in FreeSurfer v6.0, including spatial registration, cortical thickness estimation, extraction of cortical surface segmentation of the subcortical structures, and parcellation into 46 global structures (12). Based on previous studies, we used the hippocampus, amygdala, and globus pallidus as our core research brain area (18).



Covariates

The following data, such as age, gender, education, daily living information (hobby, physical activities, sleeping patterns, dietary preferences, smoking history, and consumption of tea and alcohol) as well as disease related information (such as hypertension, and diabetes) were also collected by standardized questionnaire.



Data Analysis

Continuous variables were expressed as mean ± SD, while categorical variables were expressed as frequencies (%). A single factor ANOVA and Chi-square tests were used to compare continuous and categorical variables in the MCI group, dementia group, and normal control group, respectively. Then a multivariate logistic regression model was used to investigate the association between internet use and cognitive impairment, controlling for variables that differed between the three groups, such as age, gender, smoker, tea drinker, take exercise, diabetes, and hypertension (Cohort 1). In Cohort 2, a single sample Kolmogorov–Smirnov test was used to test whether data conforms to normal distribution. Then independent sample t-test and Kruskal–wallis H were used to compare the normal data and non-normal data between the internet user group and the non-internet user group, respectively. Finally, partial correlation analysis (controlled for age, sex, and education) was used to investigate the association between MMSE score changes and cognition-related brain regions. Two-tailed tests were used at a significance level of P < 0.05 for all analyses. The data was analyzed using SPSS 22.0 (IBM Corporation, Armonk, NY, USA).




RESULTS


The General Demographic Information of the Study Population (Cohort 1)

Table 1 shows the differences in general demographic information among the three groups (MCI, Dementia, and Normal). The proportion of internet users was significantly higher in the normal elderly (15.1%) than in the MCI (5.6%) and dementia (2.3%) groups. In addition, there were also statistical differences in age, gender, smoker, tea drinker, take exercise, diabetes, and hypertension among the three groups, with P values of <0.001, <0.001, 0.009, <0.001, <0.001, =0.001, and =0.006, respectively. Moreover, MMSE and MoCA scores were also statistically different among the three groups (P < 0.001).


Table 1. Comparison of baseline general demographic and cognitive characteristics among different cognitive populations.
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Possible Factors Associated With MCI and Dementia by Multivariate Logistic Regression Models (Cohort 1)

Based on previous statistical conclusions and clinical experience, internet users, age, gender, smokers, tea drinkers, take exercise, diabetes, and hypertension were included in the multivariate logistic regression models. We found that internet user was associated with MCI (P = 0.015, OR = 0.478, 95% CI: 0.264~0.867), but not for dementia (P = 0.205, OR = 0.393, 95% CI: 0.093~1.665). Table 2 presents the results.


Table 2. Association of internet use with cognitive change (MCI or dementia).
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The Connection Between Internet Users and Brain Structure (Cohort 2)

To explain the possible mechanisms by which internet users affect cognition, we added structural magnetic resonance data. Based on whether they had a habit of using the internet, these 49 people were divided into an internet user group (n = 19) and non-internet users (n = 30) group and followed for 1 year. There was no statistical difference (P > 0.05) in age, education, gender, smoker, drinker, tea drinker, take exercise, diabetes, hypertension, whole brain volume, right amygdala, baseline MMSE, follow up of MMSE, baseline MoCA, follow up of MoCA, and MoCA change score between the two groups. However, the volume of left hippocampus, right hippocampus, left amygdala, left globus pallidum, and right globus pallidum in the internet users group were all larger than those in the non-internet users group, while the MMSE change score in the internet users group was significantly smaller than that in the non-internet users group (P < 0.05). Table 3 presents the results. Then by using partial correlation analysis (controlled age, gender, and education), we found that the volume of left globus pallidus was positively correlated with the change value of MMSE (r = 0.547, P = 0.004). Figure 1 presents the results.


Table 3. Comparison of baseline brain structure and cognitive function between internet users and non-internet users.
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FIGURE 1. Association between MMSE change score and globus pallidus volumes.





DISCUSSION

Older adults who bridge the digital divide have been proved to experience a series of positive outcomes compared to those who are not online, including higher feelings of empowerment, wellbeing and self-efficacy (19). Despite research on the benefits of internet use among older adults is encouraging, there is little data directly linking internet use to the risk of future cognitive impairment among older adults. To solve the above problems, we adopted two large cohort studies to explore the relationship between internet use and cognitive impairment, and we found that (1) internet use was associated with MCI, but had nothing to do with dementia, (2) the old man often use the internet had a greater volume of globus pallidus, while smaller changes in MMSE score; (3) the volume of globus pallidus on the left was positively correlated with MMSE change value. These results suggested that internet use might prevent cognitive decline by affecting the volume of the globus pallidus.

In our first large cross-sectional cohort study, we examined the association between internet use and cognitive functioning among older adults in the community (including 610 older adults with MCI, 192 with dementia and 2,218 normal elderly adults). We found that the percentage of people with dementia and MCI using the internet was significantly lower than the normal elderly. After controlling for gender, age, education, and disease, we found that internet use was still associated with MCI, but not dementia. In Su et al. (20) study, they found that hobbies, such as reading, surfing the internet, were protective factors for MCI. In Wang et al.'s (21) study, they found that hobbies could help prevent MCI. In Shimada et al.'s (22) study, they found that participating in hobbies or sports activities would help reverse MCI. Since these studies did not specifically examine the link between internet use and MCI, we could say that we were the first to find that internet use might help reduce the risk of MCI. But we have to point out, studies have shown that heavy use of electronic devices (i.e., more than 2–3 h/day exposure to electronic media including computers, television, and mobile devices such as tablets, smartphones, and laptops) cloud also increase the risk of cognitive impairment (23). Therefore, we recommend that the elderly should not spend more than 2 h on the computer on a daily basis.

To further explore the possible mechanism by which the internet prevents cognitive decline, we added t1-phase cranial magnetic resonance (including volume of hippocampus, amygdala, and globus pallidus) in the second clinical cohort, and it included 49 healthy elderly people who were followed for 1 year. We finally found that the internet users had larger globus pallidus volume and that the volume on the left side was positively correlated with changes in MMSE scores, suggesting that the globus pallidus volume might be a protective factor for cognitive decline. Since this was the first study to explore the relationship between internet use and cognition-related brain regions, we could not tell if our findings were consistent with those of others.

The globus pallidus (GP) is a major component of the basal ganglia (BG) and can be divided into the internal segment (GPi, output nucleus) and the external segment (GPe, intermediate nucleus). It communicates with widespread cortical areas that support various functions, including cognition, motivation, and action (24). Previous studies suggest that deep brain stimulation (DBS) of the globus pallidus interna (GPi) can reduce motor symptoms in patients with Parkinson's disease (PD) and improve their cognitive function and quality of life (25–27). It is also considered as a treatment option for Huntington's disease (HD) patients with severe pharmacologically refractory chorea (28). Moreover, changes in mitochondrial morphology in the globus pallidus can also be observed in Alzheimer's disease (29). Therefore, combined with our current findings and the basis of previous studies, we speculated that deep stimulation of the globus pallidus may also improve the cognitive symptoms of dementia patients, but the above hypothesis needs to be further verified by larger studies.

We must admit that there are two limitations to our study. First, information on internet use is obtained through self-report rather than objective assessment, so there is the possibility of recall bias. Secondly, since this first cohort was only a cross-sectional study, it couldn't indicate the causal effect between internet use and MCI. Thirdly, the short follow-up time was also the main limitation of this study.



CONCLUSIONS

In conclusion, internet usage among Chinese elderly is associated with a lower incidence of mild cognitive impairment, and internet use may prevent cognitive decline by affecting the globus pallidus volume.
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The aim of the study was to investigate the association of insulin resistance (IR) with cardiovascular risk factors and sleep complaints among citizens of Palanga over a 10-year follow-up period. This epidemiological longitudinal cohort study was performed with 835 subjects.

Methods: All participants were evaluated for sociodemographic, clinical and cardiovascular risk factors, behavioral factors, self-perceived health and biochemical analysis. IR was evaluated using the homeostasis model assessment of IR (HOMA-IR).

Results: All study participants were stratified into two groups, without IR (HOMA-IR ≤ 2.7) and with IR (HOMA-IR > 2.7). The analysis of parameters between the two study groups showed statistically significant relationships between IR, cardiovascular risk factors and sleep complaints within the 10-year period. After adjusting for a 10-year period, sex, age, body mass index, physical activity, education, systolic and diastolic blood pressures, presence of disease, total cholesterol, triglyceride levels, metabolic syndrome (MetS) and diabetes mellitus (DM), IR was statistically significantly more frequent in subjects with increased sleep latency [odds ratio (OR) 1.37, 95% CI 1.01–1.93; p = 0.043], snoring frequency (OR 1.37, 95% CI 1.05–1.79; p = 0.020) and very loud snoring (OR 1.34, 95% CI 1.04–1.74, p = 0.026).

Conclusions: The incidence of obesity, MetS, DM, elevated fasting glucose level, triglyceridemia and sleep complaints became more frequent after a 10-year period in subjects with IR. Over a 10-year period, IR was significantly associated with an increase in sleep complaints: sleep latency reflecting difficulty to fall asleep, snoring and very loud snoring.

Keywords: insulin resistance, sleep complaints, cardiovascular risk, metabolic syndrome, aging


INTRODUCTION

Insulin resistance (IR) is characterized by an impaired glucose metabolic response to a given amount of insulin and is considered to contribute to the development of diabetes mellitus (DM) and to be a major risk factor for cardiovascular diseases (1). Cardiovascular disease is the most prevalent cause of morbidity and mortality in diabetic populations (2). A systematic review has confirmed that IR, as measured by the homeostasis model assessment of IR (HOMA-IR) is independently associated with greater risk of incident cardiovascular disease and all-cause mortality in non-diabetic adults (3). The assessment of IR indicators in everyday clinical practice is based on fasting glucose and insulin concentrations. The HOMA-IR is one of the most frequently used indirect indicators for characterizing this condition in the “steady-state” (4, 5).

A group of cardiovascular and metabolic abnormalities, such as abdominal obesity, hypertension, dyslipidaemia, atherosclerosis, and IR predispose individuals to cardiovascular disease and type 2 DM (6, 7). Compensatory hyperinsulinemia, like other components of metabolic syndrome (MetS), is closely associated with an increased risk of cardiovascular disease (8, 9). The main components of IR are hyperinsulinemia, hypertriglyceridemia, dyslipidaemia, hypertension and obesity (10). Therefore, IR is a substantial cardiovascular risk factor in healthy people. Normalizing IR reduced cardiovascular risk by approximately 55% in subjects with this condition. IR was the most significant single risk factor for coronary artery disease in young people, accounting for nearly half of all myocardial infarctions (11). It is generally present for many years before the diagnosis of DM and causes subclinical vascular damage. Normoglycemic individuals with IR are already at an elevated risk of cardiovascular disease years before the onset of clinical DM (12).

Cross-sectional studies have shown that sleep disordered breathing impairs glucose tolerance and/or insulin sensitivity, as measured by HOMA-IR, even after adjusting for body mass index (BMI) and in non-diabetic patients (13). Furthermore, the prevalence of IR, glucose intolerance, type 2 DM and cardiovascular diseases is reported to be 20–67% higher in subjects with sleep disorders than in controls (14). Moreover, sleep-disordered breathing is also an independent risk factor for coronary heart disease, heart failure and stroke (15). Short and long sleep times are associated with lower insulin sensitivity, suggesting that sleep plays an important role in IR and may be associated with DM development (16). Short sleep time is independently associated with IR in women, even after adjusting for body fat and other potentially dependent factors (17). From the otherperspective, DM has a negative impact on the development of cardiovascular diseases (18). According to epidemiological research, sleep duration is associated with unfavorable cardiovascular outcomes, such as coronary artery disease, stroke, and cardiovascular death (19, 20), as well as metabolic problems (21). In a study by Vargas et al. (22), poor sleep quality in women with severe obesity showed a negative association with body fat, metabolic outcomes and fitness. As a result, poor sleep quality is a significant factor that can exacerbate the health of women with severe obesity.

To date, correlations between IR and the risk of sleep disorders and cardiovascular diseases during aging have received little attention in the medical literature; therefore, the topic remains controversial, is not well understood and needs further investigation. In order to understand the contribution of sleep as a whole to public health, it is necessary to integrate the concepts of sleep quality and duration in order to assess their combined and independent influence on health outcomes. This raises the question of how the modifications of cardiovascular risk factors and sleep complains evolve according to the presence of IR during aging. Thus, we aimed to investigate the association of IR with cardiovascular risk factors and sleep complaints over a 10-year follow-up period.



MATERIALS AND METHODS


Study Participants

A sample of 2,500 citizens of Palanga aged 35–74 years was drawn from the National Population Register in 2002. The citizens of Palanga were chosen for the investigation, because there was close community with minor migration reflecting the population of the western part of Lithuania. The optimal size of the sample, ensuring representativeness of the population of Palanga aged 35–74 years, was calculated as 1,630 ± 33 subjects. From the sample of 2,500 citizens, 160 were not invited to participate in the study because they were not found at the given address. In total, 1602 persons (600 males and 1,002 females) participated in the survey in 2003. The response rate for the first survey (2003) was calculated as follows: (1,602/2,340) ×100 = 68.5%. In the period from 2003 to 2013, 158 of the participants in the first survey in 2003 died (9.9%) and 47 (2.9%) had changed their address. When contacted, 20 (1.2%) declined to participate, 11 (0.7%) could not participate as a result of serious health problems, and 435 (27.2%) did not respond to multiple invitations sent to them by post. During the second survey, data from 931 people, 322 males and 609 females, aged 45–84 years, were collected. The first and second surveys were approved by the Bioethics Committee of Lithuania (Protocol code BE-2-25, approved 14 June 2012). Informed consent was obtained from all participants during both surveys. However, blood samples were collected from only 850 subjects and 15 (1.8%) subjects, whose blood tests showed severe thyroid dysfunction, were excluded from the analysis. The final longitudinal study cohort consisted of 835 subjects: 300 (35.9%) men and 535 (64.1%) women (Figure 1). The mean age of the study group was 63.5 ± 10.3 years. The methods are originally described elsewhere (23).


[image: Figure 1]
FIGURE 1. Study flow chart.




Study Procedure

All study participants were evaluated according to socio-demographic characteristics (i.e., age, gender, height, weight, education, marital status, type of job), behavioral factors and self-perceived health using a questionnaire. Fasting blood samples were taken from all participants and biochemical tests were performed to assess glucose, insulin, total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol and triglyceride levels. IR was calculated according to the HOMA-IR. MetS was defined according to the Adult Treatment Panel III (ATPIII) (24) and International Diabetes Federation (IDF) (25) criteria. Under the ATPIII criteria, MetS was defined as the presence of three or more of the following risk factors: abdominal obesity (waist circumference ≥102 cm [men] or ≥88 cm [women]), triglyceride ≥1.7 mmol/L (150 mg/dL), HDL-cholesterol <1.03 mmol/L (40 mg/dL) in men and <1.30 mmol/L (50 mg/dL) in woman, fasting glucose ≥6.1 mmol/L (110 mg/dL) and systolic blood pressure or >130 mm Hg or diastolic >85 diastolic mm Hg. MetS was identified when three or more of the five components mentioned above were present.



Measures
 
Questionnaire on General Data, Behavioral Factors and Self-Perceived Health

The questionnaire on general data (26) was used to collect the information about the marital status, education, employment and income of respondents. The questionnaire on behavioral factors (26) contained questions about smoking, alcohol consumption, and physical activity during the last year. The questionnaire on self-perceived health (26) contained questions about complaints and diagnosed diseases, medicines used during the last year, frequency of stress events, and visits to any doctor.



Objective Investigation

Arterial blood pressure (mmHg) was measured twice using a quicksilver sphygmomanometer (Riester 660/306, DIPLOMAT Presameter, Germany) from the right arm while the person was sitting, with the precision of 2 mm referring to the methodological recommendations (27). An average of two measurements was used for the analysis. The participants were classified as hypertensive if their systolic blood pressure was ≥140 mmHg and/or diastolic arterial blood pressure was ≥90 mmHg, or if they had received antihypertensive drug treatment in the last 2 weeks.

Body height was measured in stocking feet (without shoes) using a medical height rod. Body weight was measured without shoes using a medical scale (SECA 778, SECA Corporation, Hamburg, Germany). BMI was calculated according to the following formula: BMI = body mass (kg)/height2 (m) using the data from the height and weight measurement. Patients were diagnosed as being overweight when their BMI was 25.0–29.9 kg/m2, and with obesity when their BMI was 30.0 kg/m2over. Waist circumference was measured during the physical examination. Weight and height were measured with participants standing, without shoes or heavy outer garments. Waist circumference was measured in the erect position at the midpoint between the lowest rib and the superior border of the iliac crest.



Basic Nordic Sleep Questionnaire

The Basic Nordic Sleep Questionnaire (28) was used to assess the frequency of sleep complaints over a 3-month period in both the first and second surveys. The self-administered questionnaire included questions about problems falling asleep, awakenings during the night and too early in the morning, self-rated sleep quality, excessive sleepiness during the daytime, the effect of sleep on the ability to work, napping during the daytime, the regular use of sleeping pills and the use of alcohol to initiate sleep. The criteria for sleep complain was a repetition of sleep disturbance symptom(s) 3–5 times per week for the last 3 months.



Laboratory Tests

Blood serum analyses were performed in the biochemical testing laboratory. The participants were warned in advance to have no intake of food for at least 12 h before the tests. Blood was taken from the elbow vein directly into a vacuum blood collection systems, while the person was sitting (7 ml). Blood samples were analyzed for concentrations of glucose (mmol/L, norm 4.1–5.9), total cholesterol (mmol/L, norm 2.6–5.2), LDL cholesterol (mmol/L, norm 2.6–3.4), HDL cholesterol (mmol/L, men's norm 0.9–1.7), women's, norm 0.9–2.0), and triglycerides (mmol/L, norm 0.5–2.3) in both 2003 and 2013. The blood obtained in 2013 was centrifuged and the serum was frozen at −70° C. Serum samples of insulin were analyzed in a single batch after completion of this study in 2013 (n = 850, mU/L, norm 3.0–25.0). IR was calculated according to the HOMA-IR formula: HOMA-IR = [fasting plasma insulin (μIU/ml)] × [fasting plasma glucose (mmol/l)]/22.5); normal ≤ 2.7 (29, 30).



Statistical Analysis

The clinical and the sociodemographic characteristics were reported using frequencies and percentages for the categorical variables, and means and standard deviations for the continuous variables, and medians (25–75th percentiles) for variables with non-normal distribution. Variable distribution was assessed visually and using the Kolmogorov-Smirnov test. The data characteristics were compared between the groups without and with IR were using Fisher's χ2 test, the parametric two-tailed Student's t-test test or the non-parametric Mann-Whitney U test. A logistic regression analysis using an enter method was used to investigate whether IR is related to different sleep complaints (Model 1) and adjusted for the 10-year period, sex, age, body mass index, physical activity, education, systolic and diastolic blood pressures, presence of disease, total cholesterol, triglycerides, MetS, and DM (Model 2), (Table 3). A logistic regression analysis using an enter method was used to investigate whether IR was related to cardiovascular risk factors (Model 1) and adjusted for the 10-year period, sex, age, and education (Model 2), (Table 4). The dependent variables in all models were all sleep complaints and cardiovascular risk factors in 2013. Statistical analyses were performed using the Statistical Package for the Social Sciences v.22 (SPSS, Chicago, IL). The threshold of significance was set at p < 0.05.





RESULTS


Comparison of Baseline Sociodemographic Characteristics in the Survey in 2003 and 2013 According to the Presence of IR

Table 1 lists the sociodemographic characteristics of all participants stratified into groups without IR (HOMA-IR ≤ 2.7) and with IR (HOMA-IR > 2.7) in 2013. As demonstrated in Table 1, the sociodemographic characteristics statistically significantly changed in both groups after the 10-year follow-up; however, the directions of changes of individual parameters in the IR group and the group without IR were different. Marital status significantly changed in both groups after the 10-year period. A decrease in married status and an increase in living alone was statistically significant in both groups. The group without IR, was characterized by more people with higher education at both timepoints. The employment rate statistically significantly decreased in both groups, but with a larger decrease in the IR group.


Table 1. The sociodemographic and cardiovascular risk factors characteristics of subjects' in the survey in 2003 and 2013 according to the presence of insulin resistance.
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Comparison of Cardiovascular Risk Factors in the Survey in 2003 and 2013 According to the Presence of IR

An increase of number of participants with high BMI (≥30) was seen in the IR group compared with the without IR group (Table 1). However, after the 10-year period, the number of people with DM increased in both groups, while the number of people with MetS and fasting glucose ≥6.1 (mmol/L) was decreased. The comparison of cardiovascular risk factors before and after the 10-year period showed some statistically significant differences between the two groups. Systolic and diastolic arterial blood pressure was greater in subjects with IR at both timepoints. However, diastolic arterial blood pressure decreased in both groups after 10 years. There were also significantly fewer smokers in both groups after 10 years. The number of people with cardiovascular disease statistically significantly increased after the 10-year period in both groups; however, co-morbid diseases such as arterial hypertension and coronary artery disease were more frequent in the IR group. After the 10-year period, total cholesterol and LDL levels statistically significantly increased in the group without IR, reaching a level similar to the IR group' while in the IR group, total cholesterol and LDL levels remained the same. In men, HDL level increased in both groups; however statistically significant changes were seen only in the group without IR. In women, there was an opposite change in HDL, with the decrease after the 10-year period being statistically significant in both groups. Triglyceride levels also statistically significantly decreased after the 10-year period in both groups.



Comparison of Sleep Complaints in the Survey in 2003 and 2013 According to the Presence of IR

Analysis of sleep complaints showed statistically significant changes in the IR group after the 10-years period (Table 2). In 2013, the participants in this group were more likely to complain of difficulty falling asleep and early waking in the morning (p = 0.003), resulting in more frequent severe drowsiness in the morning (p < 0.001) and during the day (p = 0.002). Daytime sleepiness was also more frequently observed among people with IR. They were also more likely to use sleeping pills (p = 0.034) and, unsurprisingly, were more likely to use alcohol to improve sleep (p = 0.012).


Table 2. Prevalence of sleep complaints and sleep parameters in the survey in 2003 and 2013 according to the presence of insulin resistance.
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Logistic Regression Analyses of Sleep Complaints After the 10-Year Follow-Up

The results of the logistic regression analyses of different sleep complaints are presented in Table 3. Logistic regression analysis showed that IR was significantly associated with increased frequency of the following sleep complaints: sleep latency (reflecting difficulty to fall asleep) [odds ratio (OR) 1.40, 95% CI 1.04–1.89; p = 0.027], early waking up in the morning (OR 1.33, 95% CI 1.01–1.74; p = 0.041), snoring (OR 1.87, 95% CI 1.48–2.35; p < 0.001), very loud snoring (OR 1.61, 95% CI 1.11–2.35; p = 0.013), and breathing pauses during sleep (OR 1.82, 95% CI 1.11–2.99; p = 0.018).


Table 3. Logistic regression between insulin resistance and sleep complaints.

[image: Table 3]

After adjusting for the 10-year period, sex, age, physical activity, education, systolic and diastolic blood pressures, presence of disease, total cholesterol, triglyceride, MetS and DM (Model 2), IR was statistically significantly more frequent in subjects with increased sleep latency (OR 1.37, 95% CI 1.01–1.93; p = 0.043). These complaints are symptoms of disturbed sleep due to insomnia. Other significant changes were observed in complaints characterizing breathing disturbances during sleep. There was a statistically significant relationship between IR and increase in snoring (OR 1.37, 95% CI 1.05–1.79; p = 0.020) and very loud snoring (OR 1.34, 95% CI 1.04–1.74, p = 0.026), but not between IR and breathing pauses (OR 1.13, 95 % CI 0.63–2.02; p = 0.693).



Logistic Regression Analyses of Cardiovascular Risk Factors After the 10-Year Follow-Up

The results from the logistic regression analyses between IR and cardiovascular risk factors are presented in Table 4. In subjects with IR, after adjusting for the 10-year period, age, sex and education (Model 2), logistic regression analysis showed that after 10 years, there was a significantly higher chance of deteriorating cardiovascular risk factors: cardiovascular diseases (OR 1.55, 95% CI 1.14–2.10 p = 0.005), hypertriglyceridemia (OR = 2.75, 95% CI 2.08–3.64, p < 0.001), MetS (OR = 6.75, 95% CI 5.28–8.63 p < 0.001), DM (OR = 6.15, 95% CI 4.05–9.35, p < 0.001) and obesity (OR = 5.90, 95% 4.67–7.47 CI, p < 0.001).


Table 4. Logistic regression between insulin resistance and cardiovascular risk factors.
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DISCUSSION

Our results showing an increased number of people with BMI ≥ 30 in the IR group are in parallel with literature data demonstrating the relationship between obesity and the development of DM and cardiovascular diseases (6, 31). We found that the major cardiovascular risk factors such as arterial blood pressure, obesity and triglyceridemia were more frequently observed in the IR group, and were significantly increased after a 10-year period. These factors may be responsible for the higher incidence of cardiovascular diseases in the IR group (16, 32). A study of non-diabetic subjects, recruited from a cross-sectional population-based study in Gran Canaria Island, Spain also demonstrated that subjects with impaired glucose tolerance had IR and more cardiovascular risk factors (33). Experimental and clinical studies clearly demonstrate that increased glucose levels and impaired insulin signaling are potent drivers of the atherosclerotic process, even in the absence of concomitant risk factors such as hypertension, obesity, and dyslipidaemia (34). In line with our findings, the population-based study by Wang at al. (35) has previously shown that diastolic blood pressure decreases with age after 60 years of age.

The literature data about sleep disturbances and IR show that poor sleep has a negative impact on glucose metabolism, obesity, development of DM and arterial hypertension (6). A cross-sectional association between short sleep duration (generally <6 h per night) and increased BMI or obesity, prevalence of diabetes and hypertension and markers of cardiovascular disease has been observed in multiple studies (6). Shorter (<6 h) and longer (>9 h) durations of sleep have been adversely related to IR (27). We found that the IR group displayed more cases of longer sleep latency and early awakening in the morning after the 10-year period, the characteristic symptoms of insomnia.

Our data demonstrating an increase in sleep complaints after the 10-year period in the IR group is in accordance with laboratory and epidemiological data reporting that insufficient sleep has been linked to reduce insulin sensitivity and increased risk of type 2 DM (16, 32). If sleep is disturbed toofrequently, the sympathetic tone is elevated and it results in a higher load on the circulatory system, a higher rate of basal metabolism, a higher level of stress hormones, and, finally, a higher risk of developing IR or DM. On the other hand, DM itself, when accompanied with poor metabolic control is mostly followed by sleep disturbances. Disturbed sleep appears to modulate the risk of cardiovascular diseases and mortality associated with MetS. Fernandez-Mendoza J. and colleagues found that the hazard ratio of all-cause and cardiovascular disease/cerebrovascular mortality associated with MetS was higher for individuals who slept <6 h, as compared with those who slept >6 h; phenomenon may be linked to greater central autonomic and metabolic dysfunction in short-sleeping individuals (36).

Sleep duration may increase triglycerides and HDL levels, both of which are components of MetS. A study of Japanese people discovered that among women, both short and long sleep durations are associated with a high serum triglyceride levels or low HDL cholesterol levels, while in men, the relative risk of a high LDL -cholesterol level was lower (37). Another study of Dutch adults found a clear association between short sleep duration and elevated BMI and obesity; while levels of total cholesterol, HDL -cholesterol, triglycerides and blood pressure were associated with sleep duration (38).

The relationship between disturbed sleep and DM is two-sided, as chronic sleep disturbances elevates the risk of developing IR, while diabetes worsens the quality of sleep. Sleep disturbances significantly increase the risk of developing diabetes and cardiovascular diseases (6, 31). Disturbed sleep leads to the development of IR and beta-cell dysfunction through various pathways: hypoxia, sleep fragmentations, and the activation of the sympathetic nervous system (39). Sleep fragmentation results in elevated sympathetic activity and a higher level of inflammation (40).

Investigation of the association between sleep duration, obesity, adipokines and IR in 2,848 participants including 593 with inflammatory marker data showing high risk of type 2 DM, showed an independent relationship between long sleep duration and IR (41). Fasting insulin levels and LAR (leptin: adiponectin ratio—a measure of whole-body insulin sensitivity) were positively associated with sleep duration, while adiponectin level were negatively associated. Short and long sleep duration were independently and significantly associated with higher BMI, body weight and waist circumference (41).

We have found an interesting result that sleep complaints with disturbed breathing were characteristic of individuals with IR. Loud snoring interrupted by breathing pauses is a serious symptom of sleep apnoea and it is significantly associated with IR. This is confirmed by Bonsignore and colleagues (42) who demonstrated the association between IR, excessive daytime sleepiness and MetS in obstructive sleep apnoea patients. They also found that the number of MetS components correlated with the HOMA index. Our data agree with the Namwon Study of 10,667 healthy individuals free of DM, which demonstrated a strong association between snoring and hemoglobin A1c (HbA1c) level among females but not males (43). However, the Korean Health and Genome Study on non-obese normoglycemic adults found that snoring is significantly associated with elevated HbA1c levels in both males and premenopausal females (44). These reports support our data suggesting that snoring and breathing pauses, which are serious sleep apnoea symptoms, are associated with increased IR. On the other hand, sleep apnoea is newly established risk factor not only for arterial hypertension, but also for coronary artery disease and myocardial infarction (45). This means that snoring is as serious sleep complaint associated with increased IR and cardiovascular diseases.

Disturbed sleep may lead to obesity, IR, and development of DM, as well as to development of cardiovascular risk factors and cardiovascular diseases. Because of this, the use of simple, low-cost methods for the diagnostics of disturbed sleep and the management of sleep complaints may in many cases significantly contribute to the prevention of cardiovascular diseases and DM.

The present study has some strengths and limitations to be addressed. The strengths of our study include a reasonable sample size that allowed us to adjust our findings for variables that could potentially contribute significantly to our understanding of IR in relation to cardiovascular risk factors and sleep complaints in humans. Another strength of the current study is the large number of biomarkers measured. A great strength of this epidemiologic longitudinal cohort study was its ability to draw attention to IR, as this condition remains an important public health issue that can accompany a variety of risk factors. The main limitation of the present study is that blood samples of insulin were obtained from only in the second survey in 2013, which prevented us from evaluating the presence of IR at both timepoints.



CONCLUSIONS

Our results demonstrate that IR is associated with the development of major cardiovascular risk factors and sleep complaints. The incidence of obesity, MetS, DM, elevated fasting glucose level, triglyceridemia and sleep complaints was more frequent after a 10-year period in subjects with IR. After a 10-year period, IR was significantly associated with an increase in sleep complaints, including sleep latency reflecting difficulty in falling asleep, snoring and very loud snoring.
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Health, an important indicator for measuring the elderly's life and wellbeing, is an important part of positive and healthy aging. Children's achievements are closely linked to their parents' health. However, existing literature does not cover how children's achievements impact the health of their elderly parents. Data were derived from the 2014 Chinese Longitudinal Aging Social Survey; this study includes 6,793 elderly people ages 60 and older as samples. A multiple linear regression model was used to analyze the correlation between children's achievements and their elderly parents' health statuses in China. The results show that the higher the children's income and education, the better their health of their elderly parents. Living patterns, children' financial support to their parents, and social capital play a mediating role in the relationship between children and their elderly parents. These findings provide further insight into potential factors associated with the children's achievements and elderly health.
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BACKGROUND

According to United Nations standards, in 1999, China entered an aging society and has experienced a gradual increase in the aging population since. In 2020, there are 260 million people ages 60 and older, which accounts for 20.3% of the total population. Out of 260 million people, 168 million are ages 65 and older, which accounts for 12.2% of the total population. According to the World Health Organization's forecast, over 30% of China's population will be over 60 years old by 2050, and China will be the fastest aging country in the world. The Chinese society will face irreversible aging during the twenty-first century, which will impose a major challenge to China (1). Due to its profound intrinsic value, elderly health often serves as an important dimension for evaluating social development in an aging society. However, the overall health of the elderly population deteriorates due to factors such as physiological aging, and various health problems appear over time (2). Therefore, the improvement of health within the elderly population and reduction in incidence rate reduces pain associated with diseases and helps improve elderly individuals' happiness and quality of life.

Many studies have analyzed the influencing factors of the health of the elderly, and the main viewpoints can be summarized into the following two aspects: on the one hand, objective social resources owned by the elderly, including medical insurance, pension (3). On the other hand, social participation of the elderly, including intergenerational care and voluntary service (3). In addition, some studies discussed the relationship between children's marriage, children' financial support to their parents and health of the elderly based on the perspective of intergenerational relationship. However, there is no study analyzed the impact of children's achievement on the health of older persons. In fact, among the many factors influencing elderly health, children's achievements (mainly educational level and income status) play an important role (4).

In the traditional Chinese culture of filial piety, the concept of raising children to care for their elderly family members still dominates society. With higher achievements, children can provide more children' financial support to their parents and psychological satisfaction (Chinese have the idea of “face”), which affects their aging parents' health (5). However, another factor is that higher achieving children are more likely to seek careers development away from their hometowns. Children from rural areas are more likely to settle in large cities away from their families. This lowers children's spiritual consolation toward the elderly and reduces children's daily care of the elderly, which in turn affects their aging parents' health status (3). It is indicated that no consensus has been reached on the impact of children's achievements on the health of elderly parents. For China, scientific methods and data are needed to explore the impact of children's achievements on the health of elderly parents in China, which has the largest elderly population.

This study attempts to use Chinese data to investigate how children's achievements impact the health of their elderly parents within China's increasingly aging population. This article makes three contributions to the existing literature. First, this study contributes to the growing literature on the relationship between children's achievements and elderly health. Second, to the best of our knowledge, it provides the first evidence of relationship between children's achievements and elderly health. Third, we investigate how obesity is associated with happiness through children' financial support to their parents, living patterns, and social networks. The findings may also be applicable beyond China.



LITERATURE AND RESEARCH HYPOTHESES


Impact of Children's Achievements on Elderly Health

Currently, there are relatively few studies on the relationship between children's achievements and their elderly parents' health. Children's achievements not only include multiple dimensions, such as income and education level. However, only a few studies have analyzed the relationship between children's education levels and their elderly parents' health (6). For example, Zimmer et al. (4) used data from the 1989 survey on elderly health and living status in Taiwan and found that children's education levels are significantly correlated with their parents' risk of death. Compared to children with junior high school education level and below, children with college degrees can reduce the risk of parental death by 20%. A Swedish study also confirmed that children with college degrees can reduce the risk of their parents' death by ~20% compared to children with compulsory education (7). A study in Mexico found that children's education did not significantly improve their parents' short-term physical function but could reduce long-term parent mortality. Compared to families in which none of the children received college educations, families in which all children received college degrees, fathers were 25% less likely and mothers were 29% less likely to die (8). Lei et al. (9) studied the impact of spousal and child education on the mortality of in the elderly and found that the education levels of individuals, children, and spouses can significantly reduce one's mortality. Compared to families in which children only received an elementary level education and lower, families in which children received a high school education or higher were 15% less likely to face mortality. From this perspective, we propose the following hypotheses:

Hypothesis 1: The higher the children's achievements, the better the health of their elderly parents.



The Construction of Mechanisms by Which Children's Achievements Affect the Health of the Elderly
 
Living Patterns

In traditional Chinese society, “filial piety culture” emphasizes that children cohabit with their parents in order to take care of their aging parents; however, children with higher achievements have greater autonomy and say in terms of living style (10). Miron (11) studied from the perspective of housing affordability and found that the income level of children has an important impact on the living arrangement of the elderly. Wang et al. (12) used Chinese urban data to carry out research, and the results also showed that education level and income level were positively significant with the intergenerational separation rate. If the children have a high enough income and education level, there is no reason to cohabit with the elderly for economies of scale (13).

Intergenerational cohabitation can significantly improve the health of the elderly (14). On the one hand, living with children brings both financial and material support and psychological satisfaction to avoid poverty, social isolation and declining mental health of older people (15). On the other hand, Moritz and Satariano (16) showed that although elderly people who live alone are less dependent on other people's functions in their living arrangements and make greater efforts to monitor their own health to avoid serious medical problems, as the health status of the elderly deteriorates, they often move in with their children or others (17). Based on this, this study proposes the following research hypothesis.

Hypothesis 2: Living patterns play a mediating role in the relationship between children's achievements and their elderly parents' health.



Children' Financial Support to Their Parents

It is a traditional Chinese concept “bring up children for one's old age.” The cultural norms of the family clan confine children to care for the elderly. Liu et al. (2) found that the level of children's achievements determines the “opportunity cost” in providing life care for the elderly. Children with relatively low achievements assume the role of “primary caregiver,” while children with higher accomplishments assume the responsibility of elderly care through economic compensation. Silverstein et al. (18) found that an increase in children's wealth will increase their children' financial support to their parents of the elderly. Although children and the elderly may live separately, the close emotional connection brings wealth effects and economic transfer; children are also more likely to provide financial assistance and material transfer to the elderly (19).

With the deepening trend of socialization in family functions, children have become the main providers of long-term health and support for the elderly. In most cases, they constitute the pillar of their support system and protect their health through the transfer of economic resources. Studies have shown that elderly individuals with more economic resources have better health (20). On the one hand, in Chinese culture, filial piety is a factor that accounts for parental support expectations. The elderly expects their children to be their main supporters. Fulfillment of this intergenerational support expectation can effectively improve mental health in the elderly (21). On the other hand, due to the incomplete social security system in China and insufficient coverage of the formal social support system, children's economic contribution brings medical and assistance advantages to the elderly in China. These economic resources can be converted into nutrition, medical treatment, and possible leisure time, which will result in a higher living standard and corresponding health improvement for the elderly (22). Based on this, this study proposes the following hypotheses:

Hypothesis 3: Children' financial support to their parents plays a mediating role in the relationship between children's achievements and their elderly parents' health.



Social Capital

In traditional Chinese society, children's achievements directly affect the social capital of elderly parents. Studies have found that the higher the achievement of their children is, the richer the social capital of elderly parents (19). In other words, when children's academic performance or professional status is higher, relatives and friends may strengthen the connection with the elderly with higher achievement of children, so child achievement can improve the social capital accumulation of elderly parents (23) found that the children's socioeconomic status directly affects the social capital of the elderly. If the children's socioeconomic status is higher, the elderly's relatives, neighbors and friends interact with the elderly more frequently.

Studies have shown that social capital plays a positive role in promoting the health of the elderly (24). Baker and Silverstein (25) proposed that social capital increases the possibility of the elderly's participation in social activities. In social activities, the elderly's needs for life, leisure, and fitness activities are met, and the sense of belonging and accomplishment is enhanced and has a positive impact on the emotional health of the elderly. Pearlin et al. (26) found that rich social capital can maintain the elderly's sense of controllability in adversity and mediate their mental health. In addition, Cohen and Syme (27) found that rich social capital links the elderly to more social resources so they can better address possible negative situations in the future. Therefore, social networks play an important protective role in the transition from functional limitations to disability (28). From this perspective, we propose the following hypotheses:

Hypothesis 4: Social capital plays a mediating role in the relationship between children's achievements and their elderly parents' health.





RESEARCH METHODS


Data Source

The data were derived from the 2014 Chinese Longitudinal Aging Social Survey. The Chinese Longitudinal Aging Social Survey (CLASS) is a nationwide and continuous large-scale social survey project designed by the Institute of Gerontology of Renmin University of China and was implemented by the China Survey and Data Center of Renmin University of China. The CLASS survey covers 28 provinces (cities and autonomous regions), except Hong Kong, Taiwan, Macau, Hainan, Xinjiang, and Tibet. The survey contents were expanded based on conventional survey items to focus on the mental health, social function, social network, and retirement planning for the elderly. It investigates the personal information of the elderly and focuses on the collection of information about the elderly's families and communities. This survey enables a comprehensive understanding of elderly individuals and offers information support for in-depth research on aging issues and the government's formulation of aging policies.

The survey adopted a stratified multistage probability sampling method. It selects county-level regions (including counties, county-level cities, and districts) as the primary sampling unit, village/residential committees as the secondary sampling unit, and draws sample households from each village/residential committee by image sampling. One elderly person was interviewed from each household. The survey subjects were the elderly individuals ages 60 and older and the staff of the survey community (village). Finally, the 2014 CLASS baseline survey samples came from 134 counties and districts and 462 communities across the country. Each community had an average of 25 samples. A total of 462 community survey questionnaires were collected, including 11,511 valid individual questionnaires for the elderly ages 60 and older. There are 558 elderly people with lack of health variables, 294 elderly people without children, 92 children with lack of educational information, and 107 elderly people with lack of demographic characteristics. Therefore, after excluding some missing variables and samples of the elderly without children, 10,460 elderly people were included in the analysis.



Variable Selection and Description
 
Dependent Variable

The dependent variable in this study was the self-rated health, physical, and mental health of the elderly. Our study used multiple indicators instead of unit-dimensional standard measurement to measure health level. In particular, we used indicators of self-rated health (SRH), physical health utilizing the activities of daily living scale (ADL) and the instrumental activities of daily living scale (IADL), and mental health, which combined subjective and objective health assessment to more accurately measure the health of the elderly.

SRH has proven to be a relatively stable indicator for measuring health, and can effectively predict the risk of death for the elderly. Even when the objective health status is considered, self-assessed health remains a better representation of the health status of the elderly (2). The SRH measurement is based on the response to the question, “What do you think of your current physical health?”. The score is from 1 to 5. A higher score indicates batter health status.

For IADL items, the respondent was asked, “Do you have any difficulty in doing the following activities?” The activities include cooking, washing clothes, cleaning, taking medicine, nailing, managing money, making phone calls, getting out in the rain, shopping, and going to a physician. Based on these ten items of IADL, we constructed a dichotomous indicator for IADL disability, similar to previous similar studies of disability trends (29). There are three options for each question about instrumental ability of daily living (3 = need no help from others, 2 = need some help from others, 1 = completely need help from others). We summed up the scores for each item (10–30 points). A higher score indicates that the elderly had a stronger instrumental ability of daily living.

Depression is the most important indicator of mental health, which is often used to measure mental health status. People suffering from depression tend to have sub-health or even serious psychological problems. In this study, we used depression as a measure of the elderly's mental health. Center for Epidemiologic Studies Depression Scale-revised 10-item version for adolescents (CESDR-10) was used to measure the degree of depressive symptoms based on ten questions with three response options, “3 = no, 2 = sometimes, 1 = often.” Negative emotional responses were reverse scored to provide a positive score with a summed range of 10–30. Higher scores suggest a lower degree of depression and, conversely, better mental health.



Independent Variable

Achievement refers to an individual's attainment of his or her social identities. In the Chinese context, children are the hope and sustenance for parents who generally “cherish great ambitions for their son and daughter.” On the one hand, parents hope their children live better in the future; on the other hand, parents of promising children will be respected by others (2). The social achievements of children are mainly reflected in two aspects: education and income (30). To this end, this study considers children's education and income levels as proxy variables of children's achievement. In the CLASS questionnaire, the question regarding children's education levels is “What about your child's education level?” We converted it into continuous variables: 0 = illiterate, 6 = primary school, 9 = junior high school, 12 = high school, 15 = junior college, 16 = university, and 19 = master. The question regarding children's income level is “What about your child's financial situation?” We also convert it into continuous variables: 1 = very difficult, 2 = relatively difficult, 3 = general, 4 = relatively rich, and 5 = very rich. Since the elderly may have multiple children, the highest achievement among multiple children is usually taken to measure children's education and income levels.



Mediating Variable

The elderly can maintain their health through resources such as financial assistance, information, and emotional support (31). This study sets three variables: housing arrangements, children' financial support to their parents, and social capital.

In terms of housing arrangements, the study adopts the question “Who lives under the same roof and eats at the same table as you?” in the CLASS questionnaire. For the four options “son, daughter, son-in-law, daughter-in-law” one is assigned if at least one option is met; otherwise, zero is assigned.

The question regarding children' financial support to their parents is “In the past 12 months, did this child give you (or living spouse who resides with you) money, food or gifts? How much are these items worth?” Logarithm was used for the analysis.

In terms of social capital, the Social Network Scale (Lubben Social Network Scale 6, LSNS-6) compiled by Lubben et al. (32) in the CLASS questionnaire was used to measure the social capital of the elderly. This scale includes family and friend networks, which inquiries about the relatives and friends of elderly individuals who can meet, talk, and provide help. “None,” “1,” “2,” “3–4,” “5–8,” “9” and “more” are assigned with values 0, 1, 2, 3, 4, and 5, respectively. Therefore, the social network range of the elderly is between 0 and 30; the higher the score, the broader the social network of the elderly.



Control Variable

Based on the CLASS survey, this study selected the characteristic variables of the elderly as the control variables, mainly including elderly gender (dummy variable: 0 = female, 1 = male), age (continuous variable), marriage status (dummy variable: 0 = unmarried, divorced or widowed, 1 = has spouse), education level (continuous variable: 0 = illiterate, 6 = elementary school, 9 = junior high school, 12 = high school, 16 = university), place of residence (dummy variable: 0 = rural, 1 = urban), and household income (continuous variable). In addition, for the income of elderly parents, the logarithm is used for analysis to regress the unbiased results.




Research Methods

STATA15.0 was used to analyze how children's achievements impact their elderly parents' health. First, a descriptive statistical analysis was used to describe the data distribution of the mediating and control variables. Second, a bivariate correlation analysis was performed for key variables to determine the significant relationship between these variables. Furthermore, we used the least squares method to analyze the relationship between children's achievements and their elderly parents' health. Finally, we adopted the multiple-step multiple mediator model proposed by Taylor et al. (33) and Hayes (34) to measure the mediating effect of living pattern, children' financial support to their parents, and social capital, and non-parameter percentile Bootstrap method of deviation correction was used to estimate the coefficient.




EMPIRICAL TEST


Analysis of Results

Table 1 reports the basic status of the 2014 CLASS sample used in this study (N = 10,460), mainly including the number of samples, ranges, means, standard deviations, and frequencies. The respondents average self-rated health score was 3.02 (SD = 0.86, range: 1–5), physical health score was 28.70 (SD = 3.88, range: 10–30), and mental health score was 25.17 (SD = 3.88, range: 10–30). The average years of education completed by children is 11.10 years (SD = 3.34, range: 0–22), and the household income of children is about 4.80 yuan/year (SD = 1.63, range: 0–15.12). In terms of mediating variables, 46.09% of respondents lived with their children, and 53.91% did not live with their children. The annual financial aid provided by children is approximately 4.10 yuan/year (SD = 0.34, range: 0–5.12). The respondents' average social network score was about 20.18 points (SD = 8.62, range: 0–30). In terms of control variables, the respondents' average age was 69.49 years (SD = 7.52, range: 60–113). A total of 54.28% of respondents were male and 45.72% were female. Respondents who had a spouse (79.00%) had a much higher proportion than those with no spouse, single, divorced, or widowed (21.00%). The respondents' education levels were mainly junior high school and high school, with an average education completion of 9.29 years (SD = 5.34, range: 0–16). More than half of the respondents lived in urban areas (66.01%), and the remaining respondents lived in rural areas (33.99%). The average logarithm of the respondents' household income was 4.96 yuan/year (SD = 1.88, range: 0–11.51).


Table 1. Basic characteristics of variables.
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Bivariate Relationship Among Key Variables

We conducted a bivariate correlation analysis to test the associations among the key variables (see Table 2). First, self-rated health score (β = 0.387, p < 0.001), physical health score (β = 0.352, p < 0.001), mental health score (β = 0.185, p < 0.001), and children's income (β = 0.174, p < 0.001) were significantly related to children's education levels. Second, physical health was positively correlated with mental health (β = 0.292, p < 0.001), children's income (β = 0.118, p < 0.001), and children's education (β = 0.267, p < 0.001). Furthermore, mental health was positively correlated with children's income (β = 0.170, p < 0.001) and children's education (β = 0.222, p < 0.001). Finally, children's income was positively correlated with children's education (β = 0.295, p < 0.001).


Table 2. Correlation analysis between main variables.
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Empirical Tests

The regression results regarding the impact of children's achievements on their elderly parents' health are shown in Table 3. In Panel A, children's income [β = 0.240, 95%CI (0.208, 0.272), p < 0.001] significantly improved the self-rated health of their elderly parents. The higher the children's education levels [β = 0.015, 95%CI (0.007, 0.024), p < 0.001], the higher their elderly parents self-rated their health. In Panel B, the higher the children's income [β = 0.083, 95%CI (0.066, 0.099), p < 0.001], the higher the physical health scores of their elderly parents. Furthermore, children's education level [β = 0.009, 95%CI (0.004, 0.013), p < 0.001] had a significant positive correlation with the physical health scores of their elderly parents. That is, the higher the children's education levels, the higher the physical health scores of their elderly parents. In Panel C, both children's income [β = 0.359, 95%CI (0.290, 0.428), p < 0.001] and children's education [β = 0.056, 95%CI (0.038, 0.075), p < 0.001] can improve the mental health scores of their elderly parents. In other words, the higher the children's income and education levels, the lower the probability that their elderly parents will experience depression. This indicates that no matter which index is used to measure elderly parents' health, elderly parents' health status increases with the achievements of their children.


Table 3. Regression results about children's achievements and elderly health.
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The regression results show that control variables also have an important impact on elderly parents' health. Compared to female elderly parents, male elderly parents scored higher in self-rated health, physical health, and mental health. The older the elderly parents, the lower their self-rated health, physical health, and mental health scores. Compared with single elderly parents, married elderly parents scored higher in physical and mental health. The higher the education levels of elderly parents, the higher the scores on self-rated health, physical health, and mental health. Household income was significantly positively correlated with elderly parents' health. That is, the higher the family income of elderly parents, the higher their self-rated health, physical health, and mental health scores.



The Mediation Effect of Housing Arrangements, Children' Financial Support and Social Capital
 
Living Patterns

Table 4 reports the mediating effect test on living patterns. In Model 1, children's education is significantly positive at the statistical level of 5%, indicating that there is a greater probability that elderly parents will live with their children as the children's education level increases. The children's income is significantly positive at the statistical level of 1%, indicating that there is a greater probability that elderly parents will live with their children as the children earn higher incomes. In Model 2, the elderly parents who live with their children have better self-rated health compared to elderly parents who do not live with their children. In Model 3, living pattern is significantly positive at the statistical level of 5%, indicating that elderly parents living with their children have better physical health. In Model 4, living pattern is significantly positive at the statistical level of 1%, and elderly parents living with their children have higher mental health scores. It is indicated that living pattern plays a mediating role in the relationship between children's achievements and their elderly parents' health. Hypothesis 2 is established.


Table 4. Analysis of multiple mediation effect of housing arrangement.
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Children' Financial Support to Their Parents

Table 5 reports the mediating effect test results related to children' financial support to their parents. In Model 1, children's education is significantly positively correlated with children' financial support to their parents. In other words, the higher the children's education level, the more children' financial support to their parents the elderly parents receive. Children's income is significantly positive at the statistical level of 1%, and elderly parents receive more children' financial support to their parents as their children's income increases. In Model 2, children' financial support to their parents is significantly positive at the statistical level of 1%. Elderly parents had higher self-rated health scores as they received more children' financial support to their parents. In Model 3, although the regression coefficient of children' financial support to their parents has a positive sign, it fails to pass the statistical level test. This indicates that children' financial support to their parents has no significant effect on the physical health of elderly parents. In Model 4, children' financial support to their parents has a positive effect on the mental health of elderly parents. That is, elderly parents have better mental health as they receive more children' financial support to their parents. Children' financial support to their parents plays a mediating role in the relationship between children's achievements and their elderly parents' health. Hypothesis 3 is established.


Table 5. Analysis of multiple mediation effect of children' financial support to their parents.
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Social Capital

Table 6 reports the mediating effect test results related to social capital. In Model 1, children's education is significantly positive at the statistical level of 1%. This indicates that the higher the children's education level, the richer the social capital of elderly parents. Children's income is significantly positively correlated with social capital. That is, the higher the children's income, the richer the social capital of their elderly parents. In Model 2, social capital is significantly positive at the 1% statistical level. This indicates that the richer the social capital, the higher the self-rated health score of elderly parents. In Model 3, social capital is significantly positively correlated with physical health. This indicates that the richer the social capital, the better the physical health of elderly parents. In Model 4, social capital has a positive effect on the mental health of elderly parents. That is, the richer the social capital, the better the mental health of elderly parents. Social network plays a mediating role in the relationship between children's achievements and their elderly parents' health. Hypothesis 3 is established.


Table 6. Analysis of multiple mediation effect of social capital.
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CONCLUSION AND DISCUSSION

Elderly health has significant economic and social consequences (15). As the population continues to age, a healthy aging strategy is particularly important in China's layout. In this context, although the responsibility for solving the predicament of aging has shifted from family to state, the traditional value of “filial piety” still plays an important role. As a result, healthy aging has become a collaboration among the country, society, and family. At the family level, children's achievements result in changes in family economic functions and lifestyle preferences, break the traditional structure of big families, and affect the health of elderly parents (3). Therefore, it is of great significance to investigate the impact of children's achievements on their elderly parents' health.

Regarding Chinese parents' cognition, children's achievements are mainly reflected in children's education and income levels. This study found that children's achievements (children's education and income) have a positive effect on the health of their elderly parents. Hypothesis 1 of this study was established. On the one hand, children with higher education levels have higher health literacy (such as reduced smoking and drinking and frequent physical examinations). Therefore, they reduce the risk of their parents' death related to chronic diseases, respiratory diseases, and lung cancer and improve the health of their elderly parents (35). At the same time, children's higher education levels can also delay the decline in their parents' cognitive function and short-term memory and maintain their parents' good mental state and perceived social status (30, 36). On the other hand, children with higher income levels will not only provide their parents with more elderly care services and improve their health, but they will also alleviate the mobility constraints faced by their elderly parents and improve the living standards of the elderly, enhance medical affordability, and strengthen their health (5). At the same time, Chinese people are sensitive about their reputation. If children have higher income, their elderly parents will feel dignified, which also plays a positive role in improving the mental health of the elderly (37).

This study finds that living patterns play a mediating role in the relationship between children's achievement and their elderly parents' health. Thus, Hypothesis 2 was established. With the advancement of new urbanization strategies and the continuous deepening of industrialization in China, young and middle-aged populations continue to migrate to urban areas. This results in the separation of adult children from their elderly parents and health declines in their elderly parents (38). However, high achieving children can relocate their families to be near them. Proximate residence, in which elderly parents live independently while children live nearby, is increasingly popular (9). Children living nearby can generally undertake more housework and visit more frequently than children who live far away (39), thus possibly improving and maintaining their elderly parents' health through timely supervision of the health behaviors and improved access to medical services (40, 41). In particular, children's concern about daily life and communication with the elderly (mental comfort) will help stimulate the elderly's intellectual development, thereby increasing the growth of brain nerves, maintaining low brain degeneration, and slowing down cognitive function decline (42).

This study finds that children' financial support to their parents plays a mediating role in the relationship between children's achievements and their elderly parents' health. Thus, Hypothesis 3 was established. Generally speaking, high achieving children maintain a higher socio-economic status and have a greater ability to provide material support to their elderly parents (43). Currently, China's old-age security system is incomplete and has a low security level. Traditional family pensions are still the main method of elderly care, and private transfer payments are an important income source for the elderly. Abundant evidence shows that transfer payments from children can significantly improve their parents' health (44, 45). Finch et al. (44) found that remittances from Mexican immigrants can significantly improve the accessibility of medical services for family members of origin. Gerber and Torosyan (45) use Georgia as an example and find that private transfer payments significantly increase the family budget and total family expenditure, which has a positive effect on the health of family members.

This study finds that social capital plays a mediating role in the relationship between children's achievements and their elderly parents' health. Thus, Hypothesis 4 was established. In China, a country that values human relationships, social capital plays an important role in people's daily lives. The intergenerational mobility model of Becker and Tomes (46) indicates that the maximization of family welfare needs to take intergenerational welfare level into account. There is a Chinese proverb that states, “We should see how the father loves the son in the first 30 years and how the son repays the father in the next 30 years.” This means that elderly parents have more social capital if their children achieve more. Social capital is strongly related to depression and chronic diseases, while trust in social capital can significantly alleviate depression symptoms in the elderly. Structure-based social capital can increase social participation of the elderly, encourage the elderly to participate in various organizational activities, enhance interpersonal communication, and reduce loneliness among the elderly (47–49). Furthermore, both community social capital and individual social capital promote the health of elderly individuals who live in rural areas. Interaction with friends, leisure, and entertainment, and helping others are the most important social activities that improve the health of elderly individuals who live in rural areas. Community social capital creates a greater health promotion effect than individual social capital (3).

This study has several important policy implications. First, based on the positive impact of children's achievements on parents' health, we need to vigorously promote the fine tradition of caring about children's education and create a strong atmosphere that fully supports education. On the other hand, with investment and resource allocation as the starting point, preferential policies should be released for children's education in disadvantaged families in terms of parental health. Secondly, in view of the effect of intergenerational connections in improving elderly parents' health, we need strengthen traditional cultural education of “filial piety” across the country, create a social atmosphere of “coming back home often,” and further broaden the applicability scope of paid leave system for employees who care for the elderly.

Of course, there are some limitations to this study. This study, with cross-sectional data from 2014, cannot identify the causal relationship between children's achievements and their elderly parents' health. At the same time, there may be a two-way causal relationship between children's achievements and their elderly parents' health, while two-way causality has been a major problem faced by social sciences for a long time. This study failed to find suitable instrumental variables to identify causal relationships. In addition, the three mediating variables of living pattern, children' financial support to their parents, and social capital interact in between, but this study regards them as parallel and does not analyze them based on multiple mediating effects.
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With the rapid expansion of the Internet, it continuously penetrates the life of older adults around the world. This study aims to explore the effect of Internet use on the multi-dimensional health of the elderly with the mediating role of cultural engagement. Using data from the Chinese General Social Survey (CGSS) in 2015 and 2017, this study adopts logistic regression and a single-step multiple mediation model to investigate how Internet use affects the multi-dimensional health of older adults in China. The results show that Internet use has positive effects on the self-rated health, physical health, and mental health of the elderly. Endogenous tests, robustness analysis, and sensitivity analysis show that the above conclusions remain robust. Additionally, the mediating effect analysis shows that cultural engagement plays a mediating role in the relationship between Internet use and the three health-related responses. Therefore, to improve the elderly's health level, the government should not only cultivate the ability to use the Internet but also encourage greater cultural engagement amongst the aged.
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INTRODUCTION

Aging has become a common global public health concern due to the dramatic increase in the elderly population. As the country with the largest elderly population in the world, China's aging rate has exceeded the world average (1). It is estimated that China's elderly population aged 60 and above will be over 345 million by the end of 2030, posing huge challenges to the supply of medical and public services.

With the popularity of the Internet, it has gradually changed from a way of entertainment to a way of production and life. According to the 48th Statistical Report on the Development of China's Internet (China Internet Network Information Center, 2021), the number of elderly netizens (aged 60 and above) in China reached 123 million in June 2021, accounting for only 12.2% of all netizens (2). At the same time, the existing study found that the Internet continuously penetrates the life of older adults all over the world and increasingly becomes a part of their life, which may have a health effect (3). Previous research has analyzed the direct impact of Internet use on health and obtained many meaningful results. However, the influence mechanism between Internet use and the multi-dimensional health of the elderly is worthy to be further studied.

Cultural engagement is an important indicator to reflect the level of health of the aged. As a core element of successful aging, cultural engagement is one of the essential factors affecting the emotional wellbeing and health of older adults. Many studies have shown that social engagement is negatively associated with some diseases, mortality, and the quality of life of older persons (4). In addition, greater cultural engagement may promote social connectedness and health level among the aged, and further help reduce public health costs. The Internet has an increasingly profound impact on the elderly and gradually changed their lifestyle (5). Studies have confirmed that Internet use can motivate the elderly to participate in entertainment, social, and cultural activities (6), which are the main form of cultural engagement for the elderly.

As such, this study analyzes not only the relationship between Internet use and the multi-dimensional health of elderly people in China but also the effect mechanism among them through the mediating effect analysis using cultural engagement as a mediating variable. It adopts pooled cross-section data from the Chinese General Social Survey (CGSS). Two consecutive data of 2015 and 2017 are used, which are expected to better reflect the impact of Internet use on the multi-dimensional health of the elderly.



LITERATURE REVIEW


Effect of Internet Use on the Elderly Health

There are two viewpoints on the effect of Internet use on health. First, Internet use has a statistically significant negative effect on health. Some studies found that Internet use may significantly decrease the time spent with friends and local social networking activities, which may increase loneliness and decrease various aspects of the quality of life (7), replacing with weakly connected communication and online entertainment activities (8). Consequently, Internet use further leads to loneliness and social marginalization amongst elderly people (9). In addition, Yang et al. (10) found that Internet use was significantly and negatively associated with the life satisfaction of the Chinese elderly through the way of reducing their perceptions of social justice and communication in real life.

Second, Internet use has a positive effect on health. In terms of mental health, Quintana et al. (11) selected life satisfaction, life enjoyment, and self-rated health as proxy indicators. Using the data obtained from the English Longitudinal Study of Aging (ELSA), the empirical analysis results show that Internet use has a significant and positive effect on the mental health of elderly people in the UK. Similarly, Yuan (12) suggested that the more frequently the elderly in Shanghai, China used the Internet, the lower possibility of having psychological problems, especially for the elderly with chronic diseases. Meanwhile, Internet use can relieve older adults' depression and anxiety (13) and the likelihood of dementia and cognitive deterioration (14), and thus promote them to exhibit better health behaviors (15). Also, Internet use could be beneficial for the elderly to obtain more health information, which in turn improved their physical health (16) and mental health (17).



The Mediating Effect of Cultural Engagement

Being old does not necessarily mean poor physical activity, but it may mean being active and achieving goals in late life (18, 19). According to the study by Nenonen et al. (20), cultural activities were associated with self-rated health and quality of life.

First, Internet use may encourage older people to engage in cultural activities more frequently. Compared with non-Internet users, the elderly who used the Internet were not only easier to accept and learn new technologies and lifestyles, but also more optimistic about aging (21), which made them more likely to participate in various cultural activities held both online and offline (22). Further, the elderly could easily obtain relevant information about cultural activities and community events through the Internet, which in turn stimulated them to participate in offline related activities (23). Nasi et al. (24) showed that there was a significantly positive relationship between the frequency of Internet use and cultural activity among the Finnish elderly.

Second, as for the relationship between cultural engagement and the elderly's health. According to the Activity Theory, elderly people who like to participate in various activities could be more possible to have a higher level of health (25). Konlaan et al. (26) also found that elderly people who watch movies and participate in art activities frequently have a lower mortality rate. Fancourt and Steptoe (27) found that cultural engagement (e.g., visiting museums/galleries/cinema/theater/concerts) is linked with a lower odds of depression amongst adults. Besides, Wang et al. (28) found that frequent arts participation and cultural attendance play a positive role in alleviating mental distress and promoting levels of life satisfaction, which in turn improve mental health.




MATERIALS AND METHODS


Data Processing

The data used in the study are selected from the Chinese General Social Survey (CGSS) database organized by Renmin University of China. The CGSS adopts multistage stratified sampling to obtain nationally representative samples that span all provinces except for Taiwan, Hong Kong, and Macau. To ensure the data's continuity and improve sample size (hence increasing statistical power), we combine data sets from the two waves in 2015 and 2017 with sample sizes of 10,968 and 12,582, respectively. This data combination is reasonable because the two consecutive data have the same sampling design and questionnaire. Given that the research object is the elderly population over 60 years old, respondents under 60 are excluded from the study. After excluding 1,896 respondents with missing values and outliers, we obtain a final sample with 6,066 respondents. Details about the sample selection and preprocessing are shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart of sample selection and preprocessing (n represents sample size).


Empirical analyses in our study are realized by two different statistical software programs: R (a freely available statistical software, version 4.1.0) and Stata (version 16.0). The data were obtained from a publicly accessible database of the Chinese General Social Survey at Renmin University of China Open Research Data platform (http://cgss.ruc.edu.cn/) with a signed data use agreement (29).



Measurements
 
Dependent Variable

According to Xiong et al. (30) and Zhao and Liu (31), we construct three dependent variables to comprehensively describe health, namely self-rated health, physical health, and mental health. To define self-rated health, we use the question “what do you think of your current state of health,” which has five available answers, namely “1=Very unhealthy,” “2=Less healthy,” “3=Generally,” “4=Healthy,” “5=Very healthy.” We redefine self-rated health=0 for “Very unhealthy,” “Less healthy,” and “Generally,” and otherwise self-rated health=1. Physical health is defined by the question “In the past 4 weeks, how often have health issues affected your work or other daily activities?”. Mental health is measured by the question “In the last 4 weeks, how often have you felt unhappy or depressed?”. The above two questions both have five available answers, including “Never,” “Rarely,” “Sometimes,” “Frequent,” and “Very frequent.” In our analysis, the dependent variable “physical health” and “mental health” are set to 1 (Healthy) if the answer is “Never” or “Rarely,” otherwise set to 0 (Unhealthy).



Independent Variable

The independent variable in this study is Internet use, obtained from the question “In the past year, your frequency of Internet use (including mobile Internet) is?”. The available answers are “Never,” “Rarely,” “Sometimes,” “Frequent,” and “Very Frequent.” Referring to the study of Jin and Zhao (32), we redefine “Never” as “non-Internet users” and assign a value of 0, and the other answers are redefined as “Internet users” and assigned a value of 1.



Mediating Variable

The mediating variable is cultural engagement. We use the following question in the CGSS: “In the past year, how often have you engaged in the following activities?” (a) “going to the cinema,” (b) “attending cultural events, such as concerts, performances, and exhibitions,” (c) “participate in physical exercise,” and (d) “watching sporting events live.” For each activity (item), the options range from 1 (Never) to 5 (Always). A higher score represents a greater cultural engagement. The above 4 activities are combined to jointly measure the individual level of “cultural engagement.” Therefore, cultural engagement ranges from 4 to 20, with higher scores indicating greater frequency of participation in cultural activities.



Control Variable

Previous studies indicated that demographic characteristics and social-psychosocial perception would significantly affect the multi-dimensional health of older adults (33, 34). Considering the effect of other factors on the health of older adults, we also include 6 demographic variables (gender, age, household, education, annual income, and living region) and 3 social-psychosocial perception variables (subjective wellbeing, social trust, and subjective class) as the control variables. The living region (East, Central, and West) is represented by two dummy variables. The descriptive statistical analysis of all variables is shown in Table 1.


Table 1. Descriptive statistics of all variables.

[image: Table 1]




Empirical Model

Since all three dependent variables are binary, logistic regression is adopted to analyze the effect and influence mechanism of Internet use on health. Denote Z = (Z1, ⋯ , Z10) as all 10 control variables (including dummy variables), Internet as Internet use, and Healthk as the k th dependent variable (k = 1, 2, 3). For each dependent variable, construct the following logistic regression

[image: image]

where i = 1, .⋯ , n is the ith respondent, pik = Prob(Healthik = 1) is the probability that the kth dependent variable of the ith respondent is “health,” εik is the independently and identically distributed error term. β0k, β1k, and γjk are the unknown intercept, the regression coefficient of Internet, and regression coefficients of Zj, respectively, for the dependent variable Healthk.

It is noted that endogenous problems may exist due to the possible missed important variables. To deal with this problem, we adopt the instrumental variable (IV) method with a two-stage least square (2SLS) estimate. We use the provincial Internet penetration rates as the instrumental variable, which is believed to affect the elderly's Internet use but is irrelevant to health in the existing literature (35, 36). The following 2SLS problem is constructed:
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where IVi is the instrumental variable, and [image: image] is the predicted value of Interneti from (2). Interneti, Zij, and ε are the same as above. φ, ϕ, and λ are parameters to be estimated.

Meanwhile, we also conduct robustness analysis by adopting the propensity score matching (PSM) method. Based on the independent variable Internet use, the samples can be divided into the treatment group (Internet users) and the control group (non-Internet users). We then identify control variables as many as possible that affect both the dependent variable health and the independent variable Internet use. The treatment effect of Internet use on the health of older adults is as follows:

[image: image]

In Equation (4), Zi is the control variable of the ith older adult. Di is the indicator variable. Di= 1 indicates that the i th older adult has internet access, and Di= 0 indicates that older adults i do not have internet access.

To further obtain robust matching results, this study used three common matching algorithms, i.e., K-nearest neighbor matching, radius matching, kernel matching, and caliper nearest neighbor matching. The average treatment effect on the treated (ATT) for multi-dimensional health is given as

[image: image]

In Equation (5), [image: image]and [image: image] represent the observed and unobserved Healthk of the treatment groups, respectively.




RESULTS


Benchmark Regression

Before empirical analysis, we conduct a multicollinearity test. The VIF (variance inflation factor) is far below the critical value of 10 with a mean of 1.42 and a maximum of 2.13. Therefore, multicollinearity does not exist in our data.

To explore the effect of the internet use on the health, we adopt the logistic regression and denote Modeli, i = 1, 2, 3 as the model for dependent variables “Self-rated health,” “Physical health,” and “Mental health,” respectively. Estimation results are shown in Table 2.


Table 2. Logistic regression estimation results of Internet use on multi-dimensional health.

[image: Table 2]

From Table 2, we can observe that almost all variables have significant effects on the health. Internet use has a positive effect on all three dependent variables. Taking a look at the coefficients of the control variables, compared with men, women's self-rated, physical, and mental health levels are higher. With the increase of age, the levels of self-rated health and physical health will decline, but age has no significant effect on mental health. The physical health of agricultural households is higher than that of groups with non-agricultural household. Annual income has a positive effect on the health level of all three dimensions. From the perspective of geographical location, the people in the central and eastern regions have a high probability to be healthy (in terms of all three types of health) than people in the western area. In terms of socio-economic factors, subjective wellbeing, social trust, and subjective class show significant positive effects on all the three health-related dependent variables.

The goodness-of-fit tests based on Hosmer-Lemeshow Chisq-square statistics in Table 2 show that the constructed models fit the data well, which may verify that the variables we choose for model construction are appropriate.



Endogenous Treatment: Instrumental Variables Approach

There may be an endogeneity problem between Internet use and the health of older adults. Therefore, the 2SLS method is used to reduce the bias caused by the endogeneity problem. 2SLS method is usually used to analyze it and the validity of the instrumental variables (37). Theoretically, effective instrumental variables must be uncorrelated with random error. Meanwhile, they must be highly correlated with endogenous variables. Here, we choose the provincial Internet penetration rates as the IV. On the one hand, Internet usage is related to the provincial Internet penetration rates. On the other hand, the Internet penetration rate is not related to the elderly's health at the micro-individual level.

To conduct 2SLS method, first, we estimate the effect of provincial Internet penetration rates on Internet use. Second, we estimate the effect of Internet use on health by regression. The estimation results are reported in Table 3. For a single instrumental variable, F-statistics under 10 are thought to suggest a problem of weak instruments (38). In this study, the F-statistic implied by this first-stage regression is 213.28, which allays any concerns about weak instruments.


Table 3. The treatment of endogeneity: instrumental variable model.
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The regression results of the full sample show that the regression coefficient of the provincial Internet penetration rates on the health of the elderly is 0.0073, which is significant at the 1% level. Next, the coefficients of Internet use in the second-stage regression on the self-rated, physical, and mental health of the elderly are 0.8832, 0.1462, and 0.2918, respectively. The results show that Internet use has a significant positive effect on all dimensions of health. As a result, the relationship between Internet use and the multi-dimensional health of older adults has been further verified.



Robustness Analysis

To obtain the net effect of Internet use on the self-rated health of the elderly, propensity score matching (PSM) is selected to test the robustness of logistic regression results. We divide the sample into two groups: the treatment group (using the Internet) and the control group (not using the Internet). Before adopting PSM, the sample must pass the balance test, which ensures that no systematic difference exists between the treatment group and the control group after matching except for the key explanatory variables. We employ the PSM method to generate a matched comparison group for our analysis. The results of the balance tests are presented in Table 4.


Table 4. Results of balance test.

[image: Table 4]

Taking the balance test results of radius matching as an example, the standardized deviation of all variables is controlled within the desired 5% after matching. All of the t-values are not significant after matching, which shows that the difference between the treatment and control groups is not significant after applying the PSM. The results show that the method of PSM is similar to the results of random experiments, indicating a better matching effect. At this time, the results of the balance test and the effect of average Internet Internet use on physical and mental health are presented in Supplementary Tables 1–4. In conclusion, the results are consistent with the aforementioned logistic regression results. Specifically, Internet use is significantly and positively associated with self-rated, physical, and mental health among older adults both before and after matching.

This paper firstly estimates ATT before matching, and the results are shown in Table 5. The average treatment effect before matching is significantly higher than that after matching, which means that if the selection bias is not considered, the influence of the Internet on self-rated health will be overestimated. There are four different matching methods adopted to calculate the average treatment effect. The estimation results of different matching methods are similar, indicating that this study is not sensitive to matching methods and has good robustness.


Table 5. The average treatment effect of Internet use on self-rated health.
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Sensitivity Analysis

This study applies sensitivity analysis to test the robustness of the result. Rosenbaum's approach in particular focuses on the hidden biases that can change the results of the treatment effectiveness obtained. We use the command “rbounds” in STATA to conduct the “Rosenbaum bounds” analysis. Generally, the higher the value of Γ, the lower the hidden bias would be. Generally, if the existing conclusion becomes insignificant when the value of Γ (gamma) is very large (usually close to 2), it can be considered that the conclusion is tenable (39).

The results of the sensitivity analysis are displayed in Supplementary Tables 5–7. The critical values of gamma (Γ) range from 1 to 2. For self-rated health, when Γ increases to 1.8, we can observe a significant sensitivity (Supplementary Table 5). For physical health, with Γ = 1.5 a significant sensitivity at the 10% significance level is observed (Supplementary Table 6). For mental health, with Γ = 1.4 a significant sensitivity at the 10% significance level is observed (Supplementary Table 7). The above three Γ values are closed to the threshold value 2. This can partly support that the PSM analysis results are reliable.



Heterogeneity Analysis

We further examine the differences in the effect of Internet use on the health of seniors among different age groups and household groups. As shown in Table 6, regarding age differences, Internet use has a significant positive effect on the self-rated, physical, and mental health of the elderly aged 60–69, however, it has no significant effect on the health of the group over 70 years old.


Table 6. Regression results by household.
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From the perspective of the household, Internet use has a significant positive effect on the self-rated health of the agricultural household elderly, but not so much for the non-agricultural households. However, the effects of Internet use on physical health and mental health of non-agricultural older adults is significantly greater than that of the group with agricultural household (Table 7).


Table 7. Regression results by household.

[image: Table 7]



Mechanism Analysis

The results of the logistic regression discussed above also suggest a significant positive effect of Internet use on the multi-dimensional health of older adults. Here, we further explored whether cultural engagement is an intermediary factor driving this relationship. The single-step multiple mediation analysis introduced by Hayes (40) with bootstrapping using 2,000 bootstrap samples and 95% Bias Corrected (BC) bootstrap confidence interval (CI) is used in this study.

Referring to the study by Cheung and Lau (41), the effect is considered to be significant if zero is not included in the confidence intervals. As shown in Table 8, first, the effects of Internet use on self-rated health, physical health, and mental health are all significant and positive, with a standardized estimate of 0.014 [95% CI = (0.007, 0.024)], 0.022 [95% CI= (0.015, 0.032)], and 0.011 [95% CI= (0.004, 0.019)], respectively. An indirect effect is declared significant for the given sample if the confidence interval excludes zero (42). Hence, the indirect effect of Internet use on self-rated health, physical health, and mental health is mediated through cultural engagement.


Table 8. The mediating effect of cultural engagement.
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DISCUSSION

To better explore the relationship between Internet use and multi-dimensional health among Chinese older adults, this study adopts a comprehensive empirical analysis using the CGSS data in 2015 and 2017. Logistic regression is used to obtain how Internet use affects the three types of health of the elderly. To verify the analysis, 2SLS method and PSM method are adopted for endogenous and robustness tests, respectively. Moreover, this paper also conducts a heterogeneity analysis for different age groups and household groups. To explore the mechanism of the effect of Internet use on health, we use cultural engagement as a mediating variable for mediating effect analysis. The results are as follows:

First, Internet use has a positive effect on self-rated health, which is similar to the previous study (43). Internet use significantly and positively effects physical health, which is also consistent with previous findings (44). Also, Internet use is significantly positively associated with mental health, which is consistent with prior work of Keane et al. (45) and Chang and Im (46). In other words, the more frequently older persons use the Internet, the greater the impact on self-rated health, physical health, and mental health will be. This possible reason may be that the information and resources on the Internet are more abundant, which helps seniors enrich their lives and keep connected to their social networks.

Second, the heterogeneity analysis shows that for the group aged from 60 to 69, using the Internet may improve their levels of self-rated, physical, and mental health, whereas, for the elderly over the age of 70, Internet use has not yet shown significant effect on their health level. The results are consistent with the study of Yang and He (47). The possible reason for the above findings is that the younger older adults have fewer obstacles to Internet use, so they can obtain various types of information and resources on the Internet more conveniently. Additionally, for the elderly with agricultural household, the increasing self-rated health effect is more apparent when using the Internet. Perhaps this is because the Internet is still a novelty for the elderly with agricultural household. However, the physical and mental health of the aged with agricultural household is significantly lower than their counterparts in the non-agricultural group. The possible reason is that non-agricultural household seniors benefit not just from better quality network access, but also from a high level of Internet skills for social and leisure participation.

Third, our findings demonstrate that cultural engagement is introduced as a mediating variable to identify the influence mechanism of Internet use on three dimensions of health. On the one hand, Internet use will promote cultural engagement activities, and this finding is consistent with the study of Cilesiz (48). Internet use can effectively reduce the cost of information acquisition, entertainment, and consumption among the elderly. Therefore, older adults may use the Internet as a medium to get information about cultural activities, which could further encourage greater cultural engagement of the elderly (49). Moreover, older people who use the Internet are more likely to accept new technologies and lifestyles, making them more likely to participate in a variety of cultural activities. On the other hand, a significant positive correlation is found between cultural engagement activities and the level of self-rated health, physical health, and mental health among the elderly. This is evidenced in previous studies (29, 50).

Based on the above empirical analysis results, this paper puts forward some suggestions as follows: (1) Improve older adults' attitudes toward Internet use. Given that Internet technology is thought to be more challenging for the elderly to learn (51), they fail to accept the convenience brought by the Internet. In this regard, a targeted training service to enhance the ability of older adults to use the Internet will help them become familiar with the various applications (e.g., health management, leisure, and social contact), which in turn bridge the digital divide and achieve active aging. Meanwhile, relevant departments should cultivate the elderly's ability how to distinguish quality health information from inaccurate, misleading, or fraudulent material. (2) The government should help to create an elderly-friendly environment by building activity centers and increasing public service fiscal expenditures. Furthermore, social resources should be mobilized for investment in the elderly-care industry. (3) The local community should organize various forms of cultural activities among the aged and widely publicize them through the Internet, to stimulate the interest of the elderly in cultural participation.

This study enriches and broadens previous research and contributes to the literature as follows. Previous research has used data from only 1 year to explore the impact of internet use on a single dimension of health. In comparison with existing studies, we use the CGSS data from 2015 to 2017 to ensure the data's availability and continuity. In addition, we used an innovative research perspective, the study divides health into three dimensions (self-rated, physical, and mental health), providing a multi-dimensional consideration of health connotation. More importantly, our findings provide evidence for the first time that cultural engagement acts as an important mediating variable between Internet use and the health of older adults. It not only provides empirical support for improving the health status of older adults but also supports the promotion of policies on active aging.

However, this paper also has some limitations. Due to the availability of variables of secondary data, only cultural engagement is used as a mediating variable. Further, given the absence of broader measures of economic activities, family activities, and political activities, it is difficult to accurately reflect the mediating effect of active aging between Internet use and the health of older adults. However, these deficiencies will provide research directions for further research in the future. These limitations are worthy of more relevant future studies.



CONCLUSION

Based on a national sample of Chinese older adults, this study establishes a new conceptual framework to explain the mechanism of how Internet use affects the multi-dimensional health of older adults under the mediating role of cultural engagement. This study unveils that Internet use directly affected health among older adults, and cultural engagement plays an intermediary role between Internet use and multi-dimensional health.
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A global trend toward aging populations means that the challenge of providing adequate long-term care to older people looms large in many countries. In Singapore, a public discourse revolving around the expansion of assisted living to create age-friendly environments in long-term care has emerged. This study examines Singapore's experience in developing regulations for assisted living by documenting the different levels of regulation in place and by identifying the regulatory gaps remaining to govern assisted living. Anchoring in a conceptual framework on the governance of assisted living, different regulatory components of assisted living at the micro-, meso-, and macro-levels are analyzed. Using a case study method, primary and secondary data examining the experiences of governing and implementing assisted living in Singapore were collected. Analysis was conducted using a thematic analysis approach. Micro- and some macro-level regulations, which include admission assessment, staffing, and infrastructural requirements for assisted living, are maturing and evolving, while meso-level regulations, such as operational management, the monitoring framework, and stipulations for training requirements for staff, remain a work-in-progress in Singapore. The regulations for assisted living are currently primarily guided by soft laws, such as practice guidelines; the government has committed toward enacting permanent regulations for all long-term care facilities with the phased implementation of the Health Care Services Act from 2021 to 2023. We conclude that assisted living, despite the early stage of its development in Singapore, is a viable care model that should be expanded to meet the rising demand for care on the part of a majority of older people, who fall in the middle of the care continuum (that is, they can neither live independently nor need complete institutionalization). We also propose five policy recommendations for all aging countries to strengthen the governance of assisted living in long-term care. These include establishing (i) clear provisions on care quality assessment and the redress of grievance, (ii) minimum standards of care, (iii) differential regulations for assisted living, (iv) routine care assessment, and, (v) applying technology in assisted living facilities to address a shortage of care workers.

Keywords: assisted living, age-friendly environment, long-term care, case study, governance, regulation


INTRODUCTION

Population aging is touted as a success story of development as improved socio-economic conditions bring forth better healthcare, nutrition, and quality of life. The world's population has been aging fast for three decades. In 1990, there were 703 million people aged 65 and above; by 2019, this number had doubled. In a similar vein, the share of the population aged 65 and above has increased from 6% in 1990 to 9% in 2019. Likewise, the oldest of the elderly population (aged 80 and above) also tripled between 1990 and 2019, and this trend is projected to persist until 2050, with the effects observed most significantly in Asia and North Africa. Correspondingly, life expectancy has also increased substantially, in line with socio-economic improvement. As of today, life expectancy at birth for females and males is 74.7 and 69.9, years, respectively, and it is expected to continue increasing till 2050 (1).

As an industrialized and rapidly aging nation, Singapore too is grappling with the immediate and long-term implications of a graying population. In 2020, older people aged 65 and above stood at approximately 14% of the total population (1 in 7) (2). By 2050, it is forecasted that the proportion of older people aged 65 and above will be approximately 33.3% (1 in 3) (3). Singapore residents have also consistently ranked among the highest in the world in terms of life expectancy at birth. In 2019, the life expectancy at birth for the resident population was estimated at around 83.6 years (3). Furthermore, the old-age dependency ratio in Singapore, which is currently among the highest in the world, increased from 3.7 in 1960 to 18.0 in 1970, and is projected to reach 58.5 by 2050 (The World Bank, 2021). Compounding the aging population issue in Singapore is the steep fall in the total fertility rate, which decreased drastically, from 5.8 in 1960 to 1.2 in 2020 (4). Figures 1A–D illustrate the rising and falling trends, the projections of population aged 65 and above, life expectancy at birth, the old-age dependency ratio, and the total fertility rate in Singapore, comparing these with the global average and the average from the high-income countries between 1960 and 2050.


[image: Figure 1]
FIGURE 1. (A) Trends in the population aged 65 and above (% of total population); (B) Life expectancy at birth, total (years); (C) Age dependency ratio, old; (D) Fertility rate, total (births per woman) in Singapore, the world, and high-income countries from 1960 to 2050.


The rapid aging of the population in Singapore will translate into higher demand for long-term care services over the next few decades. Assisted living is an emerging long-term care option in Singapore, owing both to a graying population and the policy narratives that it is a desirable model of old-age living and could address the care needs of most senior citizens (5). North American countries possess a relatively longer history in growing the assisted living market, as compared to other parts of the world. Between the late 1970s and the early 1980s, there was a paradigm shift in the long-term care sector in the US, from traditional nursing homes to assisted living; this was prompted by a reconsideration of nursing homes as the predominant service delivery model in long-term care, one largely motivated by the variation in their quality (6). The aim of assisted living is to enable residents to exercise autonomy, privacy, and independence in their daily lives, besides preserving dignity and respect in a nurturing environment that is non-restrictive and home-like (7). It is also intended to preserve the physical, mental, and psychological health of individuals who seek to lead independent lives, despite needing a certain degree of assistance (8). With inclusivity in its overall policies and sufficient human resources, assisted living can enable aging-in-place by creating an age-friendly environment that is conducive for retirement (9). In aging country such as Japan, living in an age-friendly environment was shown to promote social participation and civic engagement among the older people, while allowing them to maintain their social networks (10).

A systematic review of the regulations for assisted living across the world demonstrated heterogeneities in the implementation models, even within the same jurisdiction. It also identified a knowledge gap in the understanding and design of regulations of assisted living beyond North America (11). To fill this gap, this study aims to explore the introduction and expansion of assisted living in the long-term care sector in Singapore by examining the development of regulations that govern two types of assisted living facilities (ALFs): public and private. We posed the following questions. What are the different levels of regulation that are already in place to govern ALFs in Singapore? What are the remaining regulatory gaps, and how can insights into these inform policy and practice in other aging countries?

We applied a three-level governance of assisted living framework that specifies macro-, meso-, and micro-level regulatory components for assisted living developed by a systematic review (11). The theoretical underpinnings of this framework were borrowed from the American public administration literature and motivated by the same regulatory set-up in the administration of public agencies (11). Micro-level regulations are apparatuses that apply to individual actors involved in the care setting, and the components of regulations include staff requirements and resident selection (assessment criteria). In terms of the meso-level regulations, the authority can impose rules on the ALFs as operating units. It is also possible for the service providers to construct their own operational frameworks, based on the state's requirements and guidelines. This level of regulation entails components such as staff management and distribution, service provision and care monitoring, operational management, and ALF responses to emergencies (such as the Covid-19 pandemic). At the macro-level, regulations are intended to achieve sectoral-wide uniformities to define the implementation architecture of the industry. Regulatory components at this level entail operational authorization, quality assessment, and infrastructural requirements (11) (see Figure 2).
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FIGURE 2. Assisted living governance framework.




MATERIALS AND METHODS

An in-depth analysis examining the governance and implementation experiences of assisted living in long-term care in Singapore was conducted using a case study approach from January to March 2021. The case study approach is a widely applied method for understanding and theorizing circumstantial events; it centers on the examination of a contextualized contemporary phenomenon by dissecting its real-life context (12). Intended to be “an intensive study of a single unit for the purpose of understanding a larger class of similar units” [(13), 342], the case study has the potential to derive unique insights from studying a geographical phenomenon and infer similar observations to other comparable jurisdictions.

To build the case narratives, information was drawn from various sources such as journal articles, local and international news articles, public agency websites, published and unpublished policy documents, reports from social service organizations, and law and statutory documents. The incorporation of various information sources enabled the triangulation of data for verification and cross-validation to achieve credibility and trustworthiness in data collection (13). We built the case study by, first, identifying and extrapolating the emerging themes in our data, thus anchoring the conceptual framework. These emerging themes were later delineated and strengthened using the thematic analysis approach, through line-by-line reading and coding of our interview notes and secondary data files (14). During this process, we also incorporated explanation-building and pattern-matching techniques of the case study method to ensure consistency of the accounts and the information within the themes (12).



RESULTS


Case Description: The Expansion of Assisted Living as a Model for Long-Term Care in Singapore

Situated in the middle of the spectrum of long-term care services—between aging at home and aging in institutions such as nursing homes—ALFs aim to provide a comprehensive range of long-term care services to older people who are physically and mentally functioning to a certain extent, and would like to access social care without being admitted to a nursing home. Assisted living espouses the core concepts of healthy aging, social care, and connection to the community. These core concepts are supplemented with the ethos of assisting older people to conduct most of the activities in daily lives themselves by encouraging normalcy, promoting a certain level of independence, and preserving dignity and personal autonomy. Through promoting normalization and encouraging mutual support among the residents, assisted living aims to delay institutionalization and future-proof the care needs of older people (15).

In Singapore, ALF took root slightly earlier in the private sector than in the public sector. The first private ALF started operation in Singapore in 2015, whereas the public assisted living units known as the Community Care Apartments were launched by the Housing Development Board (HDB) in December 2020. Three tenancy models—the hospitality model, the hybrid model, and the home model—were proposed for the private ALF sphere. The hospitality model provides higher-end services that incorporate lifestyle and leisure services; the hybrid model provides residential, basic social care services, and some add-on non-essential services; the home model provides residential and basic social care services (16). The hospitality and hybrid models can be designed as independent living at purpose-built or refurnished facilities such as condominiums, while the home model is best operated in refurbished private homes (16). The public ALFs were constructed in the form of public housing flats known as Community Care Apartments. The first public ALFs, known as the pilot Community Care Apartments, were launched in Bukit Batok in February 2021 for seniors aged 65 and above. A total of 160 apartment units were launched under the Build-To-Order exercise (a public housing scheme that allows buyers the flexibility of selecting the location and type of flat desired and knowing upfront when their down-payment is expected) by the HDB and will be fully built to house senior residents from 2024 onwards (17).

Different funding modes have been proposed for the public and private ALFs in Singapore. Operated and constructed by the Ministry of Health Holdings Vanguard Health, the public ALFs are currently sold as leases to prospective residents who are at least 65 years old with an average gross monthly income lower than S$14,000. Prospective tenants are given the flexibility to purchase leases ranging from 15 to 35 years (in 5-year increments), as long as the leases cover the applicants and their spouses up to the age of 95. The prices of these leases, which include the flat price and a basic service package throughout the period of the lease, range from S$67,000 to 107,000. This sum of money is partially refunded if the residents do not live through their whole original lease period or if they return the flat to HDB (17). The purchase of the ALF leases is fundamentally based on the assumption that older people can liquidate their existing housing assets, whether public or private, to purchase these leases, which can see them through the “silver years” of their lives.

In the private sphere, the proposed funding models are somewhat different. While the mainstream model is the monthly rental model, there has been a proposal to implement two other types of funding model: the membership fee structure model and the reverse mortgage model. The monthly rental payment model, priced at approximately S$3,500 per month, includes a monthly rent, monthly care fees (with different tiers of care depending on the care needs of individuals, based on the nurse's assessment), and other consumable items. The membership fee structure model encompasses an upfront early purchase price, which is a confirmative freehold or leasehold payment for a unit prior to moving in; this purchase signifies their “membership.” Subsequently, the member would need to pay for the services through a monthly service fee. Finally, the deferred management fee is payable only when the resident leaves the community. The reverse mortgage model is a flexible loan model which allows residents to post their properties as collaterals while living in their properties. No loan repayment is required for this model till the homeowner passes away, sells the property, or moves out. Individuals could fund their care in private ALFs either through their personal savings, contributions from the family, public and/or private annuities, or through the liquidation of their existing housing assets (16).



Case Analysis
 
The Development of Micro-Level Regulations

There have been separate criteria developed for resident selection and staff requirements for public and private ALFs.

Residents in public and private ALFs are admitted based on specific assessment criteria. In the public ALFs, the applicants for the Community Care Apartments are able to opt for priority or non-priority schemes. Preference is given to older people who need more assistance in activities of daily living (ADL) under the priority schemes. The current functional status assessment framework (for other publicly funded community care assistance schemes) is applied for applicants (18). Essentially, there is a combination of older people who possess different levels of functional capabilities if they are assessed to be fit for living in the Community Care Apartments (18). In the private ALFs, a policy guide has been developed to admit residents who require partial ADL or who require instrumental activities of daily living (IADL). Apart from the standard admission criteria, they are assessed for hearing, vision, and cognitive function, based on a minimal mental state examination. Regular health assessments (at least once a year) have also been proposed for the private ALF residents (16).

In terms of staff requirement, the public ALFs or the Community Care Apartments have on-site community managers who assist the residents by linking up the necessary services and resources according to their needs, organizing community activities to engage the residents, and managing simple household tasks for the residents. There are also additional care staff who work in shifts. They monitor the safety of the residents on a 24-h basis and conduct social programmes for the residents. These staff are hired by the future operators of the Community Care Apartments. As for the private ALFs, it is proposed that the core team of the care staff should comprise a caregiver manager, caregivers, and other specialized staff, such as nurses, medical social workers, therapists, dietitians, cooks, and transport staff, who cater to the specific needs of the residents (17).



The Development of Meso-Level Regulations

In terms of operational management, similar approaches have been proposed for both public and private ALFs. For public ALFs, the on-site community manager and care staffs are the main respondents to the residents' needs. When anomalies are detected, the management team flag these to the various professionals in the health and long-term care services contracted by the operators. In the private ALFs, the roles stipulated for the caregiver managers is akin to the community managers in the public ALFs, albeit with slightly more comprehensive responsibilities. These responsibilities include, are but not limited to, managing the admission of the residents, preparing the caregiver roster, ensuring infection control, providing emergency response, overseeing all activities of the residents, managing volunteers, and supervising the caregiver team (16).

In terms of service provisions, the public ALFs offer a basic service package and additional services that can be supplemented based on the residents' needs. The basic service package entails arranging for a wide range of care and support services, simple home fixes, communal activities at the community spaces, basic health checks, 24-h emergency response, and key card access to individual flats (17). As for the private ALFs, the services, depending on the fee structures, typically include basic care and health services (24-h basic and first-aid care, on-demand care services when residents activate them, assistance with ADLs and IADLs when necessary, medication management, and regular health checks and monitoring), dining services, and other social activities and programmes, such as fitness exercises, food outings, hobby activities, and pastoral care (16).

To ensure ALF staff are competent to manage the residents' needs, it has been proposed that the ideal staff member–resident ratio is between 1:8 and 1:10. In addition, initial and specific training to care for residents with special care needs, such as cognitive impairment, hearing impairment, visual impairment, mobility issues, and mental health issues, has been proposed as prerequisites for the care staff in private ALFs. The modules for initial training should include areas such as: (i) managing the expectations of residents in terms of the services provided; (ii) reporting requirements; (iii) general infection control and policies for the residents; (iv) emergency preparedness; and (v) preventing the potential abuse, neglect, or exploitation of the residents. Even though no minimum educational qualification is required, it is stated that all care staff in private ALFs should be suitably qualified, preferably with specific training in dementia and ALF management skills; they should also have accreditation with the appropriate government agencies (16). As of January 2022, the stipulations for training requirements for staff and staff–resident ratios in public ALFs are still being developed.

In addition to the standard service provision, it is also important for ALFs to protect their residents during emergency situations. This is especially critical during disease outbreaks as residents in the long-term care setting are highly vulnerable to infections due to their declining health and the communal living, which necessitates space-sharing. In general, all the long-term care providers in Singapore are overseen by the Ministry of Health and the Agency for Integrated Care. At the beginning of the Covid-19 outbreak in 2020, these two organizations outlined a set of safe management strategies for nursing homes, day-care centers, and ALFs in Singapore. Several key precautionary measures were implemented: (i) the suspension of large-scale senior-centric gatherings; (ii) strict adherence to the personal protective equipment usage guidelines for staff, volunteers, visitors, and seniors; (iii) mandated entry approvals for all returning foreign care workers; (iv) enhanced safe distancing guidelines through split zones and movement control; and (v) the provision by operators of alternate housing for on-site staff displaying Covid-19 symptoms (19).



The Development of Macro-Level Regulations

In terms of infrastructure design, the public ALFs have specific designs which enable older people to live independently. They include constructing senior-friendly fittings, such as grab bars, wheelchair-accessible bathrooms, slip-resistant flooring, built-in wardrobes, cabinets, furnished kitchens, and a sliding door that enables the residents to partition their living room and bedroom spaces based on their preferences. Aside from individual units, a communal space is included in each floor for the residents to establish social connections and build their social networks. In addition, basic amenities, such as retail, leisure, healthcare, and public transport, are within reach. Underneath these Community Care Apartments, there are other amenities that have been designed to promote assisted living, such as a precinct pavilion, a strolling path, a fitness station, a community garden, and a hawker centre (17).

The private ALFs are also designed to enable older people to have their designated private space and a common space where they can mingle with other residents. The private space includes their bedrooms, which are furnished with senior-friendly fittings and furniture, and non-slip surfaces for in-suite bathrooms. The common spaces include kitchen and dining amenities that allow them to dine either independently or with assistance, and other common areas that enable them to engage with various indoor and outdoor activities. Ideally, the surrounding public spaces, such as public parks, supermarkets, grocery stalls, food centers, and salons, should also be close to the ALFs and be easily accessible (16).

In terms of infrastructure capacity, land scarcity remains an ongoing issue for Singapore. In long-term care provisions, the government continues to grapple with this issue when confronted with questions pertaining to replicating public ALFs in most neighborhoods and communities in the future. It is important that the construction of these ALFs should be close to other health and other long-term care facilities to facilitate care transitions. Furthermore, to preserve the spirit of aging-in-place without having to move older people out from their familiar communities, public ALFs will have to be constructed effectively and sustainably in the face of competing developmental priorities for the allocation of public land.

A comprehensive instrument for care quality assessment in ALF has yet to be developed. While it is envisioned that ALF will serve the care needs of a large segment of seniors who are partially independent, assisted living could potentially be stretched across a wider continuum of long-term care services to include care for individuals in the end stage of their lives as well.

Since September 2021, Singapore has phased in the implementation of the Health Care Services Act as a legislative measure to broaden the regulatory scope for the existing Health Care Services Bill. The purpose is to introduce services-based licensing for different health services (including long-term care), strengthen quality assurance, and step up the safeguards for residential care services (20). For instance, a new requirement for Service Review Committee will be instituted for selected services and programmes that are deemed higher risk, more complex, and of public interest to govern the quality of all services falling under the purview of the Health Care Services Act (21) (see Table 1 for the summary of the development of micro-, meso- and macro-level regulations of ALF in Singapore).


Table 1. Regulatory development of assisted living in Singapore.
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The analysis above shows that there remain gaps in the meso- and macro-level regulations in the assisted living space in long-term care provision. Below, this paper discusses policy implications of these findings and suggests policy recommendations for countries that are racing against time to address care issues for a gradually rising graying population.





DISCUSSION

The introduction of ALFs in Singapore is an opportunity to broaden the discussion on the options of long-term care for senior citizens in the future. Despite inheriting a Western influence in its political institutions, Singapore remains very much a collectivist society at its cultural core. In the past few decades, it has espoused a largely Confucianism-influenced filial piety value system in terms of caring for the older generation (22, 23). This care philosophy implies that informal care rendered by family members is perceived as the first line of defense in deciding care options; this is in line with the government's narrative of “family first” (24). This value likely explains why Singapore has been limited in terms of care options in the past, and why the engagement of foreign domestic helpers remain a mainstream choice for many families to date (25, 26). With the changing demographic patterns, informal caregiving is unlikely to be viable for most families in the future. Studies from fast aging countries such as Japan and China have also suggested that depending on informal care only without strengthening formal care provision posed negative social consequences to both the carers and older people and is unlikely to be a tenable long-term approach (27, 28). A study in Singapore showed that many informal caregivers without social and institutional support demonstrated symptoms of depression (29). Furthermore, many older people from the post-war baby boomer generation will likely prefer to exercise more autonomy and self-efficacy in deciding their care arrangements. A recent qualitative study on the baby boomer generation in Singapore reported that this generation tends to value productive aging by pursuing lifelong learning and contributing actively to their families and society, instead of being confined within conventional aging roles (30). In lieu of this shifting preference and changing socio-cultural views on aging, the demand for independent living and assisted living will likely increase in Singapore.

The expansion of both public and private ALFs is a positive measure that would hopefully result in the diversification of long-term care services and the broadening of the long-term care continuum. For a rapidly aging country such as Singapore, the expansion of ALFs is an important mechanism that could help the government to promote aging-in-place and cost savings, while easing the bed crunch in care institutions such as nursing homes. The expansion of assisted living and the strengthening of family support for older people may not be mutually exclusive, as studies conducted in the US have shown that family involvement in assisted living was commonplace and resulted in high satisfaction levels among the residents (31, 32).

As ALFs continue to expand, they will have inevitably to confront a longstanding human resource issue: the shortage of locally trained care workers. Care workers are generally not perceived as desirable jobs due to the inherent stigma and low occupational status associated with the long-term care sector (33, 34). A demanding schedule, limited job prospects, and low pay are other factors that make care work a less appealing career in Singapore (33). Based on a past commissioned study, the long-term care workforce requires an ~130% increase in manpower by 2030 to adequately serve the care needs of older people (34). However, the manpower supply in long-term care has not been increasing proportionately with the demand resulted from an aging population.

Beyond this, there is a need to strengthen processes and institutions governing the assessment of care quality and operations of ALFs. The development of ALFs is just starting in Singapore, and there is currently a lack of a clear monitoring framework and care assessment instrument, factors important for operational audit and authorization. Apart from this, there needs to be a clearer stipulation of the staff–resident ratio for public and private ALFs. While the private ALF has proposed a 1:8 to 1:10 ratio (16), this is unlikely to be tenable in the public ALF model. Furthermore, the limitations on mobilizing night-care workers to effectively monitor the safety of the residents will pose a challenge.

One of the major challenges of expanding assisted living in Singapore is the lack of specificities in its overall governance. While the Health Care Services Act will be implemented in phases from 2021 to 2023, and will ultimately include the regulations for long-term care services, there is currently a lack of explicit soft laws in the form of an interim policy guidelines to address a multitude of issues that would arise in the operations of ALFs, such as land use, fire safety, development planning, and care provisions. Several regulatory questions revolving around issues of planning and development, including increasing the supply-side readiness of the ALFs, require substantial deliberation and planning. For instance, should some commercial land be converted and earmarked for the construction of more long-term care facilities, particularly for ALFs, in the future? How could fire safety and different housing types be designed and planned to serve the different market demands—from lower- and middle-class, to the premium end—for the ALFs? How should different incentives be introduced to boost the supply-side readiness of ALFs in terms of encouraging more private participation or public–private partnerships, and how should novel technologies be deployed in ALFs to enhance operations? These are operationally intricate issues that require an inter-governmental effort and multidisciplinary thinking to prepare for. New regulations need to be piloted to resolve the regulatory ambiguities.

Moving forward, the attitudes toward and preferences for assisted living as a mainstream model of long-term care, plus the willingness to pay for it, will need to be gauged. In addition, quality of life, the depth of social network and social capital of the residents in the ALFs can be accessed early on to determine the effectiveness of assisted living for the older population before they are scaled up nationally in the future. These agendas could be incorporated as the immediate next steps for future research directions. These examinations could be commissioned by either the public agencies or think tanks through population-based surveys and focus group discussions, so that direct insights can be gleaned from the general population to feed back to policy decisions.

Based on Singapore's experience in expanding assisted living as a mainstream long-term care option for a rapidly aging population and the regulatory gaps that have been identified, we offer five recommendations below for countries preparing to chart new territory in long-term care provision (see Table 2 for the summary of policy recommendations).


Table 2. Policy recommendations to strengthen the governance of ALFs.
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(i) Set Out Clear Provisions on Care Quality Assessment and the Redress of Grievance for Assisted Living

While a movement to establish good practices and uphold quality assurance exists among private ALF providers in Singapore, and evaluations for the medium-term and long-term assessment of assisted living have been planned by the government, there is a need for regulations to address several areas that are still imbued with ambiguity. For instance, licensure, the stipulation of an acceptable ratio between care staff and residents, the minimum qualifications for various staff members, including care workers and administrative workers, and the governance of liability in ALFs are areas that need more clarity. To this end, there is merit to develop a care quality assessment tool that could enable regulators to audit the providers routinely, as ALFs in North America have done (11). In addition, a public commission or a formal grievance mechanism that allows cases of abuse, neglect, and exploitation of long-term care facilities residents and other grave issues to be highlighted should also be considered. The establishment of an “Elderly Ombudsman Agency” could address cases of aggression and abuse that affect the senior citizens, especially in the long-term care facilities (35).



(ii) Establish a Minimum Standard of Care for Assisted Living

A minimum standard of care for older people in the long-term care facilities is currently not defined in Singapore. While efforts are underway to establish formal legislations for long-term care, policy guidelines that stipulate the components that constitute a minimum level of care that older people should be provided with are currently lacking in Singapore. Inspiration could potentially be drawn from North American jurisdictions to define the minimum standard of care for ALFs, based on their licensure types. In the US, most states required ALFs to provide certain essential services. ALFs are required to provide 24-h staff, housekeeping, at least two meals a day, assistance with at least two ADLs, and medication administration (36).



(iii) Develop Differential Regulations for Assisted Living

The proposal to establish different models of ALFs signals that there will be a need for differential regulations for assisted living in the future. A study in the US reported that licensure type did affect policies and practices in assisted living (37). In principle, a purpose-built ALF would be regulated differently from an ALF which is modified and retrofitted from an existing building. The range of service provisions could also differ depending on whether an ALF caters to older population with only limited functional decline or an older population with higher care needs.



(iv) Put in Place a Routine Care Assessment for ALF Residents to Promote Dynamism in Care Provision

There is also a need to establish a routine care assessment for older people after they are admitted to the ALFs. This routine care assessment will be important in planning for and allocating health and long-term care resources, so that they are better targeted and more comprehensive. For instance, the Japanese government has promoted the use of the “Kihon” checklist as a tool to screen for frailty and to identify older people with a high risk of disability, as well as to align their needs to various prevention programmes in each community to strengthen community-level care and delay institutionalisations (38). It is important to note that the long-term care trajectory for some older adults may not resemble a linear pathway, with their health trajectories more gradual at certain junctures and sharper at other intervals (39). A routine care assessment for assisted living residents should therefore promote more dynamism in care provision by establishing the best form of care that should be rendered to residents in long-term care facilities, including assisted living, at different junctures.



(v) Apply Technology in ALFs

In view of the shortage of care workers, which is exacerbated by the ongoing Covid-19 pandemic, the long-term care industry, including assisted living, will benefit from the implementation of novel technologies to facilitate operations in the facilities, care surveillance, and service delivery (40). In recent years, robotics and autonomous systems that use social care robots, robotic pets, robotic coaches, and smart home surveillance system have gradually been adopted to assist care workers and caregivers to enhance the care process at home, in the community, and in the institutions (41, 42). However, there are technological risks and ethical issues associated with their deployment which include safety, data security and privacy, liability, autonomy, social connectedness, infantilisation, deception and social justice issues (42). Regulating these novel technologies should warrant as much attention as regulating new models of long-term care. While these cutting-edge technologies are not able to replace care workers, they can be complementary tools deployed to free up time spent on manual tasks, so that they can deliver more personalized care to the residents.

Despite the nascent development of assisted living in Singapore, regulations are taking shape. While certain provisions, such as operational management, monitoring framework, and stipulations of training requirements for staff, need more clarity, overall, most of the regulatory components at the micro-, meso-, and macro-levels are progressing. This paper fills a significant knowledge gap in terms of the governance and regulations of assisted living in the long-term care literature. Forecasting the care needs for the population is crucial as most countries across the world will have to confront the issue of aging populations in the years or decades to come. The insights gleaned from this case study could provide policy lessons for countries aiming to expand assisted living as a policy response to diversify long-term care options for senior citizens. These lessons will allow countries or cities exploring the expansion of assisted living as a care option to reflect on some of the regulatory challenges involved, and to make short-, medium-, and long-term plans to integrate assisted living into the entire care ecosystem provided for the older populations.
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A robust multi-dimensional disability assessment standard was constructed to consider physical condition, care resources, and social interaction that might lead to disability, to provide a basis for accurate identification of care needs for older people aged 60 and above in a home-based community. Based on the “Capability approach” theory, the Alkire-Foster method was applied to assess the multidimensional disability. This was followed by the confirmatory analysis of the Seemingly Unrelated Regression Estimation. Adjusted Bourguignon and Chakravarty index was also calculated to analyze the sensitivity to further support our conclusions. We constructed a multi-dimensional disability indicator system by combining physical condition, care resources, and social interaction. Findings presented that the impairment of individuals' motor ability, ability to manage disease, cognitive psychology, and communication skills and social interaction contributed to multidimensional disability the most. And older people who are female, aged over 65, with lower BMI, living in rural areas, with a lower education level, getting more formal care, and with relatively higher creatinine, tend to face a higher risk of deprivation in overall multidimensional disability. Therefore, the targeted interventions to improve health literacy, nutrition, skill of disease management, social networks, and communication skills for older people and also timely detection of the abnormal changes in potential biomarker indicators of them is necessary to delay disability and prevent its occurrence.

Keywords: disability, indicator system, Seemingly Unrelated Regression, Alkire and Foster approach, home-based care


INTRODUCTION

Disability in older people is a common problem and in most cases these disabilities are chronic conditions (1). The prevalence of disability varies among studies, depending on the criteria used, but generally increases with advancing age (2–4). According to a report from the World Health Organization (WHO) and the World Bank, over 1 billion people live with a form of disability (5). Likewise, these figures in China are estimated to increase with the aging of the population, with advanced aged and disability becoming a severe social problem (6). In 2021, the proportion of the population aged 60 years and older reached 0.26 billion (7), and is projected to reach 0.48 billion by 2025, with approximately 20% of disabled older adults (8). As the population ages and the family supporting function weakens, disability is becoming an increasingly important concept because of its adverse effects on health outcomes, health care costs, and quality of life (9). Furthermore, disability is a better predictor of adverse events in older adults, more predictive than multimorbidity or polypharmacy (10, 11), and thus should be looked at first for different disease approaches in older adult populations. Hence, the measurement of disability plays an increasingly important role in public health and research on the community home-based aging population.

It is clear that health measurements must be based on a specific conceptual framework; thus, the concept of disability must be clearly defined. The definition of disability differs according to what model of disability is considered. There are three relevant models-the medical, the social model, and the International Classification of Functioning, Disability and Health (ICF)- that lead to different conceptual frameworks of disability (12–14).

Indeed, the conceptual framework underlying the identification of what disability entails and its measurement has implications for the estimation of prevalence and research. The medical model conceived within the perspective of disability will focus on disadvantages of the individual considered as resulting from his/her impairment (15). In this model, the measurement of prevalence is based on evaluation of the number of persons within a series of categories of impairments, which are considered as limitations in health condition, across a range of basic functions and structures of the body. Within the social model, disability is considered to result from barriers erected by society that prevent the full participation in social and economic life (16). This model will not only focus on impairment but will include the identification of barriers within the social environment that create the disabling situation. In addition, the WHO developed ICF, which defines and measures disability as impairments in body function or structure (such as vision loss), that results in activity limitations (for instance difficulties in driving a car), and in restriction in individual participation in the context of their daily life (driving to work for instance) (17). According to the ICF, current research measured using a multidimensional approach in terms of disability, including self-care [activities of daily living (ADL) and instrumental activities of daily living (IADL)] (18), mobility (19), hearing (20), vision (21), cognitive function (19), pathology (20), blood chemistry (22), and disease status (22), frailty (23). However, all the three models presented above do not allow for in-depth considerations of personal factors, available resources, or social networks (24, 25).

We argue that most studies focus on certain factors, but without considering psychological indicators, individual situation, the ability of disease management, social behavior, care sources, and other important multidimensional disability indicators. In addition, there are factors that allow individuals to convert resources into capabilities. Those conversion factors could be internal and external. The internal conversion factors refer to physical conditions and personalities, which can reflect individual functioning. The external conversion factors included social and/or environmental characteristics (26). Over the last decade, however, there have been major steps taken to reconcile the various approaches by looking at the situation of individual interaction, collective resources, and disabling condition that may lead to individual impairment and a social disability.

The framework of Capability approach, elaborated by Amartya Sen and others, goes beyond such models, with the concept of disability being closely associated with deprivation of capabilities through the means of various personal characteristics, which included individual damage, available resources, and environmental conditions (27, 28). On the basis of such work, we made efforts to improve and standardize the measurement of disability in population-based surveys taken from the Capability approach. The use of the capability approach is rather an innovative way of assessing disabling situations (29).

In terms of methodological research, current studies on multidimensional capability deprivation focuses on poverty, and the assessment of multidimensional poverty content and methods have been relatively well developed and widely used (30). According to Amartya Sen's “approach capability” theoretical framework, poverty and disability have commonalities in multidimensional calculations and measurements, and both can be considered as a consequence of multidimensional capability deprivation. Therefore, this paper mainly draws on multidimensional poverty assessment methods for disability. There are widely used methods for measuring multidimensional poverty including the factor analysis and cluster analysis (31), the axiomatic approach (32), the information theory approach (33), multiplicative FGT index and the classes of indices (34), and AF methods (35). Among them, the AF method, also known as the “double limit method,” was based on Amartya Sen's “capability poverty theory” and was developed by Alkire and Foster, and that lead to the construction and decomposition of the multidimensional poverty index (36). Alkire and Foster designed the multidimensional poverty measures, which has been applied in practice, and their scientific validity was demonstrated in monitoring poverty, focusing on poor people, and coordinating poverty reduction efforts in the real world (37). The AF method is a multidimensional poverty measurement method adopted by the United Nations Development Programme (UNDP). It is widely used in poverty studies around the world since Dhongde and Haveman have adjusted the dimensions of poverty deprivation and indicator thresholds (38–40).

Dhongde and Xu argued that most researchers have some controversial assumptions in the process of calculating multidimensional deprivation measurement (41). It is usually assumed that each of the attributes or dimensions under consideration is cardinally measurable along a real interval. In fact, in studies measuring various types of material deprivation (i.e., material deprivation index), there are difficulties such as unavailability or difficulty in collecting expenditure data, and only binary information can be relied on to assess poverty deprivation (42). In addition, when assessing health status, information can be obtained by measuring indicator dimensions such as weight, frequency of illness, blood pressure, blood glucose, and cholesterol levels. However, it is extremely difficult to provide a cardinal measurement of an individual's frailty and disability, since cardinal measurements are demanding and its data are difficult to obtain. Moreover, the important feature of the variables for poverty assessments is that they are discrete in nature and the attributes of these different types of dimensions do not exist separately and can be alternated. Thus, poverty measures based on continuous variables are not suitable in this setting and the assumption of a discrete domain is mandatory (43). With respect to the individual deprivation dimension hypothesis, for each attribute or dimension, two levels of deprivation are mostly used: the individual dimension is deprived (dimensional assignment of 1) or not deprived (assignment of 0) (44). Although this binary, ordered measure of individual deprivation across dimensions is not as informative as an ordered measure involving more than two deprivations, there is a broad consensus on the information it yields. The United Nations Multidimensional Poverty Index (UNMPI), published annually for more than 100 countries, makes use of information from binary variables. Indeed, binary variables are central to the counting methodology (45).

Using this simple binary measurement for each attribute of individual deprivation, we derive the overall multidimensional deprivation of an individual to be a weighted average deprivation attribute with increased functionality (41). This creates a discontinuity in the measurement of poverty that may penalize welfare equality policies and development processes. This situation is inevitably exacerbated when multidimensional discontinuities are introduced across multiple dimensions. This source can be corrected by using the more general MPI found in AF indices. For example, when α > 0, the AF exponent is implied. In addition, it seems some attributes of fundamental importance for individuals' health should be differentiated from other attributes of less importance (46). In this regard, an increase from 0 to l deprivation in terms of an attribute of the former type cannot be offset by a decrease from 1 to 0 in deprivation in other types of attributes. Under such a premise, there is no notion of a slight increase in personal deprivation in attributes. This indicates that the MPI might fail to meet the properties that one would expect multidimensional poverty indices to obey: continuity and monotonicity. However, robustness techniques and sensitivity can be used to address some of the shortcomings of the use of such indices (47).

Given this, Bourguignon and Chakravarty proposed an adjusted multidimensional poverty index (32). The following two features are included: (1) individuals should be considered poor if they cannot meet the basic level in at least one of the poverty-related dimensions; (2) individuals with the same level of poverty in some dimensions but with different degree of insufficiency in other aspects should be different. Based on these premises, an adjusted poverty index, called BCa index, was widely applied to measure poverty in the OECD countries (48).

In this paper, literature analysis and Alkire-Foster method were used to explore the scope of the overall older capacities to perform a multi-dimensional disability evaluation index system applicable to a home-based community in China. And also, a confirmatory analysis was conducted by the Seemingly Unrelated Regression Estimation and adjusted Bourguignon and Chakravarty index (BCa). The establishment of the multidimensional disability index system contributes to the formation of a standardized national assessment operation process (SOP) for the disabled older adults in a home-based community, and the standardization and equity of the national implementation. According to the multi-dimensional disability status of older adults, we can match the corresponding care level for training the professional nursing staff, which is helpful for the rational allocation of long-term care resources for the disabled older population, and eventually provide a basis for improving the long-term care system for disabled older adults.



METHODS


Study Population

We used data from the first wave of the China Health and Retirement Longitudinal Study (CHARLS) (49). The CHARLS is a population-based cohort study among adults aged 45 and older from 28 provinces and municipalities of China. Details on the methods and sampling have been published previously (50). Within a total sample size of 17,708 participants aged 45 and older from the 2011 baseline data, a sum of 9,940 individuals (aged less than 60) and 1,776 individuals (with missing variables, incomplete information, and living in institutionalized care) were excluded. The final sample of 5,992 individuals aged 60 years and older living in a home community was included in the study. Based on data availability, relevant indicators, and dimensions from systematic literature analysis, our conceptual framework of disability of older adults was defined in terms of three aspects of individuals, resources, and society, and mainly covers issues on sociodemographic characteristics, family, behavior, cognitive, psychological, environmental, and biological factors that affect health and longevity:

(1) Sociodemographic characteristics: age, sex, place of residence (urban or rural), marital status, per-capital annual household income, educational level.

(2) Daily behavior: social activities, motor competence.

(3) Health behavior: sleep duration, formal (paid) and informal (unpaid) care.

(4) Biological factors: blood pressure, BMI, white blood cell count, platelet count, blood creatinine, glycosylated hemoglobin, total cholesterol.

(5) Multidimensional disability related variables.



Defining the Multi-Dimensional Disability

(1) Construct multi-dimensional Disability Index (MDI)

A-F method was used to construct MDI; the matrix X = [xij] defines the n×m dimension of ith individuals across j variables, which was set to reflect the deprivation of individuals, where n represents the total number of individuals and m represents the total number of dimensions. The first step is to identify the multidimensional disability of individuals:

[image: image]

In formula (1), under dimension j, the weight was defined as ωj (ωj>0), which is the weight vector of (1 × j). zj represented the first critical value of the set indicator m and z is the disability threshold vector of (1 × j). If the individual's dimension of deprivation xij>zj, then [image: image], otherwise [image: image], g' represented the deprivation matrix of (n×d). That is, [image: image] (α = 0) was used to determine whether individual i is deprived under dimension j: deprived (g = 1), and Non-deprived (g = 0).

The second step is to determine whether the individual is in a multidimensional state of disability by assuming that the individual i has a deprivation score of all dimensions [image: image] given the critical value k (the second critical value) and the disability recognition function for individual i: ρk(Xi, Z). Specifically: individual i was defined as disabled when ci>k, ρk(Xi, Z) = 1; while non-disability if ci<k, ρk(Xi, Z) = 0.

All individuals n in multidimensional disability could be recognized via the two steps above; the prevalence of multidimensional disability is expressed as [image: image], where q is the total of multidimensional disability. However, considering H is insensitive to the changes of disability dimensions, corrections for deprived of matrix were performed by individual recognition function ρk(Xi, Z), yielding [image: image], and Modified deprivation score [image: image]Corrected incidence of disability (Mα) was calculated from the equation:
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In estimating a multidimensional disability index using A-F framework, the disability rate (H) was multiplied with the average intensity of disability deprivation (A), the fomula:M0 = H×A reflects the proportion of the total number of deprivation dimensions experienced by all individuals to the total number of dimensions.

(2) Multidimensional decomposition

The multidimensional disability index constructed using the A-F method had decomposability and subgroup decomposability. P(α, X.zj) defines the disability decomposition across j variables, combined with equation (2), the disability index of each dimension and the contribution rate of each indicator to multidimensional disability can be calculated:

[image: image]

[image: image]

(3) Bourguignon and Chakravarty bidimensional index (BCa)

A new multidimensional poverty index, called Adjusted Bourguignon Chakravarty index, BCa, allows for adjustments by the attributes of disabled people who do not fall below the corresponding threshold level, without changing the identification of an individual as disability. Compared to other methods, the strength and the mechanism of this can be seen in Supplementary Table S2. The indexes were calculated by stata version 16.0 DASP package “imdp_bci.”



Variables

The scope of the overall older capacities deprivation was calculated to construct a multi-dimensional disability evaluation index system applicable to the home-based community of China. There were three aspects (individuals, resources, and society) in terms of those indexes: individual level including self-care, motor ability, ability of processing diseases, cognitive mental status, and communication skills, and medical conditions. Self-care disability was defined when there existed at least one index negative, where the score indicated reduced ability to perform ADL, IALD, and frailty. Motor ability included balance, falls, postural transition, arm stretching, and mobility, while this capability impairment was evaluated by failing to complete one of them. Older people who sought medical treatment, exceptional treatment, or used assistive device, never adopt self-treatment as a loss in the ability of processing disease. Cognitive mental status and communication skills were experience-dependent, and encompasses cognition, memory, vision, hearing, sadness and depression condition, as this ability impairment was defined to exist with at least one declined capability. Among them, depression was measured by the Center for Epidemiologic Studies Depression Scale (CES-D) (51). The measurement of medical condition was derived from medical records where chronic diseases and physical disability are registered. Care resources constituted of access to caregivers and living arrangement. Older people who lived alone and far away from their children or lacked caregivers were defined as sources of care deficiency. Home settings as an environmental characteristic could be converted into capabilities, while disability of it was defined according to accessibility. Social interactions impairment results in activity limitations like restriction in interacting with friends, joining community clubs and community-related organizations, and failure to help friends. A summary statistic of the variables applied for this study are presented in Supplementary Table S1.



Deprivation

The dependent variable is in each deprivation dimension of older people, and the independent variables are the influencing factors of the multidimensional disability. OLS model was adopted to analyze the factors affecting overall dimensional disability. However, the eight regression equations influenced by basic characteristics were constructed by:

(Multi_daily = X1Y1+ε1; Multi_sports = X2Y2+

ε2;Multi_dealing = X3Y3+ε3; Multi_cognition = X4Y4+ε4;Multi_disease = X5Y5+

ε5; Multi_resources = X6Y6+ε6; Multi_living = X7Y7 + ε7; Multi_interaction =

X8Y8 + ε8), regression equations above were superimposed to a Seemingly Unrelated Regression Estimation, SURE.



Statistical Analysis

Statistical data processing was performed using stata version 16.0. A list of multidimension disability indexes was generated from literature review and panel discussion. These were initially classified into 3-level indexes including eight dimensions and 29 indexes. Each of the indexes was used to construct an MDI system by A-F method. Seemingly Unrelated Regression Estimation (SURE) was applied to analyze the influencing factors of deprivation of 8 dimensions in stata version 16.0.




RESULTS


Constructed a Multi-Dimensional Disability Index for Home-Based Community Older Adults
 
Measurement of Disability in Each Dimension and Index

We first analyzed the disability of each index and dimension. Table 1 showed that 21 indexes had a greater than 20% disability prevalence, of which ADLs limited accounted for 23.78%, while IADLs limited prevalence was 5% higher than it. This results from the higher severity of dysfunction than ADLs, like the ability to take public transportation. However, the results also suggested that 29.47% of unattended older adults are more likely to have dysfunction. It is urgent to increase social and family support among this older population by strengthening existing long-term care (LTC) and social service decisions or creating new ones.


Table 1. Dimensions and indicators of the multidimensional disability and its cut-off.

[image: Table 1]



The Evaluation of MDI

The multidimensional disability rate under different k values (k = 1, 2, …, 8), were shown in Figure 1 and Table 2. Older adults with disability accounted for 56.54% when k is equal to 1, while at k = 2, there presented 54.99% of older adults who had two or more dimensions of disability, and their multidimensional disability indexes were similar, indicating that most older adults had multidimensional disability. When k = 6, the proportion of multi-dimensional disability in older adults was 21.23%, which was close to the international common understanding that disability was the loss of functions such as bathing and toilet. The proportion of older adults with multidimensional disability was 7.52% when k = 7, and only 1.29% of older adults had eight dimensions of disability. Therefore, almost all of older people have 2 ~ 6 dimensions of disability, indicating that there are certain limitations of using ADL scale only to estimate disability.


[image: Figure 1]
FIGURE 1. H and M0 occupancy relationship. H, disability rate; M0, multidimensional disability rate.



Table 2. M0 value at different dimensions.

[image: Table 2]



Analysis of Dimension Contribution Rate

Table 3 presented MDI that was applied to measure the contribution of each dimension to disability through data decomposition. Different dimensions(k = 1,2,…,8)for disability contribution are shown in Supplementary Figure S1. Results showed that 56.32% of the disabled population had two or more dimensions of impairment when k = 2. By decomposition, social interactions (19.12%), cognitive mental status and communication (16.91%), motor ability (16.01%), and ability of processing diseases (14.45%) had the highest contribution to disability, which was consistent with the value of dimension k (k = 3, 4, 5, 6, 7, 8).


Table 3. The contribution of multidimensional disability indexes (M0).

[image: Table 3]



Comparison of Contribution Rate Among Gender, Age, and Living Places

Older people living in home-based communities, who were female, living in rural areas, and older than 65 years have higher multidimensional disability contributions (shown in Tables 4–6).


Table 4. Multidimensional disability index (M0) and contribution rate were broken down by gender under different k values.

[image: Table 4]


Table 5. Multidimensional disability index (M0) and contribution rate under different k values were broken down by age.

[image: Table 5]


Table 6. Multidimensional disability index (M0) and contribution rate under different k values were broken down by urban and rural areas.

[image: Table 6]



Robustness Analysis Through Threshold Adjustment

Indicator threshold was used to measure the degree of deprivation of specific indicators of each disabled individual. If any small change in threshold will lead to a large change in multidimensional disability index, the selection of indicators and thresholds should be further checked (52). In order to test the sensitivity of MDI constructed by A-F method, the paper redefines the index threshold, and defines each failure index under a more strict condition while the dimensional threshold remains unchanged. That is, the failure of this indicator was defined as the highest level of impairment. For the lower limb ability, upper limb ability, and mobility, and ADLs and IDALs, the original “with difficulty but able to complete” and “with difficulty and need help,” were defined as the function limits of these indicators. After adjusting the threshold, the standard was changed into “unable to complete.”

The study found that, when Multidimensional disability assessment was carried out with the strict selection of index thresholds with other condition constants, the estimates of disability rate fell. When k = 5, older people with 2 or more dimensions of disability fell from 28.94 to 37.57%. However, four dimensions, namely social interactions, cognitive mental status and communication, motor ability, and the ability to process disease, still maintained the highest contribution rate of multidimensional disability among other dimensions, which was relatively consistent with the results found above. To sum up, the calculation result of adjusted indicator threshold is more robust compared with the evaluation result above (Tables 7, 8).


Table 7. Dimensions and indicators of the multidimensional disability and its cut-off after adjustment.

[image: Table 7]


Table 8. The contribution of multidimensional disability indexes (M0) after adjustment.

[image: Table 8]

(2) Bourguignon and Chakravarty index (BCa)

Table 9 presented that the BCa index value of multidimensional disability of people by different genders, ages, and places of residence ranges from 0.277 to 0.503. Older people who were female, living in rural areas, and older than 65 years have higher BCa index. This showed a consistency with the findings of AF methods. Overall, older people have 2 ~ 6 dimensions of disability; when k = 1, 5, and 6, the proportion of multi-dimensional disability in older adults reached 0.566, 0.376 and 0.212, respectively, indicating that multidimensional disability rate by AF is reliable and accurate. Thus, we considered BCa as part of the results for sensitivity analysis to further support our conclusions.


Table 9. BCa indexes among older people by different age, gender, and place of residence.

[image: Table 9]



An Empirical Model for Influencing Factors of Multidimensional Disability

The results of the Breusch-Pagan test in Table 10 presented that χ2 = 503.734, P < 0.001. It indicates that there is autocorrelation in the eight dimensions of the interference terms ε, which is suitable for the analysis by Seemingly Unrelated Regression. Table 11 showed that there were differences in the demographic characteristics and biomarkers of multidimensional disability among older adults in terms of gender, age, resident place, BMI, educational level, formal care, and creatinine. Those older people who are female, aged over 65, and divorced have significant advantages in the dimensions of sources of care and home settings. The higher their average BMI was, the worse movement ability and home setting for older people would be. Those older people who are living in urban areas have a higher degree of deprivation in the dimension of care resources.


Table 10. Residual matrix analysis of each dimension.

[image: Table 10]


Table 11. Analysis of influencing factors of multidimensional disability.

[image: Table 11]





DISCUSSION

The present study was the first to construct MDI linked with individual, sources, and society capabilities in China, based on the A-F method. To verify the sensitivity of the threshold of index and the dimension, the overall trend and the results of decomposition of the multi-dimensional disability index were found to be basically consistent with the previous analysis after altering the threshold of index and the dimensions, indicating that the constructed index system was robust with high sensitivity and reliability.

Persons with impairment in motor ability, cognitive mental status and communication skills, ability of processing disease, and social interactions were significantly less likely to access any opportunity to achieve good health and escape morbidity. A relatively lenient threshold of the dimension of self-care was defined as disability if there existed at least one functional impairment in the dimension. The results showed that the measurement results of daily living ability disability were similar to another study (53). However, the higher impairment of motor ability, cognitive mental status and communication skills, ability of processing disease, and social interactions had larger contribution rates to multidimensional disability than self-care ability. As for motor ability, continuous stair climbing measured by mobility contributed the most to the limitation of motor ability, and older adults with limited stair climbing function accounted for 50.83%, followed by balance (35.67%). It indicated that stair climbing dysfunction has a great impact on the life of older adults. Another study also estimated that subjects who often climb stairs have a lower risk of coronary heart disease than those who do not (54). However, climbing stairs requires more muscle strength and energy than walking on flat ground, giving the body four Metabolic equivalent (METs) of moderately intense exercise, thus, stair climbing is not suitable for rehabilitation and endurance exercise for older adults (55). In addition, if there was no elevator in their living space, older adults who have insufficient physical endurance to climb stairs would give up outdoor activities, which results in further functional impairment.

As another kind of motor ability, balance dysfunction in older adults is regulated by the sensory system, nervous system, skeletal muscle system, spirit, and psychology. From the external aspect, balance function impairment in older adults results in increasing the incidence of falls, high hospitalization rate, and high mortality, which brings serious burden to individuals and society (56). From the internal body structure analysis, balance mainly depends on the central nervous system from proprioception vestibular sense and the sense of vision system information integration and regulation to maintain the balance of internal body (57). Once problems happen to a certain sense organ, the other two sensory organs will accordingly deploy compensatory strategies to keep the balance of the body, otherwise, a sensory system or nervous system will be damaged and degenerate. Therefore, attention should be paid to the imbalance of the limbs of older adults, the causes should be found in time, and treatment measures should be taken. At the same time, the government should popularize sports therapy, such as taijiquan (58), gymnastics (59), and balance dance (60), which are important for preventing balance dysfunction in older adults and maintaining the normal functions of all senses.

In the process of dealing with the demands and pressures caused by diseases, the self-treatment method of older adults is mainly to buy over-the-counter western medicine and traditional Chinese herbal medicine or to use traditional methods for treatment. This study found that the self-treatment rate of older adults within 1 month was 51.4% in 2011, lower than the self-treatment rate of all older adults in 2015 (61). With the aggravation of aging, China's disease spectrum is shifting to geriatric diseases and chronic diseases, because of the long course of chronic diseases, which need continuous treatment and long-term drug control. In addition, the popularization of compulsory education has reduced the number of illiterate people and increased the awareness rate of medical care knowledge of older adults and some common diseases. Therefore, the main reason for the increase in the utilization rate of self-treatment services might be older adults' self-perception that their conditions are not serious and the characteristics of chronic diseases. However, self-treatment rates having risen only 2% in 4 years suggests that the government and society should advocate to improve older adults health care system as soon as possible, improve older adults health literacy, and help old people actively deal with long-term health problems.

In addition, as people with certain social attributes get to have insufficient external resources (like assistive device and infrastructure, etc.), they suffered restricted autonomy and social participation that will further deteriorate the cognitive ability, daily living ability, and disease status of older adults (62). The poor home settings and lack of care sources resulted in increased probability of undergoing poorer treatment, and certainly the risk of a tumor or comorbidities. The results of this study show that the contribution rate of living environment to multidimensional disability is high. Every year, 55.2% of older adults who are injured due to falls occur indoors, and 30.3% of them suffer from fractures, most of which require surgical treatment (63). The reason behind this is the lack of ground anti-slip and anti-trip handrails in bathrooms, toilets, and barrier-free living environment and other facilities. As mentioned in the introduction of residential architectural design for older adults, the ideal living environment for older adults is in a basic living space, according to the comfort scale of older adults, to meet the requirements of health and application, and on this basis, to further improve the safety, comfort, and health, and to select materials, equipment, and products with good performance and quality (64).

The more access a family has to caregiver resources, the better the healthy development of older adults is. The current rate of ADL dysfunction in older adults is about 10~20% (65, 66), but the rate of ADL disability in this study was 23.72%, which was less than the disability caused by poor accessibility of caregivers (29.57%) and lack of accessibility (25.08%). It turned out that the older people with only ADL impairment belong to a minority group. Even more significant is the fact those who are unattended, with poor accessibility, should urgently have their care needs addressed. It has been proven that those unattended who live alone without caregivers are less likely to get proper treatment, and certainly increases the risk of a tumor or returning illness (67).

It was suggested that the government should encourage the development of multiple service resources to meet the diverse needs of the disabled older population, which included improving their motor capacity by providing assistive devices to enhance their activity capacity, timely provision of services targeting the cognitive function and communication ability of older adults, and optimization of the living conditions to enable the caregivers to release stress by the advanced evaluating of home care resources for those care recipients who are disadvantaged in the dimension of life. The experience of Germany can be used for reference to develop diverse community care resources and build a home-based community environment (68, 69), and improve the feasible ability set of disabled older adults through “aging in place” and “nearby assistance,” so as to meet the diversified pension needs of older adults and provide more dignified long-term care services for disabled older adults.

The overall multidimensional disability status indicates that older people who are female, aged over 65, with lower BMI, living in rural areas, with a lower education level, getting more formal care, and with a relatively higher creatinine, face a higher risk of deprivation in overall multidimensional disability and poor quality of life. These findings confirmed that all walks of life should pay attention to the multidimensional disability of older adults who are living in rural areas, with a lower level of education, since they are in a severe deprivation in the dimension of social interaction. The existence of a good social network of acquaintances results in better care and health management, which can alleviate the multidimensional disability level of older adults (70). The results also presented a positive correlation between creatinine and deprivation of medical condition of multidimensional disability. Creatinine is a toxin produced by muscle metabolism. In human muscles, creatinine is slowly formed mainly through irreversible non-enzymatic dehydration reactions, which is then released into the bloodstream and cleared by the kidneys. When kidney function is impaired, the glomerular filtration rate decreases and blood creatinine values are high. Increased creatinine levels lead to symptoms such as fatigue, weakness, back pain, and loss of appetite (71). This concludes that potential biomarker factors could be a clinical predictor for earlier designing personalized intervention to delay the progression of disability and prevent its occurrence.

Although we are confident that age is a strong predictor of impairment, we did not find any significant association between cognitive mental status and communication skills and social interaction with age; thus it was illustrated that the two dimensions were not affected by age, which is the opposite of previous research results (72). The reason behind is that this study focuses on a range of ages (80). Additionally, based on China's traditional filial piety culture, the older population have the responsibility to take care of their grandchildren. As those older people achieve certain social and economic status with their family relationships becoming more stable with age, they will get less stress to care for grandchildren and an urgent need to communicate and engage in social and cultural activities.

The MDI makes it possible to accurately measure the gap between rural and urban populations in terms of multidimensional disability situation. Zhang et al. (73) argued that the degree, scale, and care cost of disability of older adults in urban areas were higher than those in rural areas by using single-dimension ADL disability. However, the results of multidimensional disability measured in this study showed that older adults living in rural areas were worse in all dimensions of disabilities and have a higher disability rate than those in urban areas due to the lack of home environment and medical infrastructure. They also have not received timely and effective long-term care and pension financial subsidies, subsequently resulting in a vicious circle. In light of the above findings, it can be argued that multi-dimensional deprivation of older adults should be considered comprehensively, based on personal resources and social aspects from a broader perspective to calculate the disability scale and care cost of older adults in China. At the same time, the government and relevant departments should pay more attention to the evaluation of home care resources for older adults in rural areas, help older adults who are disadvantaged in the dimension of life to improve their family living conditions, and mitigate and limit the extension of disability in terms of resources and environment.

The analysis showed in the factors of social interaction, cognitive mental status and communication skills, motor ability, and the ability to process diseases accounted for a higher proportion in terms of multidimensional disability in older adults. The assessment of the disability degree of older adults from the perspective of multidimensional disability will contribute to broader measures to improve their social participation and mental health, which will enhance the health literacy and their ability to use assistive devices to deal with diseases, and further strengthen home environment improvement guidance. Especially for older adults with multiple cognitive and psychological impairments, it is necessary to provide relevant policy support to overcome the health deterioration caused by da isadvantaged environment and impaired social participation of older adults, so as to improve the quality of life and dignity in later life.



LIMITATIONS

Nevertheless, there existed two limitations to this study that need to be addressed: the first important one is that the multidimensional disability indexes need external validation in other countries and settings, although the Capability approach and geriatric medicine knowledge and were thought to be a well-based proof of concept. Secondly, the information of the binary ordered measurement of individual deprivation in different disability dimensions is limited. However, by fully mining and measuring the indicators information, we assume that each basic attribute has priority over the non-basic attribute categories, and the importance of each dimension in each category also varies. In addition, individuals with the same level of disability in some subjects but with different degrees of insufficiency in other aspects should be different. Based on the adjusted multidimensional deprivation rules by Dhongde, Pattanaik, and Bourguignon and Chakravarty, we use DASP to BCa indexes to further solve the above problems. Finally, the construct itself consists of three aspects and eight dimensions with 29 indexes, which are debatable. However, we have adopted the OLS model to analyze the factors affecting overall dimensional disability to further explore more information and characteristics among dimensions and make a confirmation of this construct.



CONCLUSIONS

Our data study suggested that the combined multiple variables central to the development of disability is superior to measurement of only one or two aspects, ADL or IADL. Through constructing a multi-dimensional disability evaluation index system, the study provides a first step toward a more precise and comprehensive evaluation for older adults in a home-based community. Our study also paves the way for heterogeneity analysis of older people aiming to predict and analyze the care needs of older people and provide precision nursing in the future.
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Objective: The inter-individual variability in cognitive changes may be early indicators of major health events. We aimed to determine whether late-life cognitive trajectories were associated with incident dementia, persistent physical disability and all-cause mortality.

Methods: Data came from a cohort of older community-dwelling individuals aged 70 years or above in Australia and the United States. Global cognition, verbal fluency, episodic memory and psychomotor speed were assessed regularly at up to seven waves between 2010 and 2017. Dementia, disability in activities of daily living, and death were adjudicated between 2017 and 2020. Latent classes of cognitive trajectories over seven years were determined using group-based trajectory modeling. Multivariable logistic regression was used for the prospective associations between cognitive trajectories and these outcomes.

Results: Cognitive trajectories were defined for 16,174 participants (mean age: 78.9 years; 56.7% female) who were alive and without incident dementia or disability by 2017, among which 14,655 participants were included in the association analysis. Between three and five trajectory classes were identified depending on the cognitive test. Cognitive trajectories were strongly associated with the risk of dementia. For example, compared to those in the highest-functioning trajectory, the worst performers of episodic memory had a 37-fold increased risk of dementia (95% CI: 17.23–82.64). The lowest trajectories of both global cognition and episodic memory also predicted increased mortality risk (OR: 1.80, 95% CI: 1.28–2.52; OR: 1.61, 95% CI: 1.09–2.36, respectively), while only slow psychomotor speed was marginally associated with physical disability (OR: 2.39, 95% CI: 0.99–5.77).

Conclusions: In older individuals, cognitive trajectories appear to be early indicators of clinically relevant health outcomes. Systematic cognitive assessments as part of routine geriatric evaluation may facilitate early identification and interventions for those individuals at highest risk.

Keywords: aging, cognition, dementia, activities of daily living, death, longitudinal


INTRODUCTION

Maintaining good cognitive function is an important component of healthy aging (1, 2). There is heterogeneity in late-life cognitive aging across individuals, with distinct cognitive trajectories observed in older populations (3). Gradual decline in cognitive function at old age has been thought to be a ‘normal' part of the aging process (4). However, some individuals experience more advanced cognitive decline dementia (5), while others appear to sustain high cognitive function over time even with advancing age (6).

A decline in global cognition and memory is associated with an increased risk of brain atrophy and dementia (7, 8), and some preliminary evidence suggests that worse cognitive trajectories also predict the risk of other geriatric outcomes (3). For example, one study observed that lower trajectories in global cognition were associated with a higher burden of hospitalization (9), and another two studies reported that declining global cognitive trajectories increased the incidence risk of physical disability and mortality (10, 11). However, most previous studies only examined global cognition, often using the Mini-Mental State Examination, which is a relatively crude measure (9, 12–15). It is unknown whether changes in specific domains of cognitive function are early indicators of important health outcomes.

This study aimed to investigate the relationship between global and domain-specific trajectories of cognitive function, and the incidence risk of dementia, persistent physical disability and mortality. We also examined the association between cognitive trajectories and a composite measure of these three outcomes - disability-free survival that reflects a healthy lifespan. Using data collected from a large cohort of older adults, the findings disentangle the population heterogeneity of late-life cognitive trajectories and demonstrate how these can be used as an early marker for major health outcomes.



MATERIALS AND METHODS


Study Sample

Study participants came from the ASPREE (ASPirin in Reducing Events in the Elderly) clinical trial – a randomized placebo-controlled trial that investigated the long-term effects of daily low-dose aspirin on health outcomes of older adults (16). A total of 19,114 participants aged 65+ years (African American and Hispanic/Latino) and 70+ years (Australian White, American White and all other ethnicities) were recruited from Australia and the United States between March 2010 and December 2014. At enrolment, eligible participants were required to be without a diagnosis of dementia and scored over 77 in the Modified Mini-Mental State Examination (3MS). Additionally, participants were without any severe difficulty performing any of the basic activities of daily living (ADL), established cardiovascular diseases, or any life-threatening illness (17).



Assessment of Cognitive Function

Cognitive function was assessed at baseline and annually over follow-up, at up to six waves. The battery included 1) 3MS for global cognitive function (18), 2) single-letter (F) Controlled Oral Word Association Test (COWAT-F) for verbal fluency (19), 3) Hopkins Verbal Learning Test-Revised delayed recall task (HVLT-R) for episodic memory (20), and 4) Symbol-Digit Modalities Test (SDMT) for psychomotor speed (21). In addition, an overall score was generated by adding up the z-scores of the four cognitive tests (6, 22).



Ascertainment of Study Endpoints

The endpoints of this study included dementia, persistent physical disability, all-cause mortality and disability-free survival. Dementia was adjudicated according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (23). This was done in conjunction with several evaluations including Alzheimer's Disease Assessment Scale–Cognitive subscale (24), Color Trails (25), Lurian overlapping figures (26), and the Alzheimer's Disease Cooperative Study Activities of Daily Living scale (27), as well as other relevant information such as laboratory tests, neuroimaging tests, clinical case notes and hospital medical records. Persistent physical disability was defined as the inability to perform or severe difficulty in performing one or more basic ADLs (28). Persistence was determined as the loss of the same ADL for at least 6 months, or adjudicated admission to nursing care facility due to physical disability (17). Death was confirmed upon verification with at least two independent sources (e.g., family or Primary Care Partnerships report, or clinical record, or public death notice) (17), with linkage to the National Death Index (17). Disability-free survival, which is a composite endpoint analyzed as the primary outcome in the ASPREE clinical trial, was defined as the first occurrence of dementia or persistent physical disability or all-cause mortality, whichever came first (29).



Statistical Analysis

Group-based trajectory modeling (GBTM) was used to identify the latent classes of cognitive trajectory, for each cognitive test. GBTM is an application of finite mixture modeling, which captures the underlying subgroups based on the longitudinal patterns of an indicator (30). The goodness of fit and model adequacy was used to select the best model (30, 31) (details in Supplementary Material). Individuals were required to have cognitive data at baseline and at one or more subsequent visits, to be eligible for trajectory modeling.

To ensure temporality, cognitive trajectories were modeled over the trial period (from March 2010 until June 2017), and incident health outcomes were examined between June 2017 and November 2020. As such, participants included in this analysis needed to be alive at the end of the trial period, and without dementia or physical disability.

Basic characteristics were presented as numbers and proportions, and compared between subgroups using chi-squared test. Multivariable logistic regression was used to analyze the association between cognitive trajectories and subsequent health outcomes, using the highest-functioning trajectory class as the reference group. The models adjusted for self-reported socio-demographic characteristics including age at the last visit (continuous), gender (men, women), ethnicity (Australian White, African American, Hispanic/Latino, US White, others) and education (≤12 years, >12 years), as well as smoking status (never, former, current), alcohol intake (never, former, current), living situation (at home alone, at home with someone or in a residential home), body mass index (underweight or normal, overweight, obese), hypertension (no, yes - defined as being on treatment for high BP or BP >140/90 mmHg), diabetes mellitus (no, yes - defined as being on treatment for diabetes, or fasting glucose≥126 mg/dL (≥7 mmol/L), or self-report), dyslipidemia (no, yes - defined as taking cholesterol-lowering medications, or serum cholesterol ≥212 mg/dL (≥5 mmol/L; Australia) and≥240 mg/dL (≥6.2 mmol/L) or LDL >160 mg/dL (>4.1 mmol/L)), depression (no, yes - defined as a score of 8 or higher in the 10-item Center for Epidemiological Studies-Depression Scale), frailty index (continuous, constructed based on 67 health deficits) (32), weak grip strength (no, yes - defined as grip strength in the lowest 20% at baseline adjusted by gender and BMI) (33), slow gait speed (no, yes - defined as gait speed in the lowest 20% at baseline adjusted by gender and height) (33). Grip strength and gait speed were not included in the models for persistent physical disability, as they are closely related to this dependent variable. The information of all covariates was ascertained at baseline (gender, ethnicity and education) or the last study visit when cognitive function was assessed.

All statistical analyses were conducted between September 2021 and February 2022, using Stata version 16.0 (Stata Corp., College Station, Texas, USA) and the ‘Proc Traj' package, with statistical significance set as a two-sided p-value < 0.05.




RESULTS


Identification of Cognitive Trajectories

A total of 16,174 individuals were included in the trajectory modeling (Figure 1). For most participants, data on all cognitive tests were available at three or more timepoints (Supplementary Tables 1–3). Between three and five trajectory classes were identified depending on the cognitive test (Figure 2, Supplementary Table 4).


[image: Figure 1]
FIGURE 1. Flow diagram of participants included in the analysis. *Incident dementia, persistent physical disability and all-cause mortality.
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FIGURE 2. Trajectory plots of the composite score (A), and the raw scores of 3MS (B), COWAT-F (C), HVLT-R delayed recall (D) and SDMT (E) (N = 16,174). (1) the x-axis denotes the year of cognitive assessment at baseline as well as 1, 3, 4, 5 and 6 years of follow-up; (2) the y-axis denotes the composite score and raw scores of the four cognitive tests; (3) the percentages refer to the proportions of participants assigned into the corresponding classes. 3MS, Modified Mini-Mental State Examination; COWAT-F, Controlled Oral Word Association Test-F; HVLT-R, Hopkins Verbal Learning Test–Revised (delayed recall); SDMT, Symbol Digit Modalities Test.


The model identified five classes for the overall score, with higher classes having higher baseline scores and less decline (Figure 2A). For the 3MS test, three classes were identified (Figure 2B), including one class with the highest baseline and least decline that accounted for most participants (64.1%). The four classes identified for COWAT-F (Figure 2C) mainly differed in baseline scores, but all improved over time with varying degrees. Four classes were identified for HVLT-R delayed recall (Figure 2D). The higher two trajectories with higher baseline scores showed slight improvement, while the lower two declined over time. In terms of SDMT, the five classes were crudely parallel, and all showed minor decline at a similar rate (Figure 2E).



Cognitive Trajectories and Associated Health Outcomes

Of the 14,655 participants with complete covariate data and who were alive and without dementia and physical disability by June 2017, a total of 854 participants reached the endpoints during the post-trial phase. This includes 265 incident cases of dementia, 253 cases of incident physical disability and 568 deaths (Figure 1). Compared to those included in the current analysis, those excluded due to missing data were older, with fewer years of education, and more likely to have chronic conditions (Supplementary Table 5).

Table 1 shows the basic characteristics of participants according to trajectory classes of the overall score. In general, participants in lower-functioning classes were older, more likely to be males, and with notably fewer years of education. They were also more likely to live alone at home, be a current smoker, and never drink alcohol, although the differences were less marked. In addition, all comorbidities were more prevalent in lower-functioning classes, except dyslipidemia which had an opposite trend.


Table 1. Basic characteristics of included participants at their last attended follow-up visit (n = 14,655).
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The fully adjusted associations of cognitive trajectories with incident dementia and physical disability are shown in Table 2. Compared to the individuals in the highest-functioning trajectory, worse performers with lower baseline scores and/or faster rates of decline showed higher dementia risk in all cognitive tests, although this was less marked for COWAT-F. However, only the lowest class - Low/Decline trajectory of SDMT showed a marginally significant association with physical disability (OR: 2.39, 95% CI: 0.99–5.77, p = 0.05).


Table 2. Fully adjusted a associations of cognitive trajectories with incident dementia and persistent physical disability (n = 14,655).
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Results regarding death and the composite endpoint are presented in Table 3. The association with increased mortality risk was seen in worse performers of the overall score and the 3MS test, as well as the lowest class of HVLT-R delayed recall – the Low/Decline trajectory (OR: 1.61, 95% CI: 1.09–2.36, p = 0.02). For the composite endpoint, associations were observed in the trajectories of all cognitive tests, except COWAT-F.


Table 3. Fully adjusted a associations of cognitive trajectories with incident all-cause mortality and the composite endpoint (n = 14,655).
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The results from the minimally adjusted models that only included age, gender, ethnicity and education (Supplementary Tables 6, 7) are not materially different from those produced by the fully adjusted models.




DISCUSSION

Among more than 16,000 community-dwelling older adults initially without dementia or ADL physical disability, we found that low cognitive performers had an increased risk of subsequent geriatric outcomes, compared to those who maintained high cognitive performance. The trajectories of all cognitive tests were associated with incident dementia, but this was less marked for verbal fluency. Death was predicted by low performance in global cognition and episodic memory, while persistent physical disability was only predicted by slow psychomotor speed. These findings suggest that cognitive aging trajectories reflect multiple aspects of health status in late life and could be used as early indicators of risk for major health events, beyond dementia.

Strengths of this study include the large sample size, as well as repeated cognitive assessments that enabled trajectory modeling across 6 years. More importantly, this is the first study to our knowledge that examines the trajectory profiles of multiple cognitive tests using a data-driven approach. This allows a robust comparison across cognitive domains for their associations with important geriatric outcomes and therefore helps to inform targeted strategies for healthy aging. In addition, we visualized the developmental patterns of cognitive changes on a timeframe along with detailed trajectory statistics for each distinct subgroup, which highlights the continuous and dynamic traits of cognitive aging. This longitudinal approach shifts the focus from cognitive function at a single point in time, to cognitive changes (i.e., maintenance, improvement, and decline) over a certain period. In this way, the developmental patterns of the suboptimal trajectories may help to inform when, to whom, and to what extent preventative strategies should be implemented.

We observed an association between low or declining cognitive trajectories in later life and incident dementia. This is in line with well-established evidence that decline may appear in various cognitive domains at the pre-clinical stage of dementia, many years before the diagnosis (34, 35). One study using a similar analytical approach also observed lower levels of hippocampal volume and entorhinal cortical thickness, as well as higher risk of dementia in those with declining memory trajectories (7). Our results showed that trajectories of global cognition, episodic memory and psychomotor speed were all strongly predictive of incident dementia, with an apparent dose-response relationship across the trajectory classes. In contrast, the difference in dementia risk was less marked in the trajectories of COWAT-F, with smaller effect sizes and no dose-response relationship as was seen with other cognitive tests. Interestingly, most participants showed improvements in verbal fluency over time, including those in the lowest COWAT-F trajectory, which possibly reflects practice effects. Indeed, verbal abilities, especially vocabulary, have been known to remain stable or gradually improve with age (4), and are less impacted by the neuropathology of dementia than other cognitive abilities (36). However, previous studies observed poorer verbal fluency in dementia patients compared to the controls (37, 38). Also, the lowest two trajectories of COWAT-F in this study predicted higher dementia risk. Therefore, assessments of verbal abilities may still add value to a comprehensive cognitive battery in dementia screening and prediction, although COWAT-F may be less reflective of brain aging than tests for other cognitive domains.

Although the interdependence between cognitive and physical functioning has been documented (39), evidence regarding how cognitive trajectories could predict future risk of physical disability remains scarce. In a study of 754 community-dwelling older adults with five trajectories of global cognition, the burden of physical disability increased incrementally with the degree of cognitive decline (9). We did not observe a significant association between global cognitive trajectories and physical disability, nor did we find an association in verbal fluency or episodic memory. In the latter two cases, there was a non-significant trend for increasing risk with worse trajectories. It is worth noting that we focused on persistent dysfunction in the same ADL item for over 6 months, which is more stringent than incidental disability investigated in the study of Han and colleagues (9). We did, however, find that the lowest trajectory of psychomotor speed elevated the risk of physical disability by over 2 folds. These results suggest that slowed psychomotor speed may reflect underlying deficits of physical function, although moderate slowing seems to be considerably prevalent in this study. Psychomotor speed may be a central marker of cognitive aging, as it is essential for successful execution of various mental activities (40). This is corroborated by the evidence that psychomotor speed is closely linked to memory and spatial perception, as well as sensory and motor function (39, 41, 42), which are all indispensable in basic daily activities. Therefore, psychomotor speed may be a more sensitive indicator for the future risk of physical disability than the other cognitive domains.

Prior investigation on the extent that cognitive trajectories impact subsequent mortality risk is limited. Four studies found increased mortality risk in those with greater decline in global cognition (10, 11). However, two of these classified participants based on thresholds (e.g., quintile) of cognitive change, which may not adequately reflect the population variance, and the other two were on specific population subgroups (15, 43). Our findings align with previous studies regarding global cognition and add new evidence about other cognitive domains. The worst performers in global cognition and episodic memory showed substantially higher risk of death, and weak associations were also observed in the lower trajectories of psychomotor speed. This suggests that low performance in these cognitive domains may provide a multi-dimensional implication for the aging process, beyond a reflection of neurodegeneration. Trajectories of verbal fluency were not significantly associated with risk of death, which is probably because phonemic fluency and vocabulary are crystalized abilities that are generally acquired via prior learning experiences and are relatively resilient to aging (4). However, we cannot rule out the possibility that observable impairment in verbal abilities may indicate severe disease in some cases.

Terminal decline usually begins several years before death, but the reason remains contentious (44, 45). One explanation is that cognitive decline may be a part of the biological compromise caused by undiagnosed diseases preceding death (44). For example, the decedents with underlying vascular conditions are more likely to experience severe neurological deficits than those without (46). Our findings suggest that cognitive decline can be slow and steady after the age of 70 in the absence of observable cognitive or ADLs dysfunction, even in those at greater risk of impending death. However, their cognitive trajectories, especially in global cognition and episodic memory, may already start to diverge from those of others several years before death.

Our findings highlight the value of strategies to promote cognitive function to help prevent geriatric diseases. To date, several multidomain strategies have proved effective in maintaining cognitive functioning for older individuals in real-world settings. These strategies covered a wide range of domains including but not limited to cognitive training, physical activity, dietary modification and vascular health monitoring (47, 48). In addition, regular interaction with professionals to adjust and optimize cognitive strategies in a timely manner is also essential (47, 49). Therefore, promotional strategies for cognitive function in older age should be advocated broadly. Further, the heterogeneity seen in cognitive aging also suggests the importance of personalized strategies. The early identification of those at risk of adverse outcomes based on their cognitive performance provides an opportunity to formulate preventive strategies at a pre-clinical stage. These should involve not only cognitive training interventions chosen according to cognitive trajectories, but also precision approaches specifically tailored based on the risk profile, health status, and genetic architecture of an individual with declining cognitive trajectories (50).

There are limitations to be acknowledged. First, the ASPREE study only recruited generally healthy participants, and those who died, developed dementia or ADL disability during the trial period were further excluded from the current analysis (to minimize reverse causation during the period when cognitive trajectories were assessed). This likely resulted in a study sample that is healthier than the general older population, and the heterogeneity of cognitive aging may have been underestimated with fewer classes. Therefore, the findings are probably not entirely generalizable to the wider community. Second, the trajectories showed cognitive changes within a specific timeframe, with most participants aged over 70 years. It remains unclear how these outcomes are predicted by cognitive trajectories over a longer period. Further investigation into this area will help characterize cognitive aging beyond the current timeframe and provide information for older adults from more diverse age groups.



CONCLUSION

Late-life cognitive trajectories are associated with incident geriatric outcomes, but these vary across cognitive domains. Decline across all cognitive tests was associated with increased risk of dementia. Global cognition and episodic memory were associated with the risk of mortality, while only slow psychomotor speed predicted incident physical disability. These findings indicate that cognitive trajectories are an important predictive marker for neurodegeneration, and the overall health status in older individuals. Therefore, regular global assessments covering multiple cognitive domains in either community routine care or clinical practice may provide important opportunities for early interventions to prevent major health events.
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Background: There is increasing evidence that subjective age is an important predictor of beneficial health outcomes besides chronological age. However, little is known about the factors associated with younger subjective age. This study aimed to identify which factors are predictive of feeling younger in old age. In this context, feeling younger was defined as an individual's perception of being younger than their current chronological age.

Methods: Data from 4,665 community-dwelling older people were drawn from wave 7 (2020) of the German Aging Survey (DEAS), a nationally representative study in Germany. Network, mediation, and binomial logistic regression analyses were performed to reveal the associations between feeling younger and biopsychosocial factors.

Results: A total of 4,039 participants reported feeling younger, while 626 did not. Older chronological age, engaging in sports more frequently, a better standard of living, a better state of health, higher satisfaction with life, more positive attitudes toward one's aging, and fewer depressive symptoms are associated with feeling younger in older people.

Conclusion: The present study provides novel and consistent evidence regarding the association between feeling younger and biopsychosocial factors. Further research is needed to confirm these factors and identify how they can be adapted in potential intervention studies to generate the life and health circumstances that allow older people the benefit of feeling younger.

Keywords: aging, subjective age, depression, health, healthy aging, network, satisfaction with life


INTRODUCTION

There is no uniformly specified age that defines an individual as old. Every person experiences the psychological and physiological processes during aging differently (1). In addition, subjective age is shaped by metacognitive beliefs about aging, including expectations and interpretations of individual experiences (2). Therefore, the chronological and subjective ages may differ significantly.

There is increasing evidence that, besides chronological age, subjective age is an important predictor of beneficial health outcomes. In particular, younger subjective age is associated with psychological wellbeing (3), younger estimated brain age assessed by regional gray matter volume (4), better cognitive functioning (5, 6), increased grip strength (7), faster walking speed (8), less frailty (9), a lower risk of cardiovascular diseases (10), hospitalization (11), and mortality (12). However, apart from these positive health effects, there is little knowledge about the factors contributing to younger subjective age, which may set the course for these beneficial outcomes. We hypothesized that several factors affect individuals' assessment of their subjective age.

The following section provides an overview of factors potentially relevant to subjective age. Although a person's chronological age and subjective age may differ significantly, recent evidence suggests an association between higher chronological age and lower subjective age (13). Besides age, sex differences may contribute to the assessment of subjective age, as there are sex-related differences in age stereotypes (14). However, studies investigating the relationship between an individual's sex and subjective age are inconsistent; therefore, this association needs to be further elucidated (15, 16).

Previous life circumstances and life events have a major impact on the quality of life of older adults (17). From the end of the Second World War until 1990, Germany was divided into the former Federal Republic of Germany in the western part and the former German Democratic Republic in the eastern part, with different social, economic, and healthcare systems. These differences may affect individual wellbeing, and there are economic and mortality disparities in both parts of Germany (18, 19). Accordingly, differences in the assignment of the place of residence to the east or west impact individuals' perceptions of age due to differences in the socioeconomic environment.

Furthermore, there are differences in subjective age based on education and perceived financial wellbeing, especially among older adults (20). In this regard, it seems plausible that receiving a pension or retirement benefit, which is often associated with a decrease in income, negatively affects subjective age. On the other hand, many low-income workers may find themselves forced to extend their working lives (21). In addition to objective or perceived income, retirement planning may also be influenced by subjective life expectancy (22) and, therefore, by individuals' perceptions of aging. The connection between retirement and subjective age has not yet been clarified. However, it is an expected normative of older age, indicating a certain stage in life, and may therefore influence subjective age.

Having a partner, child, family, or friend can provide social support to older adults. Social networks with high-quality social contacts are associated with subjective wellbeing in old age (23–25). Until now, little is known about the influence of social environment on subjective age. However, an immediate context is suspected and should be considered when evaluating subjective age (2).

Previous research suggests that physical health significantly impacts subjective age, as feeling younger is associated with better physical functioning (7, 8). Moreover, a large longitudinal study showed that higher physical activity is associated with a younger subjective age after 8–20 years (26). Accordingly, there seems to be a bidirectional relationship between feeling younger and physical activity. Besides reflecting on their physical abilities, individuals may also reflect on their mental health when evaluating their subjective age. Subjective age is also linked to depressive symptoms, loneliness, and satisfaction with life (27–30). Additionally, one can assume that the coronavirus pandemic may have a meaningful impact on individual aging views, resources, and coping strategies, and therefore, should be considered when evaluating subjective age.

Taken together, apart from the known beneficial health effects of a younger subjective age, there is little knowledge about the factors contributing to feeling younger and their interactions. Based on previous literature, several factors can be assumed to influence subjective age. Multifactorial analyses are necessary to consider the complex interactions between biology, psychology, and socio-environmental factors to understand their impact. There is an urgent need to obtain more evidence regarding biopsychosocial factors that promote the subjective assessment of feeling younger to reveal individual beneficial resources. This study aimed to identify predictors of feeling younger in older, community-dwelling people based on the results of a nationally representative study in Germany in 2020.



METHODS


Study Design

Data are from the public release of wave 7 (2020) of the German Aging Survey (DEAS), provided by the Research Data Center of the German Center of Gerontology (DZA) (31). DEAS is a nationwide, representative, cross-sectional, and longitudinal survey of the German middle-aged and older population (minimum age 45 years), covering a wide range of topics and obtaining information on socioeconomic and demographic attributes, household composition, housing, family structure, social network, psychological resources, attitudes, and physical and mental health (31). The questionnaire, user manual, and codebook of wave 7 of the DEAS are publicly available via the website of the Research Data Center (https://www.dza.de). The microdata of DEAS are available free of charge to scientific researchers from the FDZ-DZA. Detailed information on the survey's design, content, and implementation is provided in the infas methodological report (32).



Participants

Of the 4,823 respondents of wave 7 (2020) of the German Aging Survey (DEAS), 4,748 were community-dwelling individuals. We excluded 83 participants who did not indicate their perceived age, resulting in a sample of 4,665 participants.



Outcome Parameter: Feeling Younger

This study defined feeling younger as the individual's perception of being younger than the current chronological age. Therefore, a binary variable indicating whether participants felt younger than their chronological age (feeling_younger) was generated using the chronological age (DEAS 2020 data variable altervoll_20) and perceived age (DEAS 2020 data variable jp2) of each participant. If the perceived age of the participant was lower than its chronological age, the participant was assigned to the group feeling_younger = “1”. If the perceived age of the participant was equal to or higher than their chronological age, the participant was assigned to the group feeling_younger = “0”.



Independent Variables

Based on the previous literature and in accordance with the subject areas of wave 7 of the DEAS, several variables have been identified as potential factors pertaining to feeling younger. First, we considered demographic parameters including chronological age (metric, years), sex (male “1”, female “0”), receiving an old-age pension, disability pension benefit, or any retirement benefits (yes “1”, no “0”), and East-West-Assignment of place of residence (former Federal Republic of Germany “1”, former German Democratic Republic “0”). Level of education was considered with a three-stage dummy encoded variable (low “1”, medium “2”, high “3”). A low level of education refers to respondents without completed vocational qualifications and up to a maximum graduation degree, which qualifies for a professional qualification. A medium level of education refers to respondents with vocational qualifications or qualifications for a university or university of applied science entrance. A high level of education refers to respondents who have completed university studies (university or university of applied science).

Next, we included the parameters describing the social environment. The family structure was considered using the following variables: Having a spouse or steady partner (yes “1”, no “0”), living with the partner in the household (living_partner: yes “1”, no “0”), having a younger partner (age_partner: younger “1”, equal or older “0”), number of people in the household, number of children, and living with children in the household (living_children: yes “1”, no “0”). Respondents were asked to assess the quality of their current relationship with the partner (relationship_partner), family (relationship_family), and friends (relationship_friends) using a scale 5-point Likert scale ranging from 1 = very good to 5 = very bad. Contact with neighbors was additionally considered (very close “1” to no contact “5”).

Frequency of physical activity was assessed on a 6-point Likert scale ranging from 1 = daily to 6 = never for doing sports and going for walks. Additionally, respondents rated their state_of _health and their standard_of_living (very good “1”, good “2”, average “3”, bad “4”, very bad “5”). To assess the effect of the coronavirus pandemic, an infection of the respondent (corona_infection: infected “1”, not infected “0”) or of people in the personal environment (corona_environment: infected “1”, not infected “0”) were assessed. As well, participants were asked if the coronavirus crisis was perceived as a personal threat (corona_threat) on a 10-point Likert scale from “not at all a threat for me” to “extreme threat for me”.

Depressive mood was assessed using the German translation of the Center for Epidemiologic Studies Depression (CES-D) scale (short form, 10 items) with higher values indicating higher depressive symptoms. A score equal to or above 10 was considered depressed (33), and a dichotomous variable was determined (depressive: yes “1”, no “0”). Loneliness was assessed based on the 6-item De Jong Gierveld Loneliness Scale, with higher values indicating a higher level of loneliness (34). A mean value above 2.5 was considered as feeling lonely, and a dichotomous variable was determined (loneliness: yes “1”, no “0”). A five-item scale was used to assess life satisfaction (35). A mean value was generated, with higher values indicating a higher level of life satisfaction. A value above 3.0 was considered as satisfied with life, and a dichotomous variable was determined (life_satisfaction: yes “1”, no “0”). Finally, attitudes toward one's aging were assessed based on five items in accordance with the Philadelphia Geriatric Center Morale Scale (36). After recoding, high values indicated a positive attitude toward one's aging. A mean value above 2.5 was considered to represent a positive attitude toward one's aging, and a dichotomous variable was determined (attitudes: positive “1”, negative “0”).



Statistical Analysis

Data were checked for normality using the Shapiro–Wilk test. Results were reported as the median and interquartile range (IQR) for non-normally distributed continuous variables or number (%) for categorical variables. For group comparisons, Mann–Whitney U-tests were performed for non-normally distributed ordinal data and chi-square tests for nominal data. The effect sizes of the Mann–Whitney U-test were given by the rank biserial correlation rB and chi-square test by the Phi coefficient. Correlations between different clinical parameters were tested using Spearman's correlation rs. The effect sizes were considered low (|rs| = 0.1), moderate (|rs| = 0.3), or strong (|rs| = 0.5) (37). The level of statistical significance for all tests was set at p < 0.05 (two-tailed).

A network analysis was conducted to explore the association between feeling younger and the aforementioned biopsychosocial factors to depict their complex interplay. Therefore, the basic assumption is that analyzing the overall pattern of linkages between the variables provides a better explanation for interactions than considering separate correlations. A network estimates the relation between the variables directly without reducing the structure of the variables to their shared information. Each variable is an element of an interacting system. However, instead of presenting associations between all variables, which would lead to a confusing and unclear network, a regularization technique can be used. Thereby, interactions between two variables that are likely to be spurious are removed to allow easier interpretation of the network that focuses on significant relations. In this study, network characteristics and structure were assessed using the extended Bayesian information criterion (EBIC) (38, 39) with at least an absolute shrinkage and selection operator (LASSO) (40). Non-paranormal transformation of the non-normally distributed data was performed to achieve a normal distribution (npn). To ensure a more sensitive and specific network analysis, the tuning parameter of EBICglasso was set to 0.5. The nodes of the network display the variables, and they are positioned using the Fruchterman–Reingold algorithm based on the strength of the connections between nodes using pseudo-random numbers (41). The edges represent the correlations between nodes. The thickness of the edges corresponds to the strength of the correlation. Betweenness, closeness, and strength were determined as centrality measures, with relative values ranging from zero to one. Betweenness quantifies how often one node is on the shortest path between other nodes (42, 43). Closeness relies on the inverse sum of all distances from one node of interest to all other nodes and describes indirect connections (42, 43). Strength refers to the sum of the absolute input weights of that node and accordingly describes the direct connections of one node to other nodes (42–44). In general, higher centrality measures indicate that nodes are more central to the network. The stability of the centrality measures was estimated via a case-dropping bootstrap (number of bootstraps = 1,000) and quantified using the CS coefficient. The CS coefficient quantifies the proportion of cases that can be dropped to retain a correlation with the original centrality measure of higher than 0.7 in at least 95% of the samples (43). Above a cut-off of 0.5, the index can be considered stable (43). The accuracy of the network was estimated using a non-parametric bootstrapping procedure to assess the edge weight stability. Therefore, the edge weights' narrower 95% confidence intervals indicate a more trustworthy network (43). A bootstrapped difference test was also used to test whether the centrality measures of a node in the network were significantly different from each other node (43).

Based on the relationships within the explorative network plot, we identified potential mediators as nodes that were directly connected to two other nodes (outcome variable and potential predictor). We performed a simple mediation analysis to estimate the indirect and direct effects (Bab and [image: image]) between potential nodes. The statistical significance of the effects was estimated using a bootstrapped procedure (number of bootstraps = 1,000).

Additionally, binomial logistic regression analyses with backward selection (likelihood ratio) were performed to identify predictors of feeling younger. Variables assessed using a Likert scale were analyzed ordinally. For the regression analyses, autocorrelation and multicollinearity were excluded (|r| < 0.8). Linearity was assessed using the Box–Tidwell procedure. Outliers were identified by calculating the standard deviation of the studentized residuals (SD > 3) and leverages (>0.2), and were subsequently excluded from further regression analyses.

SPSS (IBM SPSS Statistics, RRID:SCR_016479, version 27), JASP (JASP, RRID:SCR_015823, version 0.15), and Jamovi (jamovi, RRID:SCR_016142, version 2.2.5) were used for statistical analyses.




RESULTS


Descriptive Analysis

The characteristics of the cohort are presented in Table 1. The majority of the entire cohort received pension or retirement benefits, lived in the western part of Germany, had two children, lived with a partner in the household, and assessed this conjugal relationship as good. The majority of participants were satisfied with their lives and did not feel lonely. The vast majority of participants were not infected with coronavirus and stated that there were no infections with coronavirus in their personal environment. The descriptive characteristics of the 4,039 participants (86.6%) who reported feeling younger (median reported age difference between participants' chronological age and their perceived age 9 years, IQR = 6–13 years, range 1–71 years) and 626 participants (13.4%) who reported not feeling younger (median reported age difference between participants' perceived age and their chronological age 1 year, IQR = 0–6 years, range 0–138 years) are shown in Table 1. The group comparisons are also shown in Table 1. The largest effect sizes of significant group differences were observed for state of health (rB = 0.458; p < 0.001) and attitudes toward one's aging (Phi = 0.312; p < 0.001), with participants who were feeling younger rating their state of health more positive and reporting a more positive attitude toward their aging.


Table 1. Summary of variables stratified by feeling younger.

[image: Table 1]



Correlation Analysis

Within the entire cohort, univariate correlation analyses revealed a moderate correlation between feeling younger and a positive attitude toward one's aging (rs = 0.312; p < 0.001), low correlations for engaging in sports more frequently (rs = 0.153; p < 0.001), a better state of health (rs = 0.295; p < 0.001), a higher standard of living (rs = 0.178; p < 0.001), perceiving the coronavirus pandemic as less threatening (rs = 0.110; p < 0.001), fewer depressive symptoms (rs = 0.247; p < 0.001), feeling less lonely (rs = 0.100; p < 0.001), and higher satisfaction with life (rs = 0.246; p < 0.001) (detailed in Supplementary Table S1).



Network Analysis

A network plot of the 27 variables is shown in Figure 1. The nodes display the variables, and the thickness of the edges represents the strength of the correlations between the nodes. Network analysis revealed a well-connected network without isolated nodes; 210 out of 351 edges were estimated to be above zero. For each variable, the centrality indices for betweenness, closeness, and strength of the total study population are shown in Figure 2 (and tabulated in Supplementary Table S2). Additionally, detailed edge weights are shown in Supplementary Table S3. The highest betweenness was determined for the participants' state of health (SOH). This node substantially impacts the network because it is most often located on the shortest connections between pairs of other nodes. Accordingly, participants' state of health (SOH) may affect the communication between many pairs of nodes. Standard of living (SOL) had the highest closeness centrality measure. The distances from this node to all other nodes were the shortest. Therefore, standard of living (SOL) showed the strongest indirect connections within the network. Moreover, it can be noted that living with children (LIC) had the highest strength centrality measure. This means that this node has the highest input weights from the other directly connected nodes. Accordingly, living with children (LIC) has a considerable influence on several connected factors.


[image: Figure 1]
FIGURE 1. Network structure of the total study population. The nodes display the variables and the edges represent correlations between the nodes. The thickness of the edges corresponds to the strength of the correlation. Green: Feeling_younger (FEY), Yellow: variable directly associated with FEY (AGE, age; SPO, sports; SOH, state_of_health; SOL, standard_of_living; DEP, depressive; LSA, life_satisfaction; ATT, attitudes). Orange: variables of the network not directly associated with FEY.



[image: Figure 2]
FIGURE 2. Node centrality of the total study population. Centrality indices for betweenness, closeness, and strength are given in relative values. A higher centrality measures indicate that the node is more central to the network.


On a global level, the network can be visually divided into four domains, which are shown in Supplementary Figure S1: items describing household composition (SEX, sex; PAR, partner; AGP, age_partner; RPA, relationship_partner; LIP, living_partner; LIC, living_children; CHI, children; HOU, household), items describing social contacts (LON, loneliness; RFA, relationship_family; RFR, relationship_friends; NEI, neighbors), items describing wellbeing (FEY, feeling_younger; SOH, state_of_health; ATT, attitudes; DEP, depressive; COT, corona_threat; SOL, standard_of_living; LSA, life_satisfaction; SPO, sports; WAL, walks), and items related to a coronavirus infection (COI, corona_infection; COE, corona_environment). Four items could not be categorized into one of these domains (AGE, age; RET, retirement; EDU, education; and RES, residence). However, these items are not isolated. They pass the information of the household composition domain and the coronavirus infection domain to the wellbeing domain. In general, these four domains are not strictly separated. There are various cross-domain associations. In particular, there is a strong connection between social contact and wellbeing domains via loneliness (LON). Loneliness has a direct effect on feeling younger (FEY). However, the indirect effect mediated by depression (DEP) predominated (Bab = −0.069, p < 0.001, 61.3%; [image: image] = −0.044, p = 0.037, 38.7%).

Feeling younger (FEY) was not the most centrally located factor within the network, as specified by the centrality measures betweenness, closeness, and strength. The betweenness of feeling younger is very low (0.000). Accordingly, feeling younger does not affect communication between pairs of other nodes. However, for feeling younger, a strong closeness centrality measure was determined (0.744), referring to the distances to all other nodes and, therefore, the indirect connections within the network. Based on the moderate strength centrality measure (0.377), feeling younger was directly associated with several network factors. In this regard, our network structure revealed direct associations between feeling younger (FEY) and the chronological age of the participants (AGE), frequency of engaging in sports (SPO), state of health (SOH), standard of living (SOL), depressive symptoms (DEP), participants' satisfaction with life (LSA), and attitudes toward one's aging (ATT). Therefore, the edge weights between FEY and both ATT and SOH were high, corresponding to strong correlations. If we look at these connections, it becomes apparent that SOH seems to mediate the association between SOL and FEY, as well as the association between SPO and FEY. Subsequent mediation analysis revealed that the association between SPO and FEY was partially mediated by SOH (Bab = −0.017, p < 0.001, 52.1%; [image: image] = −0.016, p < 0.001, 47.9%). Additionally, the state of health partially mediated the effect of standard of living on feeling younger (Bab = −0.040, p < 0.001, 47.0%; [image: image] = −0.045, p < 0.001, 53.0%). In addition, attitudes toward one's aging partially mediated the association between life satisfaction and feeling younger (Bab = 0.093, p < 0.001, 37.2%; [image: image] = 0.157, p < 0.001, 62.8%).

The results of the network accuracy and stability analyses are shown in Supplementary Figures S2–S4. The case-dropping bootstrapping procedure showed that the centrality measures of betweenness [CS (cor = 0.7) = 0.66], closeness [CS (cor = 0.7) > 0.75], and strength [CS (cor = 0.7) > 0.75] remained highly stable. The non-parametric bootstrapping procedure revealed that the identified edge weights were accurate and that the centrality indices of the nodes were significantly different from each other.



Regression Analysis

Spearman correlations between independent variables were high (r > 0.8), indicating that multicollinearity was a confounding factor in the analysis (education_2 and education_3: r = −0.916, p < 0.001; partner and living_partner: r = 0.899, p < 0.001; household and living_children: r = 0.852, p < 0.001). Therefore, education_2, partner, and household were excluded from the regression analysis.

We conducted a logistic regression analysis within the study population of community-dwelling people [χ2(11) = 353.20, p < 0.001, Nagelkerk's R2 = 0.241] to understand the predictors of feeling younger. Four participants were identified as outliers and excluded from further analysis. Feeling younger was associated with older age [Exp(B) = 1.025; p = 0.012] and fewer depressive symptoms [Exp(B) = 1.546; p = 0.007]. Additionally, if participants are doing sports less frequently [Exp(B) = 0.908; p = 0.026], have a worse state of health [Exp(B) = 0.533; p < 0.000], a worse standard of living [Exp(B) = 0.811; p = 0.026], are less satisfied with their life [Exp(B) = 0.632; p = 0.016], and report a negative attitude toward their aging [Exp(B) = 0.360; p < 0.001], they are less likely to feel younger. For detailed information, steps 1 and 15 of the regression are shown in Supplementary Table S4.




DISCUSSION

Subjective age is an important predictor of positive health outcomes (3–12). In a representative sample of 4,665 older community-dwelling people in Germany, the majority reported feeling younger than their chronological age. We identified several biopsychosocial factors associated with feeling younger.

Both network analysis and regression analysis revealed that older chronological age, engaging in sports more frequently, a better standard of living, a better state of health, higher satisfaction with life, more positive attitudes toward one's aging, and fewer depressive symptoms are associated with feeling younger in older people. However, as suggested by network analysis and confirmed by mediation analysis, in particular state of health, attitudes toward one's aging and depression have a considerable direct effect on subjective age.

Our study revealed that older chronological age is associated with feeling younger. This at first glance paradoxical finding can be interpreted in line with previous research, showing an association between higher chronological age and lower subjective age (13). Participants who were feeling younger reported a subjective age that was on average 9 years younger than their chronological age. Feeling younger contributes to mentally distancing oneself from an age group associated with a decline in functioning, which might allow older people to maintain a more positive view of themselves (46). People often report a younger subjective age when comparing themselves to people with worse health, or when they conclude that despite their increasing age, they do not change significantly (16, 47, 48). Accordingly, ageism, which refers to stereotyping individuals or groups based on age, contributes significantly to the assessment of subjective age. Furthermore, ageism is known to affect people's health negatively (49–51). It can be assumed that the coronavirus pandemic and the focus on older vulnerable persons have aggravated ageism (52). Ageism is negatively related to subjective health and life satisfaction after the onset of the pandemic, and younger subjective age may buffer this negative effect (53). In this context, feeling young may be seen as a beneficial coping process (54). Our data were derived from the German Aging Survey conducted from June to July 2020 after the first wave of the coronavirus pandemic. In our study, participants who felt younger perceived the coronavirus crisis as less threatening than participants who did not feel younger. However, most of the participants did not perceive the coronavirus pandemic as a personal threat.

The present study revealed that feeling younger was associated with engaging in sports more frequently, which was partially mediated by a better state of health. This is in line with previous research showing an association between feeling younger and faster walking speed (8) as well as overall better physical functioning (7, 26). Additionally, this finding corresponds to the fact that physical activity enables healthy aging and reduces mortality (45, 55, 56). Therefore, it should be noted that physical activity improves both physical and mental health (56), which may improve the self-perception of aging.

In line with previous research, our study confirms that feeling younger is also associated with fewer depressive symptoms (27, 57). This finding may be explained by the association of late-life resources and strategies for coping with depressive symptoms (58). Previous research has shown that affective mental health factors, such as depression impact subjective aging views (59). Likewise, life satisfaction, self-esteem, and purpose in life are known predictors of lower depressive symptoms (60). Accordingly, increasing life satisfaction can potentially prevent or alleviate depressive symptoms. Additionally, independent of depressive symptoms, higher satisfaction with life itself is also associated with feeling younger, as the present study was able to show. However, it should be noted that less favorable individual aging attitudes contribute to the association between an older subjective age and lower life satisfaction (61, 62). Our study revealed that attitudes toward one's aging partially mediate the relationship between feeling younger and life satisfaction. Higher satisfaction with life may correspond to more positive aging attitudes, which reduce age-related attributions of changes. More positive attitudes toward one's aging improve the subjective experience of aging, and, accordingly, it is more likely that someone reports feeling younger. These results align with a previous longitudinal study showing that an increase in positive attitudes toward one's aging results in a relative decrease in subjective age (63). In summary, our results underline the importance of both mental and physical health in terms of subjective age. The determination of the state of health can be seen as an aggregated assessment of the mental and physical health domains. State of health is one of the most central variables within the network structure of our study, according to the betweenness centrality measure. Therefore, we were able to reveal that feeling younger was associated with an overall better state of health.

In addition to mental and physical health, social environment is an important contributor to subjective age. Our regression analysis found that a higher standard of living was associated with feeling younger. Moreover, our network and mediation analyses revealed that this connection is partially mediated by a better state of health. This is in line with previous research showing that perceived income affects self-rated health (64, 65).

To the best of our knowledge, this is the first study applying network analysis to assess the impact of complex interacting biopsychosocial factors, that determine feeling younger in older age. However, our study has several limitations. First, our study did not include people living in nursing homes because of the small number of respondents in the questionnaire. Therefore, the results cannot be generalized to older adults living in residential care. Second, we cannot exclude positive selection errors. It is plausible that participants who answered the questionnaire may have had better physical and mental capabilities. In addition, there is an association between cognitive deficits and older subjective age (6). Therefore, it is probable that our available data underestimate the proportion of people feeling older than their chronological age. Third, dichotomizing feeling younger to assess subjective age risks losing information. However, it is an established method for determining subjective age (6, 8, 12, 26, 54). Fourth, as independent variables we only considered variables of wave 7 of the DEAS. Accordingly, there are other possible influential factors on subjective age that could not be taken into account within this study. Fifth, because of the cross-sectional design, no statement can be made on the effect of time-dependent variables, including short-term changes as well as long-term influences. We applied network analysis to cross-sectional data as an initial step to gain an overview of the many variables potentially related to feeling younger in advanced age, however, it would be beneficial to follow up this study with analysis on longitudinal data. Finally, because of the cross-sectional design, no causal effects could be determined. It is not clear whether the aforementioned factors predominantly lead to a younger subjective age or if they are the main consequences of a younger subjective age.

Taken together, the present study provides novel evidence regarding the association between feeling younger and several biopsychosocial factors. Our analyses revealed that an older chronological age, engaging in sports more frequently, a better standard of living, a better state of health, higher satisfaction with life, more positive attitudes toward one's aging, and fewer depressive symptoms are associated with feeling younger in older people. Further research is needed to confirm these factors and identify how they can be adapted in potential intervention studies to generate the life and health circumstances that allow older people the benefit of feeling younger.



DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data can be found here: https://www.dza.de.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

KH and TP: study concept and design. KH, AS, and TP: statistical analysis and interpretation of data. KH: first draft of the manuscript. AS and TP: critical revision of the manuscript. Final approval was obtained from all authors.



FUNDING

Funding to KH was provided by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) in the Clinician Scientist-Program OrganAge, Funding Number 413668513 and the Interdisciplinary Center of Clinical Research of the Medical Faculty of Jena.



ACKNOWLEDGMENTS

We thank DZA for their thorough data acquisition and management.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.901420/full#supplementary-material



REFERENCES

 1. Kotter-Grühn D, Kornadt AE, Stephan Y. Looking beyond chronological age: current knowledge and future directions in the study of subjective age. Gerontology. (2015) 62:86–93. doi: 10.1159/000438671

 2. Hughes ML, Touron DR. Aging in context: incorporating everyday experiences into the study of subjective age. Front Psychiatry. (2021) 12:633234. doi: 10.3389/fpsyt.2021.633234

 3. Weiss D, Sassenberg K, Freund AM. When feeling different pays off: how older adults can counteract negative age-related information. Psychol Aging. (2013) 28:1140–6. doi: 10.1037/a0033811

 4. Kwak S, Kim H, Chey J, Youm Y. Feeling how old i am: subjective age is associated with estimated brain age. Front Aging Neurosci. (2018) 10:168. doi: 10.3389/fnagi.2018.00168

 5. Stephan Y, Caudroit J, Jaconelli A, Terracciano A. Subjective age and cognitive functioning: a 10-year prospective study. Am J Geriatr Psychiatry. (2014) 22:1180–7. doi: 10.1016/j.jagp.2013.03.007

 6. Stephan Y, Sutin AR, Luchetti M, Terracciano A. Feeling older and the development of cognitive impairment and dementia. J Gerontol B Psychol Sci Soc Sci. (2017) 72:966–73. doi: 10.1093/geronb/gbw085

 7. Stephan Y, Chalabaev A, Kotter-Grühn D, Jaconelli A. “Feeling younger, being stronger”: an experimental study of subjective age and physical functioning among older adults. J Gerontol B Psychol Sci Soc Sci. (2013) 68:1–7. doi: 10.1093/geronb/gbs037

 8. Stephan Y, Sutin AR, Terracciano A. “Feeling younger, walking faster”: subjective age and walking speed in older adults. Age. (2015) 37:86. doi: 10.1007/s11357-015-9830-9

 9. Li Y, Liu M, Miyawaki CE, Sun X, Hou T, Tang S, et al. Bidirectional relationship between subjective age and frailty: a prospective cohort study. BMC Geriatr. (2021) 21:395. doi: 10.1186/s12877-021-02344-1

 10. Stephan Y, Sutin AR, Wurm S, Terracciano A. Subjective aging and incident cardiovascular disease. J Gerontol B Psychol Sci Soc Sci. (2021) 76:910–9. doi: 10.1093/geronb/gbaa106

 11. Stephan Y, Sutin AR, Terracciano A. Feeling older and risk of hospitalization: evidence from three longitudinal cohorts. Health Psychol. (2016) 35:634–7. doi: 10.1037/hea0000335

 12. Stephan Y, Sutin AR, Terracciano A. Subjective age and mortality in three longitudinal samples. Psychosom Med. (2018) 80:659–64. doi: 10.1097/PSY.0000000000000613

 13. Pinquart M, Wahl HW. Subjective age from childhood to advanced old age: a meta-analysis. Psychol Aging. (2021) 36:394–406. doi: 10.1037/pag0000600

 14. Kornadt AE, Voss P, Rothermund K. Multiple standards of aging: gender-specific age stereotypes in different life domains. Eur J Ageing. (2013) 10:335–44. doi: 10.1007/s10433-013-0281-9

 15. Pinquart M, Sörensen S. Gender differences in self-concept and psychological well-being in old age: a meta-analysis. J Gerontol B Psychol Sci Soc Sci. (2001) 56:P195–213. doi: 10.1093/geronb/56.4.P195

 16. Sabatini S, Ukoumunne OC, Ballard C, Collins R, Kim S, Corbett A, et al. What does feeling younger or older than one's chronological age mean to men and women? qualitative and quantitative findings from the protect study. Psychol Health. (2021) 36:1–24. doi: 10.1080/08870446.2021.1960989

 17. Enwo OO, Player E, Steel N, Ford JA. The impact of life events on later life: a latent class analysis of the english longitudinal study of ageing. J Public Health. (2021) 43:e180–e7. doi: 10.1093/pubmed/fdaa002

 18. van Raalte AA, Klüsener S, Oksuzyan A, Grigoriev P. Declining regional disparities in mortality in the context of persisting large inequalities in economic conditions: the case of Germany. Int J Epidemiol. (2020) 49:486–96. doi: 10.1093/ije/dyz265

 19. Grigoriev P, Pechholdová M, Mühlichen M, Scholz RD, Klüsener S. 30 years of German unification: achievements and remaining differences in mortality trends by age and cause of death. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. (2021) 64:481–90. doi: 10.1007/s00103-021-03299-9

 20. Barrett AE. Socioeconomic status and age identity: the role of dimensions of health in the subjective construction of age. J Gerontol B Psychol Sci Soc Sci. (2003) 58:S101–9. doi: 10.1093/geronb/58.2.S101

 21. Hasselhorn HM, Ebener M, Vratzias A. Household income and retirement perspective among older workers in Germany-findings from the lida cohort study. J Occup Health. (2020) 62:e12130. doi: 10.1002/1348-9585.12130

 22. Solinge H, Henken K. Living longer, working longer? The impact of subjective life expectancy on retirement intentions and behavior. Eur J Public Health. (2010) 20:47–51. doi: 10.1093/eurpub/ckp118

 23. Becker C, Kirchmaier I, Trautmann ST. Marriage, parenthood and social network: subjective well-being and mental health in old age. PLoS ONE. (2019) 14:e0218704. doi: 10.1371/journal.pone.0218704

 24. Pinquart M, Sörensen S. Influences of socioeconomic status, social network, and competence on subjective well-being in later life: a meta-analysis. Psychol Aging. (2000) 15:187–224. doi: 10.1037/0882-7974.15.2.187

 25. Tomini F, Tomini SM, Groot W. Understanding the value of social networks in life satisfaction of elderly people: a comparative study of 16 european countries using share data. BMC Geriatr. (2016) 16:203. doi: 10.1186/s12877-016-0362-7

 26. Stephan Y, Sutin AR, Terracciano A. Physical activity and subjective age across adulthood in four samples. Eur J Ageing. (2020) 17:469–76. doi: 10.1007/s10433-019-00537-7

 27. Alonso Debreczeni F, Bailey PE. A systematic review and meta-analysis of subjective age and the association with cognition, subjective well-being, and depression. J Gerontol B Psychol Sci Soc Sci. (2021) 76:471–82. doi: 10.1093/geronb/gbaa069

 28. Vitman Schorr A, Yehuda I, Tamir S. Loneliness, malnutrition and change in subjective age among older adults during Covid-19 pandemic. Int J Environ Res Public Health. (2020) 18:106. doi: 10.3390/ijerph18010106

 29. Ayalon L, Palgi Y, Avidor S, Bodner E. Accelerated increase and decrease in subjective age as a function of changes in loneliness and objective social indicators over a four-year period: results from the health and retirement study. Aging Ment Health. (2016) 20:743–51. doi: 10.1080/13607863.2015.1035696

 30. Brothers A, Miche M, Wahl H-W, Diehl M. Examination of associations among three distinct subjective aging constructs and their relevance for predicting developmental correlates. J Gerontol B Psychol Sci Soc Sci. (2017) 72:547–60. doi: 10.1093/geronb/gbv085

 31. Klaus D, Engstler H, Mahne K, Wolff JK, Simonson J, Wurm S, et al. Cohort profile: the German ageing survey (Deas). Int J Epidemiol. (2017) 46:1105-g. doi: 10.1093/ije/dyw326

 32. Infas IfaSG. Methodenbericht Deutscher Alterssurvey (Deas): Schriftliche Panelbefragung. Bonn: Institut für angewandte Sozialwissenschaft GmbH (2020).

 33. Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for depression in well older adults: evaluation of a short form of the Ces-D (center for epidemiologic studies depression scale). Am J Prev Med. (1994) 10:77–84. doi: 10.1016/S0749-3797(18)30622-6

 34. Gierveld JDJ, Tilburg TV. A 6-item scale for overall, emotional, and social loneliness: confirmatory tests on survey data. Res Aging. (2006) 28:582–98. doi: 10.1177/0164027506289723

 35. Pavot W, Diener E. Review of the satisfaction with life scale. Psychol Assess. (1993) 5:164–72. doi: 10.1037/1040-3590.5.2.164

 36. Lawton MP. The Philadelphia geriatric center morale scale: a revision. J Gerontol. (1975) 30:85–9. doi: 10.1093/geronj/30.1.85

 37. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Hillsdale, NJ: Erlbaum (1988).

 38. Foygel R, Drton M. Extended bayesian information criteria for Gaussian graphical models. In: Proceedings of the 23rd International Conference on Neural Information Processing Systems, Vol. 1. Vancouver, BC (2010). p. 604–12.

 39. Chen J, Chen Z. Extended bayesian information critera for model selection with large model spaces. Biometrika. (2008) 95:759–71. doi: 10.1093/biomet/asn034

 40. Friedman J, Hastie T, Tibshirani R. Sparse inverse covariance estimation with the graphical lasso. Biostatistics. (2008) 9:432–41. doi: 10.1093/biostatistics/kxm045

 41. Fruchterman TM, Reingold EM. Graph drawing by force-directed placement. Software Pract Exp. (1991) 21:1129–64. doi: 10.1002/spe.4380211102

 42. Epskamp S, Fried EI. A tutorial on regularized partial correlation networks. Psychol Methods. (2018) 23:617–34. doi: 10.1037/met0000167

 43. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks and their accuracy: a tutorial paper. Behav Res Methods. (2018) 50:195–212. doi: 10.3758/s13428-017-0862-1

 44. Opsahl T, Agneessens F, Skvoretz J. Node centrality in weighted networks: generalizing degree and shortest paths. Soc Networks. (2010) 32:245–51. doi: 10.1016/j.socnet.2010.03.006

 45. Hupin D, Roche F, Gremeaux V, Chatard JC, Oriol M, Gaspoz JM, et al. Even a low-dose of moderate-to-vigorous physical activity reduces mortality by 22% in adults aged ≥60 years: a systematic review and meta-analysis. Br J Sports Med. (2015) 49:1262–7. doi: 10.1136/bjsports-2014-094306

 46. Weiss D, Freund AM. Still young at heart: negative age-related information motivates distancing from same-aged people. Psychol Aging. (2012) 27:173–80. doi: 10.1037/a0024819

 47. Rickabaugh CA, Tomlinson-Keasey C. Social and temporal comparisons in adjustment to aging. Basic Appl Soc Psych. (1997) 19:307–28. doi: 10.1207/s15324834basp1903_3

 48. Ferring D. Hoffmann M. “Still the same and better off than others?” Social and temporal comparisons in old age. Eur J Ageing. (2007) 4:23–34. doi: 10.1007/s10433-007-0045-5

 49. Officer A, Schneiders ML, Wu D, Nash P, Thiyagarajan JA, Beard JR. Valuing older people: time for a global campaign to combat ageism. Bull World Health Organ. (2016) 94:710-a. doi: 10.2471/BLT.16.184960

 50. Lamont RA, Swift HJ, Abrams D. A review and meta-analysis of age-based stereotype threat: negative stereotypes, not facts, do the damage. Psychol Aging. (2015) 30:180–93. doi: 10.1037/a0038586

 51. Meisner BA. A meta-analysis of positive and negative age stereotype priming effects on behavior among older adults. J Gerontol B Psychol Sci Soc Sci. (2012) 67:13–7. doi: 10.1093/geronb/gbr062

 52. Fraser S, Lagacé M, Bongué B, Ndeye N, Guyot J, Bechard L, et al. Ageism and Covid-19: what does our society's response say about us? Age Ageing. (2020) 49:692–5. doi: 10.1093/ageing/afaa097

 53. Kornadt AE, Albert I, Hoffmann M, Murdock E, Nell J. Ageism and older people's health and well-being during the Covid-19-pandemic: the moderating role of subjective aging. Eur J Ageing. (2021) 18:1–12. doi: 10.1007/s10433-021-00624-8

 54. Terracciano A, Stephan Y, Aschwanden D, Lee JH, Sesker AA, Strickhouser JE, et al. Changes in subjective age during Covid-19. Gerontologist. (2021) 61:13–22. doi: 10.1093/geront/gnaa104

 55. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR, Salem GJ, et al. American college of sports medicine position stand. Exercise and physical activity for older adults. Med Sci Sports Exerc. (2009) 41:1510–30. doi: 10.1249/MSS.0b013e3181a0c95c

 56. Cunningham C, O' Sullivan R, Caserotti P, Tully MA. Consequences of physical inactivity in older adults: a systematic review of reviews and meta-analyses scand. J Med Sci Sports. (2020) 30:816–27. doi: 10.1111/sms.13616

 57. Keyes CL, Westerhof GJ. Chronological and subjective age differences in flourishing mental health and major depressive episode. Aging Ment Health. (2012) 16:67–74. doi: 10.1080/13607863.2011.596811

 58. Bjørkløf GH, Engedal K, Selbæk G, Kouwenhoven SE, Helvik AS. Coping and depression in old age: a literature review. Dement Geriatr Cogn Disord. (2013) 35:121–54. doi: 10.1159/000346633

 59. Schönstein A, Dallmeier D, Denkinger M, Rothenbacher D, Klenk J, Bahrmann A, et al. Health and subjective views on aging: longitudinal findings from the actife ulm study. J Gerontol B Psychol Sci Soc Sci. (2021) 76:1349–59. doi: 10.1093/geronb/gbab023

 60. Worrall C, Jongenelis MI, McEvoy PM, Jackson B, Newton RU, Pettigrew S. An exploratory study of the relative effects of various protective factors on depressive symptoms among older people. Front Public Health. (2020) 8:579304. doi: 10.3389/fpubh.2020.579304

 61. Mock SE, Eibach RP. Aging attitudes moderate the effect of subjective age on psychological well-being: evidence from a 10-year longitudinal study. Psychol Aging. (2011) 26:979–86. doi: 10.1037/a0023877

 62. Rothermund K, de Paula Couto MCP, Fung HH, Graf S, Hess TM, Liou S, et al. Age-related attributions of experienced changes in life: origins and implications. J Gerontol B. (2021) 76:881–93. doi: 10.1093/geronb/gbaa160

 63. Bodner E, Ayalon L, Avidor S, Palgi Y. Accelerated increase and relative decrease in subjective age and changes in attitudes toward own aging over a 4-year period: results from the health and retirement study. Eur J Ageing. (2017) 14:17–27. doi: 10.1007/s10433-016-0383-2

 64. Cialani C, Mortazavi R. The effect of objective income and perceived economic resources on self-rated health. Int J Equity Health. (2020) 19:196. doi: 10.1186/s12939-020-01304-2

 65. Knöchelmann A, Seifert N, Günther S, Moor I, Richter M. Income and housing satisfaction and their association with self-rated health in different life stages. a fixed effects analysis using a german panel study. BMJ Open. (2020) 10:e034294-e. doi: 10.1136/bmjopen-2019-034294

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.

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.

Copyright © 2022 Heimrich, Prell and Schönenberg. 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.












	
	ORIGINAL RESEARCH
published: 07 July 2022
doi: 10.3389/fpubh.2022.911498






[image: image2]

Afternoon Napping Durations in Chinese Population Over 60 Years Old: Longitudinal Associations With Cognitive Performance

Chao Li and Yan Yan*

Department of Epidemiology and Medical Statistics, Xiangya School of Public Health, Central South University, Changsha, China

Edited by:
Yuebin Lv, National Institute of Environmental Health, China

Reviewed by:
Ya Fang, Xiamen University, China
 Cai-Lan Hou, Guangdong Mental Health Center, China

*Correspondence: Yan Yan, yanyan@csu.edu.cn

Specialty section: This article was submitted to Aging and Public Health, a section of the journal Frontiers in Public Health

Received: 02 April 2022
 Accepted: 10 June 2022
 Published: 07 July 2022

Citation: Li C and Yan Y (2022) Afternoon Napping Durations in Chinese Population Over 60 Years Old: Longitudinal Associations With Cognitive Performance. Front. Public Health 10:911498. doi: 10.3389/fpubh.2022.911498



Introduction: Previous studies indicated inconsistent associations between daytime napping and cognitive decline. This study aimed to examine the associations between self-reported changes in napping and longitudinal cognitive performance.

Methods: A national representative sample of 4,024 participants over 60 was obtained from the China Health and Retirement Longitudinal Study from 2011 to 2018. Afternoon napping and potential factors were collected by a questionnaire. Cognitive performance was assessed on three aspects. The generalized additive models and generalized estimating equations were used to examine relationships between daytime napping and longitudinal global cognition, and generalized linear models were used to examine the longitudinal associations between change in napping at four waves and cognition in wave 4.

Results: After controlling the potential confounders, participants with afternoon napping were significantly related to better global cognition than no nappers at baseline. A change from short napping to no/long napping was associated with worse cognitive performance (β = −2.593, P < 0.001). A move from no napping to short/long napping was also associated with lower cognition scores (β = −0.694, P < 0.001). For participants with moderate napping, a >30 min increase (β = −1.558, P < 0.001) in afternoon napping was associated with worse cognitive function in wave 4.

Conclusion: We observed that adults over 60 years old with napping <30 min per day may be at lower risk of cognitive decline. Change in napping, especially a move to extreme napping would be a risk marker underlying health conditions that impact cognition or go along with cognitive decline.

Keywords: cognitive decline, afternoon napping, longitudinal association, old adults, risk


INTRODUCTION

All around the world, dementia places a large burden on both caregivers and adult patients aged over 60 years old (1). The World Health Organization suggested that the number of people living with dementia was estimated to increase to 115.4 million by 2050 (2). 13.26 percent of the total Chinese adults were over 60 years old in 2010, and it is projected to grow to 400 million by 2050 (3). Given that aging is associated with negative health outcomes including cognitive impairment and dementia (4), which would cause an increase in the population burden of disability and mortality in old people and a heavy psychosocial and economic burden for families and society (5). China bears a heavy burden of Alzheimer's disease costs, which could greatly influence the estimates of Alzheimer's disease costs worldwide (6). Additionally, there is no effective treatment for dementia, it is essential for preventive strategies (7). Since dementia has a long preclinical phase in which accelerated cognitive decline could be regarded as a key marker (8). It is of great significance for identifying the modifiable risk factors which could contribute to preventing cognitive decline. The current research focused on the prevention of cognitive decline through risk factor identification and modification, with a growing interest in sleep (9, 10).

With the advancement of age, sleep patterns and circadian rhythm change (11). The prevalence of habitual daytime napping among old adults is significantly higher than in younger individuals (12). Furthermore, afternoon napping is defined as a part of healthy life in Chinese old adults from a cultural perspective. Few studies (13–16) focused on the association between napping and cognitive decline, especially for older people, but the relationship between afternoon napping and cognition was inconsistent (17, 18). Cai et al. (19) presented that afternoon napping was related to better cognitive performance, and Lin et al. (14) indicated that short afternoon naps (<30 min per day) could be associated with better cognitive performance in old people, but Owusu et al. (13) found that afternoon napping related to poorer cognitive performance in elders. Meanwhile, only one study (15) showed that keeping the duration of napping <90 min per day was associated with better cognitive performance after 2 years of follow-up. Lack of study uses data from long follow-ups to test the effects of baseline afternoon napping duration and the changes in afternoon napping on later cognitive performance among old adults.

To extend previous work, we examined the associations of baseline afternoon napping and changes in napping duration from baseline to wave 4 with changes in cognitive function after 8 years by using the China Health and Retirement Longitudinal Study (CHARLS) datasets. According to the previous research conducted on the impacts of napping, we divided afternoon napping into four groups: no napping, short napping, moderate napping, and long napping. We hypothesized that nappers at baseline would have better cognitive performance than non-nappers over the period, moderate nappers at baseline would maintain better cognitive function over the follow-ups, and groups that became or remained non-napping, short napping, or long napping would have worse cognitive performance compared to people in moderate napping groups across the four waves. To verify the hypothesis, we used a large-scale national cohort CHARLS which was representative of Chinese over 45 years old.



METHODS

China Health and Retirement Longitudinal Study is a national cohort study that is representative of Chinese residents aged 45 and older. This study used data from Chinese adults over 60 years old from CHARLS during 2011–2018. Participants from CHARLS were randomly selected using a multistage probability sampling design and a proportional sampling method (20). CHARLS was conducted and followed up every 2 years on the Chinese residents and their families (21) through self-report questionnaires and interviews.

This present study used data from waves 1 through wave 4, conducted in 2011, 2013, 2015, and 2018. A total of 17,708 individuals were included and the response rate was 80.5% at baseline. A total of 15,788 individuals with follow-up data were collected in the second survey, 15,333 individuals collected in the third wave, and 19,817 in wave 4. The sample in this study was restricted to respondents over 60 years old at baseline, provided self-reported afternoon napping information and cognition test scores for at least one wave, and completed the four times follow-up (n = 4,024). Written informed consent was provided by each participant, and CHARLS received ethical approval from the Peking University Institutional Review Board.


Measurement


Napping

During wave1- wave4, afternoon napping duration was self-reported in face-to-face interviews without any given categories. Participants were asked to respond to the question “During the past month, how long did you take a nap after lunch (average minutes for 1 day)?” According to previous studies, we categorized afternoon napping into four groups: No napping, 0 min per day; Short napping, 0–30 min per day (not included 0 min); Moderate napping, 30–90 min per day (not included 30 min); Long napping, >90 min per day. According to Supplementary Figure 1, older adults with moderate napping had higher global cognition scores than other groups, and there is an m-shaped association between baseline napping and longitudinal global cognition scores. For participants with moderate napping at baseline were divided into five variation types: no change, decreased >0.5 h, increased >0.5 h, decreased 0–0.5 h, and increased 0–0.5 h. By using these divisions, we could explore changes in moderate napping and global cognition scores in different waves. According to the change in napping data at wave1-wave4, we defined the changes in napping for participants with no, short, and long napping duration at baseline into five categories: excessive, no change, benefit 1, benefit 2, and benefit 3 (specific definitions in the note of Table 5).



Cognition Assessments

Cognitive assessment was conducted in every wave and included memory, executive function, and orientation. The memory assessment test is comprised of the delayed and immediate word recall for 10 unrelated words. The memory score was the sum of words that were successfully recollected in the delayed and immediate word recall tasks, separately, ranging from 0 to 20. The orientation test comprised four questions regarding the date of the month, the day of the week, the month, and the year. Each correct answer counted one point. The executive function task was comprised of the serial sevens test, in which the respondent counts backward from 100 in increments of 7 (five successive counts, with one point given for each correct answer), and the intersecting pentagons copying test, in which the participants need to observe and draw a picture of two overlapping pentagons (three points were given for a successful drawing and none for an unsuccessful drawing). The executive score ranged from 0 to 8. The global cognition score was the sum of memory, executive function, and orientation scores, ranging from 0 to 32. Both the reliability and the validity of these tests have been well-documented (22, 23).



Co-variates Assessments

Potential confounders at baseline based on previous studies requiring adjustment were demographic factors, depression, chronic disease history, lifestyle behaviors, and taking tranquilizers or sleeping pills. Night sleep duration was self-reported by face-to-face interviews at each wave. Participants were asked to respond to the question “During the past month, how many hours of actual sleep did you get at night (average hours for one night)?” Ten-item Center for Epidemiologic Studies Depression Scale short form (CES-D) was used to evaluate participants' depressive symptoms (24). Each item was scored from 0 (rarely or none of the time) to 3 (most or all the time), and the total score was 30. People with a score of 12 or higher were assigned to the depressive group. Participants were asked to answer the highest level of education completed, and participants with the highest educational level under high school were divided into the low level of education group, conversely, their inclusion in the high educational level group. The history of chronic diseases collected by asking “Have you been diagnosed with a chronic disease (for example, hypertension) by a doctor?” Other details of the covariates are included in Supplementary Table 1.




Statistical Analysis

The missing data were handled with multiple imputations. Spearman's Co-efficients were used to examine the correlations between napping duration and global cognition scores at four waves. The Analysis of Variance (ANOVA) was used to compare characteristics differences within napping duration groups at baseline. The longitudinal association between baseline afternoon napping and cognitive performance over 8 years was tested by using Generalized additive models (GAMs) and Generalized estimating equations (GEE). GEE could examine between-person variation and within-person correlation of repeated outcomes and GEE is suitable for dealing with repeated measurements data from a wide range of distribution types and addresses the issue of correlation in repeated measurements data. We calculated the association between baseline afternoon napping and longitudinal global cognition by adjusting models 1–2. Besides, we defined the participants into two groups according to their afternoon napping at baseline: napping ≤1.5 h in wave 1 and napping >1.5 h in wave 1. We also applied adjusted GEEs to test the linear trend association between baseline afternoon napping and longitudinal global cognition by using the duration of the afternoon napping in the two groups, separately. Since previous studies presented that the association between night sleep duration and longitudinal global cognition was not linear, the relationship between napping and longitudinal cognitive development may also not be linear, so we chose a GAM to explore the relationship between napping and long-term cognitive performance since GAMs allow us to fit the model using a non-linear smoothing term without prior knowledge of the relationship between the dependent and independent variables. GAMs were applied to examine the association between baseline afternoon napping and cognitive performance at wave 4 by fitting a smooth spline curve. Generalized linear models (GLMs) were used to analyze relationships between changes in afternoon napping and cognitive performance by adjusted models 1–3. For participants with no, short, and long napping duration at baseline, we conducted GLMs to test the associations between changes in napping defined before and cognitive performance in wave 4, separately. However, for participants with moderate napping at baseline, we applied several GLMs to examine the relationships between changes in napping and cognitive performance on each wave. We applied GLMs to examine the associations between changes in napping between wave 1 and wave 2 and global cognitive scores in wave 2, and similar steps were conducted on data between wave 1 and wave 3, wave 1 and wave 4. We conducted a GEE which was stratified by gender to test the sensitivity. All statistical analyses were tested by SPSS 22.0 and R3.5.1. Two-tail P values < 0.05 were considered statistically significant.




RESULTS


Descriptive Statistics

After individuals without data on afternoon napping and cognitive performances were excluded, 4,024 participants were included in this study. The demographic and health characteristics of participants at baseline are shown in Table 1. The sample included 4,024 individuals over 60 years old at baseline (48.4% male), the average global cognition score was 12.37 (SD: 6.34) at baseline, and the average self-reported afternoon napping duration was 0.54 (SD: 0.71) h per day at baseline. At baseline, 16.7% of the individuals were no nappers, 25.6% were short nappers, 12.0% were moderate nappers, and 45.7% were long nappers. Participants with moderate afternoon napping were more likely to be males, to have slight BMI, to have shorter night sleep duration, and to be smokers at baseline.


Table 1. Demographic and health characteristics of the study population at baseline.
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Supplementary Table 2 shows the correlations between afternoon napping and global cognition scores. There were positive relationships between cognitive performances and napping durations during four waves. To examine the longitudinal association between baseline napping and cognitive performance at wave 4 and the associations between the changes in napping and cognitive performance at wave 4, further analyses were conducted.



Associations Between Afternoon Napping and Longitudinal Cognitive Performance

The results of GEE which examined the associations between baseline afternoon napping and longitudinal global cognition are presented in Table 2. The results of GEE showed the relationship between baseline daytime napping and longitudinal cognition domains (orientation, memory, and executive function) are shown in Table 3. Individuals with afternoon napping in wave 1 had better global cognition scores than the person who did not have afternoon napping at wave 1, as well as better scores in specific domains orientation and executive function. To be more specific, participants with short afternoon napping at baseline had better global cognition scores than people without napping and had higher scores in all three aspects. At the same time, people who had moderate afternoon napping also had higher global cognition scores due to the data from adjusted model 1.


Table 2. Associations between baseline daytime napping and longitudinal cognitive function according to generalized estimating equations (GEE).
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Table 3. Associations between baseline daytime napping and longitudinal cognitive function according to generalized estimating equations (GEE).
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Linear trends were significant due to the data of adjusted model 1. For participants whose napping was ≤1.5 h in wave 1, a shorter napping duration was associated with a lower global cognition score and the same results in all three domains, but for participants with napping >1.5 h in wave 1, a longer napping duration was related to lower global cognition score, to be more specific, longer napping duration was associated with lower executive function scores.

Supplementary Figure 1 showed the relationships between afternoon napping at wave 1 and cognitive performance at wave 4 with a non-linear curve. Supplementary Figures 1A–C visualized the results of GAM for global cognition score in wave 4. The EDF values presented a non-linear fit, and the plots indicated an inconspicuous M-shape association between afternoon napping and global cognition score in both univariable and multivariable GAMs. The highest global cognition scores at wave 4 appeared among those who had nearly 0.5- or 1.5-h afternoon napping at baseline according to the plots.



Associations Between Changes in Napping and Longitudinal Cognitive Performance


Participants With Moderate Afternoon Napping in Wave 1

The effects of changes in afternoon napping on global cognition scores at wave 2, wave 3, and wave 4 among participants with moderate afternoon napping were shown in Table 4, the descriptive results of GLMs are included in Supplementary Table 3. For people with 30–90 min of afternoon napping per day, napping decreased by >30 min per day from wave 1 to wave 2 was associated with worse cognitive performance than those who remained in the moderate afternoon napping group according to Model 1 and Model 2. For participants with moderate napping, napping decreased or increased by >30 min per day from 2011 to 2018 and was related to worse cognitive function than those of the no-change group according to Model 1. However, the results of Model 2 and Model 3 showed that napping increased by >30 min per day from 2011 to 2018 was related to worse cognitive function than those of the no-change group.


Table 4. Associations between changes in daytime napping and global cognition among participants whose napping durations were 30–90 min at baselinea.
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Participants Without Afternoon Napping, With Short or Long Afternoon Napping in Wave 1

The effects of napping changes on participants who were not in the moderate-napping group in wave 1 were studied by subgroup analyses in Table 5, and the characteristics of naptime variation grouping are presented in Supplementary Table 4. Compared with the “No change” group, the “Excessive” group had worse cognitive performance in wave 4 among participants without napping at baseline according to the results of Model 2. For participants with short afternoon napping in wave 1, people in the “Excessive” group had lower global cognition scores in wave 4 than the “No change” group according to the results of Model 1 and Model 2. However, after adjusted baseline global cognition scores, there is no significant association found between changes in napping from wave 1 to wave 4 and global cognition scores in wave 4.


Table 5. Unstandardized β Co-efficients for adjusted generalized linear models examining the relationships between variations in daytime napping and global cognition at wave 4 among participants whose napping = 0, <30 min or >90 min at baselinea.

[image: Table 5]




Sensitivity Analyses

Separate analyses were performed by gender to assess the potential differences between male and female participants on the main results. The results showed similar associations between baseline afternoon napping and cognitive function in females. However, these associations were no longer statistically significant for males (Supplementary Table 3).




DISCUSSION

In this study, we observed an m-shaped association between baseline afternoon napping and global cognition over 8 years among Chinese old people. For moderate nappers, a >30 min change in afternoon napping was significantly associated with worse cognitive function. Compared to those whose napping duration remained unchanged, a move from no napping to long/short napping was related to lower global cognition, and a move from short napping to long/no napping was also associated with worse global cognition. A change from no napping, short napping, or long napping to moderate napping had no statistically significant effect.

The results showed that participants with afternoon napping at baseline would have better cognitive performance, which is along with a study reported that napping was associated with a decreased risk of cognitive decline after both 2 and 10 years (25). To be more specific, old adults with short napping would have higher cognition scores than participants without baseline afternoon napping. A recent longitudinal study (26) also indicated that afternoon napping for fewer than 30 min benefited the cognitive function, in which afternoon napping over 120 min per day was more likely to develop cognitive impairment, which is along with our results that a longer napping duration was associated with lower global cognition score among participants with napping >90 min in wave 1. The underlying mechanism of which short napping's benefits is unclear, inflammation (27) and clearing of brain β-amyloid (28) were possible conjectures. Short napping could be of advantage in clearing brain β-amyloid by improving sleep quality since the low sleep quality is associated with brain β-amyloid burden among old adults (28). Sleep participants in the sympathetic nervous system and hypothalamus-pituitary-adrenal axis which changes the basal gene expression profile and leads to more proinflammatory skewing (29, 30). But afternoon napping is thought to be an evolved response to inflammation in particular (31). Meanwhile, napping might be neuroprotective and could slow the development of vascular and neurodegenerative pathologies, by reducing oxidative stress (32) or lowering vascular demands (33).

Changes in afternoon napping had different effects on cognitive performance for 8 years for no, short, moderate, and long nappers at baseline. For moderate nappers, a >30 min change means a move from moderate napping to extreme napping, as the previous cross-sectional study proved that, was related to an increased risk of cognitive decline (26). The possible underlying mechanism is related to altered circadian rhythm. Previous studies proved the benefit of napping on the sleep deprivation from the former night, a change in napping could reflect the change in circadian rhythm for every 24 h (34), and a bidirectional relationship between sleep duration, circadian rhythm, and cognitive function was proved by the previous analysis (35). Due to some studies, the sleep-related circadian rhythm was regarded as a risk factor associated with neurodegenerative diseases and an altered factor related to neurodegeneration, including clearance of toxic proteins, neuroinflammation, and Aβ dynamics (36). The results in the study showed that, compared with Model 2's results with adjustments of potential covariates, after adjusted potential covariates and baseline global cognition scores, moderate nappers with an increase of >30 min napping per day had lower global cognition scores in wave 4, and other changes in napping did not significantly associate with later global cognition scores. These suggest that there might be reverse causality in baseline cognition and afternoon napping. Baseline cognition could influence older adults' afternoon napping and cause the individuals' afternoon napping to increase or decrease in the following years. More studies with stronger causal arguments are needed in the future to infer whether there is a reverse causal relationship between napping and cognition in the future.

For short nappers, a move to no or long napping presented an increased risk of lower global cognition than the “no change” group. Previous studies proved that no napping or long napping had detrimental effects on cognitive performance, and short napping (<30 min per day) was a benefit for people's cognitive function (13, 25). Old adults who moved from short napping to no or long napping could be defined as a high-risk group for cognitive decline and cognitive impairment. When adjusted baseline global cognition scores, no significant association was found in Model 3. This is probably because the reverse causality existed between afternoon napping and baseline cognition among short nappers.

However, for long nappers, no significant difference was found in the effect of change in afternoon napping. People who consciously took long afternoon napping could represent a group of people with inflammation or chronic disease and unhealthy habits, who need long napping for recovering from the bad condition of their bodies. It is possible that long daytime napping is a risk marker that could reflect underlying health conditions that impact cognition. In this situation, reducing the napping duration would not be a beneficial way for them (27, 37). Meanwhile, Leng et al. (26) reported that excessive napping could be considered a robust independent early risk marker of future cognitive decline and impairment in elderly persons. The “long nappers” might be phenotyped as a “hyper somnolent” group genetically who are with more likelihood of falling asleep, so they would have higher sleep efficiency and relatively long sleep duration. This group might have common pathways to neuropsychiatric conditions at the same time.


Strength and Limitations

To our knowledge, this is the first study to test the longitudinal association between baseline napping, change in napping, and cognitive performance over 8 years, and our analysis used a large, longitudinal, and representative sample. Neurocognitive tasks used to test participants' cognitive performance were the same for every wave, which facilitated the comparing analysis across time. The robustness of the cohort with enough follow-up years and multiple confounders allows us to observe how the longitudinal relationships with adjustments.

Our study had several limitations. The results could have a selective bias since we excluded participants without finishing all the follow-ups, which could limit the representativeness of the present results. Afternoon napping was assessed by self-reported analyses in this study, and this could still cause inaccuracies by recall bias compared to objective afternoon napping durations. In our analysis, we assumed that afternoon napping which people self-reported was planned, not unconscious excessive daytime sleepiness among the old participants. However, the naps reported in our sample could be resulted from other conditions, such as excessive daytime sleepiness and sleep disturbance. We cannot adjust these possible confounders according to the absence of the measurements in CHARLS. Although we adjusted for numerous confounders in our analyses, unmeasured covariates including napping frequency and whether naps are scheduled naps might still lead to confounding bias. Besides, many potential covariates such as what kind of physical diseases participants had in the study were from subjective reports of respondents, which could result in recall bias or reporting bias. Meanwhile, the cognitive development information was tested by idiosyncratic combinations of validated cognitive tasks instead of a standardized cognitive battery, which could also result in biases. Reverse causality may exist between cognition and afternoon napping, further study with stronger causal arguments.




CONCLUSION

In conclusion, using data from a longitudinal study of large groups across multiple time points, we reaffirmed that napping could be a marker of cognition change. We observed that adults over 60 years old with napping <30 min per day may be at lower risk of cognitive decline. Old people who have changes in napping, especially a move to extreme napping, would be defined as a high-risk group of cognitive decline and cognitive impairment. This finding will be useful for doctors to provide daytime napping recommendations for old people and help clinicians to identify the old people at risk. Further prospective experimental studies with objective measurements of daytime napping are needed for exploring the effects of daytime napping on cognition and providing specific interventions with napping protocols for old adults.
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Background: Living arrangement of the elderly is one of the most important components that affect their quality of life in later years. The aging, with the phenomenon of low fertility rate and family structure transformation, has caused changes in the living arrangements of the elderly. This research aimed to find the elderly's living arrangement preferences and influencing factors.

Methods: The data were obtained from The Chinese Longitudinal Healthy Longevity Survey (CLHLS) in the 2018, and the sample was comprised of 9,638 individuals aged ≥ 60 years. Independent variables were divided into social support, health status and so-economic status. Chi-square test and binary logistic regression were used to analyze the relationship between the above variates and living arrangement preferences.

Results: Currently, in terms of living arrangement preferences, nearly half (45.6%) of the respondents choose not to live with their children. The binary model results showed that elderly who were married (OR = 0.166, 95% CI: 0.147–0.187), experienced more than 6 years of education (OR = 0.600, 95% CI: 0.517–0.695), ability of daily living (ADL) impaired (OR = 0.810, 95% CI: 0.720–0.912), suffering from multiple chronic diseases (OR = 0.803, 95% CI: 0.720–0.912), and obtained community services (OR = 0.884, 95% CI: 0.803–0.972) incline to not live with their children. The elderly who living in rural areas (OR = 1.244, 95% CI: 1.129–1.371), with an income of more than 500,000 yuan per year (OR = 1.557, 95% CI: 1.380–1.757), having children visiting regularly (OR = 1.405, 95% CI: 1.161–1.707) and receiving children's financial support (OR = 1.194, 95% CI: 1.080–1.319) are more likely to choose to live with their children.

Conclusions: This study found that the living arrangement preferences of the elderly were affected by social support and health status, and living with children is no longer the only option for the elderly these days. The elderly care services provided by communities or professional care institutions may become the mainstream of taking care of the elderly citizens in the aging society. Improving the types and forms of community nursing services to increase the accessibility of these services; setting up elderly care institutions reasonably and equipping adequate professional nursing staff should be considered as priority measures.

Keywords: elderly, social support, health status, living arrangement preference, factors, CLHLS


INTRODUCTION

Aging has become an issue that countries all over the world have to face. The United Nations predicted that one in five people will be aged 65 or older in 2050 (1). The astonishing proportion of older persons will not only bring formidable challenges to improve and maintain health systems and quality of life, but also change the dynamics of living arrangements in dramatic ways (2). Nowadays, various policies and measures to alleviate the challenges posed by aging society are being explored by many countries. Particularly, the theory of healthy aging with living arrangements as one of the components proposed by WHO, provides a theoretical basis and guidance for many countries (3, 4).

Living arrangements are defined by the composition or number of families and the identity of co-residents, and the types mainly include living with children, living with other relatives, living alone, and pension institutions (5). Globally, the proportion of elderly living alone or with only a spouse is increasing, while fewer are living with extended families. For example, living with at least one child or extended family member is the most common living arrangement for elderly in Africa, Asia, Latin America and the Caribbean. While, in Europe, North America, Australia and New Zealand, living with a spouse only was the most common living arrangement, followed by living alone (6). In general, traditional Chinese elderly are expected to live with family members, especially with their children. In fact, around 60% of the people aged 65 or above live with their children (7). However, according to the 6th Chinese Census in 2010, the elderly living alone or with their spouse accounted for more than 50% of the total elderly population; this number (the 5th Census was 38% in 2000) has risen nearly 12% in just 10 years (8). The empirical numbers of this investigation indicated that the traditional living arrangement has been transformed. The factors, including social economic development, urbanization, and the one-child policy in China, etc., are the main contributor of the rapid increase in the number of elderly households living alone or only with their spouses (9–11). Nowadays, the total number of elderly aged 60 and above in mainland China in 2020 is 264 million, accounting for 18.7% of the total population, subsequently, those who are living alone (or empty nesters) will increase to around 118 million.1 The rapid increase in the elderly will push the society to meet the challenge of providing more suitable elderly care and medical resources for the elderly. In this sense, the living arrangement of the elderly has been put a top priority of this study.

Considerable research on the living arrangements of the elderly has confirmed a series of determinants in the past decades, such as, death of spouse or other family members, economic environment, health or functional status, availability of children or relatives, etc. (12, 13). However, previous studies have mostly focused on the actual living arrangements of the elderly, and there were fewer studies on their living arrangement preferences (14). In recent years, A few studies have revealed that in developed countries, living alone or with a spouse only meets the desire for most people to live independently; in some developing countries, more and more elderly choose to live separately from their children (15). For instance, Yang's research has confirmed that independent living has become the mainstream of living arrangements for the elderly in China (16). Furthermore, studies from Asia have confirmed that the heterogeneity of the cultural basis of the living arrangements of the elderly. While, the existing considerable researches and theories supporting this field of research were based on data collected from Western countries, thus, the evidence from these studies has limitations on the fitness of non-Western societies (12).

Therefore, this study uses survey data on the Chinese Longitudinal Healthy Longevity Survey database to evaluate the relationship between individual health status, social support, personal socio-economic characteristics and the elderly's living arrangement preference. Our research mainly contributes to the relevant literature in two aspects. Firstly, this study describes the characteristics of China's housing model through the choice of the elderly's housing preferences, and fills in the gaps in the existing literature. Secondly, this research explores the relationship between living arrangements preferences and personal health, economic characteristics, and social support behaviors, providing empirical evidence for the implementation of relevant pension policies, and also providing references for other countries facing similar situations.



METHODS


Data

The data were derived from the Chinese Longitudinal Healthy Longevity Survey (CLHLS) approved by Duke University and Peking University, which is mainly to understand the health status of the Chinese elderly population. All participants signed an informed consent (17). The survey covered 23 provinces out of 31 provinces in China, and the total population of the covered area accounts for about 85% of the all population of the country, which has a good national representativeness.2 The data can be obtained through the Open Research Data Platform of Peking University (http://opendata.pku.edu.cn/). This study selected the latest survey data (N = 15,874) released in 2018. The rules for the inclusion of research subjects were as follows: Firstly, those with incomplete basic information will be eliminated; secondly, those with insufficient health status and social support information will be ignored; thirdly, missing information about preference for living arrangements will be excluded; Finally, the sample size of this study was 9,638 (Figure 1).


[image: Figure 1]
FIGURE 1. Participants' flow in the research.




Variable
 
Dependent Variable

In this study, the item “Which kind of living arrangement do you prefer?” was used as the basis for evaluating the willingness of living arrangement. The answer options for this item mainly included the following five items: living alone (or with a spouse), no matter how far away the children live; living alone (or with a spouse), but preferably living nearby; living with children; old hospital, etc.; and I don't know. In addition to the choice of living with children, we have divided the other types of living preferences into not living with children (including living alone, institutional pension, etc.), that was (0 = not living with children, 1 = living with children).



Independent Variable

The human-environment theory indicated that individuals often try to maximize the coordination between the environment and needs by changing the environment or changing his/her perception of needs (12, 18). As this ability declines, personal behavior, especially that of elderly, is more affected by external environmental factors (19, 20). Previous considerable studies have also confirmed the impact of health status and family support on the living arrangements of the elderly (13, 21).

In terms of sociodemographic characteristics, gender (1 = male, 2 = female); age (60–69, 70–79, ≥80); education level (1 = 0 years, 1 = 1–6 years; 3 = 6+years) (22); residence (1 = city/town, 2 = rural); annual family income: (1 = 0–49,999 RMB, 2 = 50,000–99,999 RMB, 3 = ≥100,000 RMB); current residence mode (1 = with family, 2 = live alone, 3 = nursing home); marital status (1 = married, 2 = unmarried, including widowed, divorced, never married, etc.).

Social support is usually defined as “support that an individual obtains through social connections with other individuals, groups, and the larger community.” It is usually divided into emotional support (referring to provide care, empathy, trust and love) and instrumental support (tangible goods, services or assistance) (23). In terms of social support, outside and family-level variables were considered. For the social support obtained at the external level, the items in the questionnaire are mainly selected related to: Do you currently have older pension insurance?/Do you currently have medical insurance? (1 = Yes, 0 = No). In addition, what social services has your community provided to you? (There are 8 types of services, including personal daily care services, home visits, psychological consulting, daily shopping, social and recreation activities, human rights consulting services, health education, neighboring relations. As long as one answer is yes, it means that you have enjoyed community services). For the support received from the family, the questionnaire items are selected: In the past year, have you received financial support from your children and grandchildren (1 = Yes, 0 = No); Did your children come to visit you? (1 = Yes, 0 = No).

Health status mainly involves self-reported health, ability of daily living (ADL) and chronic diseases (24). Self-reported health is evaluated based on the personal health status of the elderly interviewed. There were five options: very good, good, fair, poor, and very poor. We define “very good” or “good” as “good” according to the response of the respondent; “normal”; and “poor” or “very bad” as “poor”. ADL disability (lack of the ability to perform daily activities) was described as difficulties related to six items: dressing, bathing, eating, going to bed or getting up, going to the toilet, and controlling thoughts. If one of the items cannot be completed independently, it is judged as disabled (0 is defined as disability, 1 = disability). We assessed the number of chronic diseases by asking each respondent to select from a list of 25 chronic diseases (e.g., Hypertension, Diabetes, Heart disease, Stroke, cerebrovascular disease, Bronchitis, emphysema, asthma, pneumonia, Pulmonary tuberculosis, Cataracts, Glaucoma, Cancer, Prostate tumor, Gastric or duodenal ulcer, etc.). It was expressed as (1 = no disease, 2 = one disease, 3 = two or more diseases).




Analysis

The data were expressed as a percentage of the classification value. Firstly, the chi-square test was used to explore the differences between the living arrangement preferences of the elderly with different characteristics. Secondly, binary logistic regression was used to analyze and determine the relationship between social support, health status, and living arrangement preferences. According to the results of univariate analysis, gender, education level, age, marital, residence, current residence mode, and income were used as the benchmark model 1. Then, on the basis of model 1, ADL and Chronic diseases were put into Model 2. Next, based on Model 1, community services, children's financial support, children's visit were added in the Model 3. Finally, the variables included in the health status and social support were put into Model 1 to explore influencing factors of living arrangement preference. Data were expressed as OR and 95% CI. The test level was 0.05, and the p-value ≤ 0.05 was considered statistically significant. All statistical analyses were performed using SPSS25.




RESULT


The Characteristic of the Samples

The overall respondents, 4,244 (44.0%) were male, 4,658 (48.3%) have never been educated; 62.8% of the elder were 80 years old and above. The elderly in marriage accounted for 47.9% of the total; the proportion of elderly with an annual family income of <50,000 yuan has reached 57.0%. More than half of the elderly (96.4%) live with family members. There were differences in the living arrangement preferences of the elder with different gender, age, education level, residence, income, marital and current living mode (p < 0.005). Specifically, in terms of preference for living arrangements, the elderly who are female, uneducated, 80+, live in city/town, unmarried, have a family income of <50,000 yuan and live with family members, were more inclined to with children (Table 1).


Table 1. Respondents' characteristics and living arrangements preferences (N = 9,638).
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Preference for Living Arrangements of the Elderly With Different Health Conditions and Social Support

The univariate analysis revealed that five variables were related to the preference of the elderly in living arrangements (Table 2). Specifically, compared with the elderly who don't live with their children, the elderly with impaired ability of daily living choose to live with their children at a higher rate, which was 33.9%. In addition, 31.3% of the elderly suffering from one chronic disease and 36.8% with two chronic diseases chose to live with their children. Besides, the proportion of elderly who received community services, financial support, and child visitation was more likely to live with them. Chi-Square χ2 test show that the ability of daily living, chronic diseases, community services, children's financial support, and children's visits were all significantly related to the living preferences of the elderly.


Table 2. Chi-Square analysis of the living arrangement preference of the elderly with different characteristics.
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Analysis on the Influencing Factors of the Elderly's Living Arrangement Preference

In the binary regression model, the meaningful variables in the univariate analysis were incorporated into the model to further explore the factors affecting the life preferences of the elderly. The results of Model 4 revealed that the elderly who married (OR = 0.166, 95% CI: 0.147–0.187), experienced more than 6 years of education (OR = 0.600, 95% CI: 0.517–0.695), ADL disabled (OR = 0.810, 95% CI: 0.720–0.912), multiple chronic diseases (OR = 0.803, 95% CI: 0.720–0.912) and have community services (OR = 0.884, 95% CI: 0.803–0.972) were more likely to not live with their children. Conversely, living in rural (OR = 1.244, 95% CI: 1.129–1.371), with an income of more than 50,000 yuan (OR = 1.557, 95% CI: 1.380–1.757), with children visiting regularly (OR = 1.405, 95% CI: 1.161–1.707) and children's financial support (OR = 1.194, 95% CI: 1.080–1.319) were more likely to choose to live with their children (Table 3).


Table 3. The binary logistic regression analysis on the living arrangement preference of the elderly [OR (95% CI)].
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DISCUSSION

As a traditional country with family culture at its core, it is customary for Chinese seniors to live with their children when they are old in order to enjoy their twilight years. While this research has demonstrated that in the preference of living arrangements, the proportion of elderly who tend to live with their children (54.4%) and the proportion who choose not to live with their children (45.6%) (including only living with their spouse, nursing care institution, etc.) are roughly close, which is contrary to the traditional model. Similarly, the research by Qu also has revealed that the independence of Chinese elderly living is increasing, and the willingness to live with their children has shown a downward trend (25). The above-discovered trends have indicated that the traditional lifestyle with children is not as mainstream choice as before.

The reasons for this change in the elderly's live arrangements may be as follows: The evidence from China's 2018 edition of the Blue Book of Social Integration of the Floating Population Report showed that the China's floating population reached 245 million, accounting for 18% of China's total population in 2016. The post-80s floating population is the main body whose proportion is about 65% (26). The rapid socio-economic development has prompted young people to move to urban areas or cities with better urban economic development to find jobs and a better life, which makes the elderly have to live separately from their children (10, 27). Besides, the Chinese government has also promulgated a series of policies, such as community care; integrated medical care; smart pension; and long-term pension insurance. Moreover, it's also actively setting up considerable elderly care institutions and accelerating the training of professional nursing staff. These measures have broadened the forms and channels of care, and the elderly are no longer limited to living with their children in order to obtain necessary life care.

In addition, not only China, but other countries are also facing such a change. Previous researches have also confirmed that in developed and some developing countries, the elderly are more willing to choose to live separately from their children (15, 28). Hence, in the context of severe global aging, it's important for all countries to foresee the changes in the living arrangements of the elderly.


Social Support With Living Arrangement Preference

This study indicated that the elderly who have received community services tend not to live with their children. Generally, the types of community services mainly include life support, medical services, spiritual comfort and other services. It's a consensus that family medical services in China have become more convenient for the elderly. When the elderly don't live with their children, some basic services to maintain their daily lives could be provided by the community, which can avoid the adverse effects due to lack of care from family members. Usually, family health services are mainly provided by community health service centers (29). Studies have shown that the high availability of community family health services provides the elderly with basic nursing services and meets their needs (30). In addition, some health policies provided by the community have indeed improved the convenience and success rate of medical treatment, and improved people's health (31, 32). These favorable conditions guarantee basic medical needs for the elderly, thus they could choose not to live with their children.

Research also suggested that the preference of the elderly who have children to provide financial support, children to visit regularly, or live in rural areas are more likely to live with their children. Firstly, influenced by the traditional Chinese Confucian culture, it's customary for the youngster to care and support the older family members, especially their patents. The degree of this concept is even more profound (7, 23). Secondly, while health-related resources and pension resources in rural areas are scarce, increasing age leads to the decline of personal physical functions, and the elderly still need to rely on the economic and daily help provided by their children to maintain their life (33). Besides, by obtaining financial and emotional support from their children, the elderly not only have better financial ability to obtain health-related resources to maintain healthy, but also the opportunity to actually live in the caring and loving family as a whole. In such a more harmonious family environment, the elderly will be more willing to live with their children. Apart from getting family care for the elderly themselves, they could also be of great help within their capacity, such as looking after grandchildren, cooking and cleaning etc. (28).



Health Status With Living Arrangement Preference

In terms of living arrangements and health status, this study has provided evidence that elderly with multiple physical disabilities and impaired activities of daily living prefer not to live with their children. Similarly, research on the elderly in Japan has also found that the deterioration of health conditions has increased the possibility that the elderly in Japan to switch from living with their children to living with their spouse only or living alone (12). In a traditional family-oriented culture, for many Chinese elderly, the social network of the elderly is family-centric, and children play an important role, which is their important spiritual support (6, 34). Nevertheless, this type of living arrangement preference isn't permanent. As proposed by Zhou, Z, the poor health will indeed lead to changes in living arrangements (35). With deteriorating health conditions, elderly will be needing more specialized care or treatment from professional medical institutions. The current medical-care which integrates elderly care model provided by relevant medical institutions or nursing homes meets the needs of these elderly. Furthermore, as the body function declines, elderly will inevitably lead to soaring demand for long-term care (4).

For Chinese elderly, long-term care is mainly provided through informal care arrangements, for instance co-residence with their children (36, 37). However, youngster nowadays tend to be turning away from their hometown to seek better lives in big cities like Beijing, Shanghai or Shenzhen; and all of that resulted in the insufficiency of free family care (27, 38). Moreover, the number of community service agencies and facilities in China has shown an overall upward trend. The coverage of comprehensive service facilities in urban communities was 92.9%, and 59.3% in rural communities (39). Furthermore, 38,000 elderly care institutions and 8.238 million elderly care service beds can be provided in 2020 (40). Hence, when the physical condition of the elderly gradually deteriorates, the preference of housing arrangements may gradually shift to nursing institutions. On one hand, shifting to nursing institutions create a considerable relief of burden for the children, on the other hand, living in nursing facilities could guarantee their medical needs, hence, ensure their healthiness.



Other Factors

Factors such as being married, 6 years of education and above, and family income above 50,000 yuan per year were also found to be related to the preference of the elderly's living arrangements. Usually, those who live with their spouse are better able to cope with poor health and maintain their current living arrangements (41). What's more, the elderly with higher socioeconomic status choose not to live with their children, which can avoid potential intergenerational conflicts with the family and enjoy better quality of life (10). In addition, research has revealed that home care in China is increasingly expanding to elderly parents who cannot provide care but are able to purchase it. Such elders usually want to avoid causing trouble to their children and seek better institutional care than can be provided at home (42). Finally, for the elderly with higher family income, a better economic foundation provides a strong guarantee for them to obtain relevant health resources, which in turn makes their health conditions better. People usually think that adult will take care of their elderly parents, but in reality, parents actually provide more help than they get (43). Therefore, the healthy elder were more likely to live with their children in order to provide some assistance in daily life (28).

There are some strengths and limitations in the present study. The advantage of this study is that it examines the living arrangement preferences and influencing factors of the elderly in China from the perspective of individual subjective willingness, which has reference significance for countries that are also facing the dilemma of aging. However, constrained by the CLHLS data structure, we failed to provide more detailed information about community services, social support, living arrangement preferences in the elderly. Moreover, the cross-sectional data were insufficient to demonstrate causality. Subsequent research can further analyze the living arrangement preferences of the elderly on this basis.




CONCLUSION

This research has demonstrated that social support and health status play an important role in the living arrangement preferences of the elderly. Since the impact of the transformation of family structure, social culture, and socio-economic development, the mode of living for the elderly has gradually shifted from living with children to autonomous home-based elderly care, which means that the living arrangements for the elderly will be less dependent on their children. Following are some suggestions that can be adopted. Firstly, advocate the intergenerational living model of “divide without separation”. By learning from the housing preferential policies of Singapore, Japan and other countries, encourage children or family members to live near the elderly, continue to play an important role in informal support, and provide life care and spiritual comfort for the elderly; Secondly, improve developmental family support policies (e.g., establish a caregiver allowance system). Moderate inclusive benefits to solve various practical difficulties encountered by family members in the process of caring for the elderly, to ensure the sustainability of family care; Thirdly, with the help of modern advanced technology, build a smart elderly care service system, so as to provide personalized elderly care service packages for the elderly at home, such as daily life care, medical care services and other high-quality services.
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Objectives: Health-related physical-fitness (HRPF) involves multi-components of physical functional tests and is reported to be associated with the risk of fall. The study sought to determine whether specific physical fitness components were stronger predictors of falls among elderly people.

Methods: This prospective cohort study involved 299 community residents age ≥60 years from Shanghai, China. The baseline data included comprehensive assessment of sociodemographic, clinical, and HRPF test. Subjects were followed for 1 year and were contacted by telephone to report falls. LASSO regression and Multivariate regression analysis were used to identify risk predictors of fall. In addition, we used receiver operating characteristic (ROC) curve analyses to determine whether the predictors have diagnostic.

Results: During the 1-year prospective fall assessment, 11.7% of these subjects experienced one or frequent falls. LASSO models revealed that age (=0.01) and 8-ft up-and-go test score (=0.06) were positively associated with falls, while activity-specific balance confidence (ABC; = −0.007) and 2-min step test score (= −0.005) were inversely related. The Area Under roc Curve (AUC) for a linear combination of age, ABC scale score, 2-min step test and 8-ft up-and-go test was 0.778 (95% confidence interval: 0. 700–0.857), which was superior to any of the variables taken alone.

Conclusion: Age, activity-specific balance confidence and fitness abnormalities were determined to contribute to the incident of falls. The value of 2-min step test score, and 8-ft up-and-go test score were the key HRPF components in predicting falls among elderly people.

Keywords: LASSO, elderly, falls, community, prospective study, health-related physical fitness


INTRODUCTION

Falls are a major public-health concern and considered as the second-leading cause of death from accidental injuries. Every year, an estimated 684,000 fatal falls occur, especially among the elderly, who are at high risk of falling (1). The consequences in frail elderly patients are often severe, especially hip fractures, which have profound effects on health-related quality of life and activities of daily living (ADL) in both male and female (2). In addition, the physical, psychological, and social outcomes after an elderly person falls are known to be poor, and increased fear of falling (FOF) is an independent risk factor for a subsequent fall (3, 4). Efficient fall prevention strategies are as important as the treatment of fall injuries in community-living older adults. To improve fall prediction, the assessment and detection of relevant factors are needed.

Activity limitation, altered consciousness, health condition, and environmental hazards are the most consistently reported risk factors for falls (5, 6). For the community-dwelling elderly, management recommendations of falls are increasingly emphasizing physical fitness as an important treatment target (7, 8). Health-related physical fitness (HRPF) as a component of physical fitness, includes eight items of quick and objective physical function test (9). It is indicated that the progressive loss of HRPF lead to increased risk of fall and physical inactive (7). However, it is unclear which key measures of HRPF could efficiently benefit for the fall prevention of older adults.

Although most descriptive and retrospective studies positively support older adults at higher risk of falls with worse HRPF outcomes (10–13), prospective evidence more rigorous and scientific for the HRPF at predicting falls among community-dwelling elderly is less clear. The previous prospective studies used logistic-regression models, Pearson's correlation coefficient (PCC), or covariate-adjusted regression models to analyze the correlation between falls and HRPF (14–17). Traditional regression techniques have practical limitations in analyzing multicollinear variables, which can cause fluctuations in the regression results and poor model stability. The Least Absolute Shrinkage and Selection Operator (LASSO) is a data analysis method that generally be utilized for risk factors selection and help to reduce multicollinearity of regression models. By introducing a penalty term in the model, unimportant regression coefficients are compressed to zero, and higher model prediction accuracy and generalization ability can be obtained at the cost of a certain estimation deviation (18, 19).

Currently, numerous studies have demonstrated an association between HPRF and fall risk. In view of multi-components trait of HPRF, evidence supporting its effectiveness in fall prediction remains ambiguous. Therefore, we conducted this prospective cohort study to explore the relationship between HRPF and falls, and evaluate the prognostic value of HRPF for fall prediction in the elderly via LASSO logistic regression.



METHODS


Study Design and Participants

We conducted a 12-month prospective cohort study at the Gaoqiao community in Shanghai, China. Community-dwelling adults over the age of 60 years were eligible for study if they were clear consciousness and had no communication disorders. Exclusion criteria were: (1) severe cardiopulmonary dysfunction, (2) musculoskeletal diseases, (3) neurological dysfunction such as sensory impairment or motor paralysis; and (4) cognitive or psychological impairment.

A baseline examination of 405 elders from June to September 2019 comprised of a physical examination, structured interview and HRPF test. Eighty-five subjects were excluded according to the exclusion criteria. The remaining 320 subjects were followed for 1 year and were contacted by telephone to specify the reported falls. Two hundred ninety-nine subjects (93.4%) completed the follow-up observation and were included in the present analysis. Detailed information of the study population is provided in Figure 1. The study was approved by the Ethics Committee at Shanghai Seventh People's Hospital (Number 2018-IRBQY-013) and was conducted in accordance with the Declaration of Helsinki.


[image: Figure 1]
FIGURE 1. Flowchart of the study.




Measurements
 
Basic Characteristics

Demographic details including age; sex; BMI; smoking and drinking histories; and histories of hypertension, diabetes, stroke, and fractures were collected. We measured BMI using the InBody 720 body composition meter (InBody Co., Ltd, Seoul, Korea) and the bioresistance method. Before being measured, all subjects were instructed to have an empty stomach or to wait at least 2 h after a meal, to not refrain from urinating or defecating, and to not have performed moderate to high-intensity exercise within the previous 12 h.



Health-Related Physical Fitness
 
Activity-Specific Balance Confidence (ABC)

The ABC scale was designed to assess balance confidence in older adults. It asks participants to assess their confidence in keeping their balance without falling during 16 increasingly difficult activities, such as standing on a chair and walking up an icy sidewalk (20). Total score ranges from 0 to 100; the higher the score, the greater the participant's confidence in maintaining stability. Many studies have shown the ABC scale to have good reliability and utility as an independent predictor of falls in the community-dwelling elderly (20, 21).



Time “Up-and-Go” Test (TUGT)

This test is commonly used to examine functional mobility, balance, and fall risk. Subjects wear their regular footwear and use their customary walking aids (none, cane, or walker). With their walking aids at hand, they begin seated in a standard armchair (46-cm seat height) with their arms on the chair arms. They are told that at the word “start,” they are to stand up, walk 3 m away at a comfortable and safe pace, turn around, return to their chairs, and then sit down again. Elapsed time is recorded, and walking speed is calculated in ms (22).



Handgrip Strength (HGS)

This test is used as general muscle strength evaluation. We tested the subject's handgrip strength while seated in a stiff and stable straight-back chair with the subject's shoulder adducted and in a neutral position, the elbow flexed at 90 degrees, and the lower arm and wrist in a neutral position. The arm was not supported by a table, arm rest, or pillows. We showed the subject how to properly use the dynamometer before he performed the hand grip test. Subjects use the dominant hand to grip the grip dynamometer while seated. Over a period of 3 s, subjects were asked to increase their grip force from rest to maximal and maintain this force for 5 s. During measurement, the upper arm is kept close to the torso and the forearm perpendicular to the upper arm. Three measurements were taken, and the maximum value (in kg) was used (23).



30-s Chair Stand (30-CS) Test

This test provides a valid and reliable measurement of a person's lower-limb muscle strength. The patient sits in a straight-backed armchair without leaning into the back, with feet shoulder width apart on the floor, arms crossed in front of the chest, and each hand on the opposite shoulder to ensure that no additional assistance is needed. After hearing the start instruction, the patient must rise completely and then return to the sitting position. The total number of attempts to complete this exercise within 30 s is recorded. If the patient has stood up when time is called, it is counted as one time (24).



30-s Arm Curl (30-AC) Test

This test is used to measure upper-body endurance. Participants are seated in hard upright chairs with their backs straight and feet flat on the floor. The weight used for female is a 5-lb. (2.3-kg) dumbbell, for male an 8-lb. (3.6-kg) dumbbell. The weight is held in the dominant hand, perpendicular to the floor. Participants are asked to curl the weight by flexing their elbow while turning the palm of their hand toward their shoulder. At the “go” signal, participants should do as many elbow flexion movements as possible in 30 s (25).



2-min Step Test

This test is used to measure aerobic endurance. While standing upright, the subject raises each knee to the midpoint of the connection between the patella and the anterior superior patella. The number of knee lifts within 2 min is recorded.



Sit-and-Reach (SR) Test

This test measures participants' flexibility. Subjects sit on a mat with both legs straightened out before them and feet flat against a test plate. Then, the arms are brought together and extended, the upper limbs are bent forward, and the middle finger and fingertips of both hands smoothly forward until it can no longer move.



Back Scratch (BS) Test

This test is used to assess upper-body flexibility. While standing upright, subjects stretch one hand down across their shoulders and extend the other hand from behind the waist. The distance between their two middle fingers is measured in cm.



8-ft Up-and-Go Test

The result of this test is a dynamic indicator of functional performance, gait speed, and balance. Before the test, subjects stand behind the starting line. They are then asked to walk 2.4 m at their fastest possible speed in their usual footwear. Distance is marked using red tape on the floor. The digital stopwatch starts when the participant starts walking and stops when their forward foot crosses the finish line (26).




Definition of Fall

After HRPF measurements, individuals were followed up for about 1 year, during which they self-reported any falls. A fall was defined as an accident that causes a person to inadvertently lie on the floor or other lower level (1).




Statistical Analysis

We conducted all statistical analyses using SPSS version 24.0 (IBM Corp., Armonk, NY, USA) and R software version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria). For continuous variables, normality data was expressed as mean ± standard deviation (SD), and a two-sample independent t-test was used for comparison between groups. Non-normally distributed data was represented by the median ± quartile interval, and the Mann–Whitney U-test was used for comparisons between groups. For count data, we used the chi-square test for intergroup comparisons.

We used the “glmnet” package to perform the LASSO regression analysis. In order to fit the excellent model better, we evaluated the performance of LASSO regression using 10-fold cross-validation approach. R package will automatically produce two λ-one is the minimum binomial deviation, and the other is the maximum λ which is still within one standard error of the minimum binomial deviation. We choose the latter λ (λ = 0.0111; Figure 2) because it can give us a more parsimonious model. Finally, variables with non-zero regression coefficients were included in the final model. Furthermore, we drew a receiver operating characteristic (ROC) curve according to the variable screening results of LASSO regression to confirm the effectiveness of fall predictions. First step in multivariate receiver operating characteristic curve analysis was to run a logistic regression to save the predicted probabilities. Using this saved probability as an indicator, we then tested whether the Area Under the Curve (AUC) for the combined variables was significantly better than any of the variables alone. A value of p-value < 0.05 was considered statistically significant.


[image: Figure 2]
FIGURE 2. Texture feature selection using the least absolute shrinkage and selection operator (LASSO) binary logistic regression model. (A) Tuning parameter (λ) selection in the LASSO model used 10-fold cross-validation via minimum criteria. Dotted vertical lines were drawn at the optimal values by using the minimum criteria and the 1 standard error of the minimum criteria (the 1-SE criteria). A λ value of 0.0111, with log (λ),−4.4982 was chosen (1-SE criteria) according to 10-fold cross-validation. (B) LASSO coefficient profiles of the 12 texture features. A coefficient profile plot was produced against the log (λ) sequence. Vertical line was drawn at the value selected using 10-fold cross-validation, where optimal one resulted in 4 nonzero coefficients.





RESULTS

Of the 299 subjects, 29.10% were male and the average age was 67.16 ± 6.81 years. The most frequent comorbidity was hypertension (46.15%), followed by Diabetes (19.40%). During the 1-year follow-up, a total of 35 (11.7%) subjects had reported the incident of fall. Demographic details are shown in Table 1. The comparison between groups indicated that age was significantly higher in subjects with self-reported falls (p < 0.05). However, no significant difference was founded in gender, BMI, smoking and drinking history and disease history (all p > 0.05).


Table 1. Demographic details in participants with and without self-reported falls.

[image: Table 1]

HRPF parameters of the two groups were presented in Table 2. In contrast, subjects with fall incident were more likely to have lower ABC score and poorer results of HRPF, including TUGT, 30-AC test, 30-CS test, 2-min step test, SR test and 8-ft up-and-go test (all p < 0.05). These results indicated that the fallers might have worse functional walking ability and limb endurance and strength. In addition, the comparison of HGS score and BS test score showed no statistical significance between groups (p > 0.05).


Table 2. HRPF indicators in participants with and without self-reported falls.

[image: Table 2]

In Table 3, LASSO logistic regression results showed that the four variables, age, ABC, 2-min step, and 8-ft up-and-go remained in the model and contributed to self-reported falls. Specifically, age (β = 0.01) and 8-ft up-and-go test (β = 0.06) were positively associated with falls, while ABC (β = −0.007) and 2-min step (β = −0.005) were inversely related to falls. In the model, the intercept was −2.25.


Table 3. The estimated coefficients for LASSO regression between sex, age, BMI, and HRPF variables with self-reported falls.

[image: Table 3]

Figure 2 shows the results of the 13 variables included in the LASSO regression and the corresponding λ coefficients of various penalty parameters. As λ = 0.0111, only four variables were retained in the model, which might have the greatest impact on self-reported falls. Specifically, age, ABC, 2-min step, and 8-ft up-and-go tests were the largest signal in the model.

The results of the multivariate logistic regression analysis further confirmed that increasing age (odds ratio [OR] = 1.35, 95CI%: 1.19–3.07) and the level of 8-ft up-and-go test (OR = 1.12, 95CI%: 1.03–1.32) were significant risk factors for fall (p < 0.05; Table 4). In terms of the ABC scale score, subjects with each 100 points higher scores had a 11% lower risk of fall (OR = 0.89, 95CI%: 0.72–0.96). The increasing level of 2-min step test indicted better aerobic endurance. The risk of fall decreased with the increase in 2-min step test levels. The predictive model was: Logit (fall) = −3.61166 + 0.07004*age – 0.03686*ABC – 0.01178*2-min step test + 0.11151*8-ft up-and-go test.


Table 4. Logistic regression model for risk factors associated with fall.

[image: Table 4]

Each of these was tested using ROC curve analysis with all 299 subjects. As shown in Figure 3, the AUC of predictors were: 8-ft up-and-go test [AUC = 0.728, 95% confidence interval (CI): 0.636–0.820], Age (AUC = 0.718, 95% CI: 0.628–0.808), ABC (AUC = 0.689, 95% CI: 0.595–0.784), 2-min step test (AUC = 0.632, 95% CI: 0.521–0.744). For multivariate receiver operating characteristic curve analysis, we first conducted a logistic regression to save the predicted probabilities. By using this saved probability as an indicator, the linear combination of the above 4 risks have been tested whether the resulting AUC is better than any of the risks taken alone. As showed in Figure 3, the linear combination of the risks resulted in an AUC of 0.778 (95% CI: 0.700–0.857, sensitivity was 0.829, and specificity was 0.636), which was superior to any of the variables taken individually.


[image: Figure 3]
FIGURE 3. Colored lines represent receiver operating characteristic (ROC) curves of each variable for the prediction of fall events. 8-ft up-and-go test (AUC = 0.728, 95% confidence interval (CI): 0.636–0.820), Age (AUC = 0.718, 95% CI: 0.628–0.808), ABC (AUC = 0.689, 95% CI: 0.595–0.784), 2-min step test (AUC = 0.632, 95% CI: 0.521–0.744). Black line represents ROC curves of LASSO regression with the above four variables for the prediction of fall events. AUC = 0.778, 95% CI: 0.700–0.857.




DISCUSSION

In this study, we performed a HRPF-based screening of health and physical fitness status in 299 community-dwelling older adults. During the 1-year prospective fall assessment, 11.7% of these subjects experienced one or frequent falls. The incident of falls was associated with a lower walking speed and deteriorate lower limbs strength and agility as indicating by the baseline HRPF parameters. The results of LASSO and multi-regression models revealed that age, ABC scale score, specific HRPF components (including 2-min step test and 8-ft up-and-go test) were the main predictors of falls in elderly community residents. A combined assessment of these indicators may contribute to an early detection of falls.

Falls and fall-related injuries are significant health issue in the elderly population. It is reported that about one-third of people aged 65 and older fall at least once a year (27). The elders with bone and joint diseases or impaired consciousness have higher incidence of falls (28–30). In this cohort, ~12% of subjects reported fall event during the 1-year observation. This rate is relatively low compared to other prospective studies (31, 32). The baseline assessment had excluded the older people who had impaired physical mobility and health-related inactivity. Therefore, the participants in this study were physically and socially active, maintaining average levels of capacities and independence. Even the eldest participants had performed and completed the HRPF test. This might explain some inconsistency with results of other studies.

By multiple regression analysis, we demonstrated that age was an independent risk factor for falls. This result is consistent with most of other researches (33). It is well established that aging is associated with functional inefficiency and physical inactivity (34). In particular, people age ≥65 years are five times more likely to fall than younger people (35). This can be attributed to the decline in physical fitness and in psychological and cognitive function as well as the increase in comorbidities caused by age (35–38). Balance confidence is also closely related to fall risk in the elderly (39). Moderate-quality evidence indicates that the ABC scale has sufficient relevance in measuring balance confidence (40). Studies have demonstrated that ABC scores are significantly lower in fallers than in non-fallers during the 3 months preceding assessment (41). Indeed, recent evidence-based studies have shown that elderly people who have experienced accidental falls can develop FOF (42, 43), which is significantly associated with falls during the previous month (OR = 2.29, 95CI%: 1.78–2.95) (44). In addition, compared with objective functional performance, balance confidence seems to be more critical to fall risk (45). Therefore, caregivers should pay attention to balance confidence when caring for the elderly in the community.

HRPF has been proposed as a major marker of health status. The measurements of HRPF involves cardiovascular endurance, muscular strength, flexibility and agility (46). As a multi-components health-related indicator, HRPF usually consists of a set of structured, repetitive physical functional tests. In the baseline assessment, we had observed a total of eight functional fitness tests (i.e., TUGT, HGS, 30-CS, 30-AC, 2-min step test, SR, BS, and 8-ft up-and-go test). Considering the significant multicollinearity among these variables, a LASSO regression model was used for further data analysis. The results showed that 2-min step test score and 8-ft up-and-go test score were independent predictors for the risk of falls. Two-minute step test is one of alternatives for measuring the level of aerobic endurance. Ho et al. (47) evaluated cutoff thresholds for the association between physical performance and fall risk in elderly residents the Taipei City community, and revealed that <92 steps on the 2-min step test should be considered to indicate low cardiorespiratory fitness and could be used to identify the main target group at risk of falling.

The 8-ft up-and-go test measures speed, agility and balance while moving, and is regarded as a modified version of the TUGT. TUGT is a commonly used screening tool to assist clinicians to identify patients with mobility dysfunctions. Some recent studies suggested that the 8-ft up-and-go test was more feasible for use in a home setting, and has been identified as a superior predictor of fall among older people (11). In rheumatoid arthritis patients, Wilkinson et al. (48) reported that the 8-ft up-and-go test is the most appropriate measure of objective physical function. In this study, we found that the 8-ft up-and-go test, instead of TUGT, were significant predictors for falls in the LASSO analysis. Based on these results, we suggest that 2-min step test and 8-ft up-and-go test should be used in preference to other HRPF measures, for the prediction of falls. Moreover, the AUC for a linear combination of age, ABC score, measures of 2-min step test and 8-ft up-and-go test was superior to any of the variables taken alone. This result indicated that a combined assessment of these indicators may contribute to an early prevention of fall among the elderly.

Some limitations of this study should be mentioned. First, all observational studies are susceptible to residual confounding, unmeasured confounding, and measurement error. Second, falls were self-reported, and, as a result, the outcomes may be influenced by recall bias. Besides, the inclusion of baseline variables in this study was limited, so the four risk factors for falls in the results have certain limitations. The baseline variables can be expanded for further study. Finally, this was a single-center analysis with a possible sample bias. In the future, more multi-center studies with larger sample sizes and more baseline variables are required in this regard.



CONCLUSIONS

In conclusion, we showed that LASSO regression could be a feasible option for narrowing and interpreting the role of a variety of health-related physical fitness measures and their relationships to falls in the elderly. We established fall-related factors including age, ABC, 2-min step test score, and 8-ft up-and-go test score. The results of our shrinkage analyses also showed a potential role of lower-limb muscle strength in the occurrence of falls, but this still needs to be confirmed in other prospective studies. Using statistical models to identify elderly people at high risk of falls could enabler faster predictions and possible interventions, which could lead to more-accurate health care and improve patient prognosis.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee at Shanghai Seventh People's Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

HD: writing-most of manuscript. HW: writing-part of the manuscript, data curation and processing. YB, YL, and XX: data collection and follow-up. JW: software, writing—review and editing, and supervision. XW: methodology, writing—review and editing, and supervision. All authors contributed to the article and approved the submitted version.



FUNDING

This study were funded by the National Natural Science Foundation of China (No. 71904127), Shanghai Municipal Commission of Health and Family Planning (No. 202150007), and Shanghai Pudong New District's National Traditional Chinese Medicine Development Comprehensive Reform Pilot Zone Construction Project (PDZY-2019-0501).



ACKNOWLEDGMENTS

The authors express their sincere gratitude to all the staffs in this survey for their important contribution. We thank LetPub (www.letpub.com) for its linguistic assistance during the preparation of this manuscript.



REFERENCES

 1. World Health Organization. Fact sheets: Falls. Available online at: https://www.who.int/news-room/fact-sheets/detail/falls (accessed November 14, 2021).

 2. Orive M, Aguirre U, García-Gutiérrez S, Las Hayas C, Bilbao A, González N, et al. Changes in health-related quality of life and activities of daily living after hip fracture because of a fall in elderly patients: a prospective cohort study. Int J Clin Pract. (2015) 69:491–500. doi: 10.1111/ijcp.12527

 3. Visschedijk J, Achterberg W, Van Balen R, Hertogh C. Fear of falling after hip fracture: a systematic review of measurement instruments, prevalence, interventions, and related factors. J Am Geriatr Soc. (2010) 58:1739–48. doi: 10.1111/j.1532-5415.2010.03036.x

 4. van der Vet PCR, Kusen JQ, Rohner-Spengler M, Link BC, Houwert RM, Knobe M, et al. Fear of falling, recurrence of falls, and quality of life in patients with a low energy fracture—part II of an observational study. Medicina. (2021) 57:584. doi: 10.3390/medicina57060584

 5. Valdés-Badilla P, Ramirez-Campillo R, Herrera-Valenzuela T, Branco BHM, Guzmán-Muñoz E, Mendez-Rebolledo G, et al. Effectiveness of olympic combat sports on balance, fall risk or falls in older adults: a systematic review. Biology. (2022) 11:74. doi: 10.3390/biology11010074

 6. Jehu DA, Davis JC, Falck RS, Bennett KJ, Tai D, Souza MF, et al. Risk factors for recurrent falls in older adults: a systematic review with meta-analysis. Maturitas. (2021) 144:23–8. doi: 10.1016/j.maturitas.2020.10.021

 7. Valdés-Badilla PA, Gutiérrez-García C, Pérez-Gutiérrez M, Vargas-Vitoria R, López-Fuenzalida A. Effects of physical activity governmental programs on health status in independent older adults: a systematic review. J Aging Phys Act. (2019) 27:265–75. doi: 10.1123/japa.2017-0396

 8. Zhong D, Xiao Q, Xiao X, Li Y, Ye J, Xia L, et al. Tai Chi for improving balance and reducing falls: an overview of 14 systematic reviews. Ann Phys Rehabil Med. (2020) 63:505–17. doi: 10.1016/j.rehab.2019.12.008

 9. Purath J, Buchholz S W, Kark D L. Physical fitness assessment of older adults in the primary care setting. J Am Acad Nurse Pract. (2009) 21:101–7. doi: 10.1111/j.1745-7599.2008.00391.x

 10. Singh DK, Pillai SG, Tan ST, Tai CC, Shahar S. Association between physiological falls risk and physical performance tests among community-dwelling older adults. Clin Interv Aging. (2015) 10:1319–26. doi: 10.2147/CIA.S79398

 11. Zhao Y, Chung PK. Differences in functional fitness among older adults with and without risk of falling. Asian Nurs Res. (2016) 10:51–5. doi: 10.1016/j.anr.2015.10.007

 12. Song CY, Tsauo JY, Fang PH, Fang IY, Chang SH. Physical fitness among community-dwelling older women with and without risk of falling-the Taipei Study, Taiwan. Int J Environ Res Public Health. (2021) 18:7243. doi: 10.3390/ijerph18147243

 13. Toraman A, Yildirim NU. The falling risk and physical fitness in older people. Arch Gerontol Geriatr. (2010) 51:222–6. doi: 10.1016/j.archger.2009.10.012

 14. Cöster M E, Karlsson M, Ohlsson C, Mellströmet D, Lorentzon M, Ribom E, et al. Physical function tests predict incident falls: a prospective study of 2969 men in the Swedish Osteoporotic Fractures in Men study. Scand J Public Health. (2020) 48:436–41. doi: 10.1177/1403494818801628

 15. Orwoll ES, Fino NF, Gill TM, Cauley JA, Strotmeyer ES, Ensrud KE, et al. The relationships between physical performance, activity levels, and falls in older men. J Gerontol A Biol Sci Med Sci. (2019) 74:1475–83. doi: 10.1093/gerona/gly248

 16. Kamitani T, Yamamoto Y, Fukuma S, Ikenoue T, Kimachi M, Shimizu S, et al. Association between the discrepancy in self-reported and performance-based physical functioning levels and risk of future falls among community-dwelling older adults: the locomotive syndrome and health outcomes in Aizu Cohort Study (LOHAS). J Am Med Dir Assoc. (2019) 20:195–200. doi: 10.1016/j.jamda.2018.09.009

 17. Company-Sancho MC, Alonso-Poncelas E, Rich-Ruiz M, Cidoncha-Moreno MÁ, Gonzalez-Pisano A, Abad-Corpa E. The relation between functional performance, falls and previous falls among participants in the otago programme: a secondary data analysis. Int J Environ Res Public Health. (2021) 18:6501. doi: 10.3390/ijerph18126501

 18. Lee S, Kwon S, Kim Y. A modified local quadratic approximation algorithm for penalized optimization problems. Comput Stat Data Anal. (2016) 94:275–86. doi: 10.1016/j.csda.2015.08.019

 19. McEligot AJ, Poynor V, Sharma R, Panangadan A. Logistic LASSO regression for dietary intakes and breast cancer. Nutrients. (2020) 12:2652. doi: 10.3390/nu12092652

 20. Powell LE, Myers AM. The Activities-specific Balance Confidence (ABC) Scale. J Gerontol A Biol Sci Med Sci. (1995) 50A:M28–34. doi: 10.1093/gerona/50A.1.M28

 21. Finch E. Physical Rehabilitation Outcome Measures: A Guide to Enhanced Clinical-Decision-Making. Hamilton: Canadian Physiotherapy Association (2002).

 22. Podsiadlo D, Richardson S. The timed ‘Up & Go’: a test of basic functional mobility for frail elderly persons. J Am Geriatr Soc. (1991) 39:142–8. doi: 10.1111/j.1532-5415.1991.tb01616.x

 23. Roberts HC, Denison HJ, Martin HJ, Patel HP, Holly S, Cyrus C, et al. A review of the measurement of grip strength in clinical and epidemiological studies: towards a standardised approach. Age Ageing. (2011) 40:423–9. doi: 10.1093/ageing/afr051

 24. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in community-residing older adults. Res Q Exerc Sport. (1999) 70:113–9. doi: 10.1080/02701367.1999.10608028

 25. Senior's Arm Curl Test. Available online at: https://exrx.net/Calculators/SeniorArmCurl (Accessed March 7, 2022).

 26. Allali F, El Mansouri L, Abourazzak Fz, Ichchou L, Khazzani H, Bennani L, et al. The effect of past use of oral contraceptive on bone mineral density, bone biochemical markers and muscle strength in healthy pre and post menopausal women. BMC Womens Health. (2009) 9:31. doi: 10.1186/1472-6874-9-31

 27. Gill T, Taylor AW, Pengelly A. A population-based survey of factors relating to the prevalence of falls in older people. Gerontology. (2005) 51:340–5. doi: 10.1159/000086372

 28. Muhammad T, Maurya P, Sharma P. Prevalence and correlates of bone and joint diseases and its association with falls among older adults in India: evidence from LASI, 2017-18. Geriatr Nurs. (2021) 42:1143–50. doi: 10.1016/j.gerinurse.2021.07.007

 29. Muraki S, Akune T, Oka H. Physical performance, bone and joint diseases, and incidence of falls in Japanese men and women: a longitudinal cohort study. Osteoporos Int. (2013) 24:459–66. doi: 10.1007/s00198-012-1967-0

 30. Chang WP, Jen HJ. A retrospective, matched case-control study on the risk factors of falls and varying severities of fall-related injuries in inpatients. J Patient Saf. (2022) 18:9–15. doi: 10.1097/PTS.0000000000000787

 31. Yang R, Pepper GA. Is fall self-efficacy an independent predictor of recurrent fall events in older adults? Evidence from a 1-year prospective study. Res Nurs Health. (2020) 43:602–9. doi: 10.1002/nur.22084

 32. Sasidharan DK, Vijayakumar P, Raj M, Soman S, Antony L, Sudhakar A, et al. Incidence and risk factors for falls among community-dwelling elderly subjects on a 1-year follow-up: a prospective cohort study from Ernakulam, Kerala, India. BMJ Open. (2020) 10:e033691. doi: 10.1136/bmjopen-2019-033691

 33. Bergen G, Stevens MR, Burns ER. Falls and fall injuries among adults aged ≥65 years - United States, 2014. MMWR Morb Mortal Wkly Rep. (2016) 65:993–8. doi: 10.15585/mmwr.mm6537a2

 34. Amaral Gomes ES, Ramsey KA, Rojer AGM, Reijnierse EM, Maier AB. The Association of objectively measured physical activity and sedentary behavior with (instrumental) activities of daily living in community-dwelling older adults: a systematic review. Clin Interv Aging. (2021) 16:1877–915. doi: 10.2147/CIA.S326686

 35. Alabdullgader A, Rabbani U. Prevalence and risk factors of falls among the elderly in Unaizah City, Saudi Arabia. Sultan Qaboos Univ Med J. (2021) 21:e86–93. doi: 10.18295/squmj.2021.21.01.012

 36. Lord SR, Menz HB, Tiedemann A. A physiological profile approach to falls risk assessment and prevention. Phys Ther. (2003) 83:237–52. doi: 10.1093/ptj/83.3.237

 37. Hong G R S, Cho S H, Tak Y. Falls among Koreans 45 years of age and older: incidence and risk factors. J Adv Nurs. (2010) 66:2014–24. doi: 10.1111/j.1365-2648.2010.05384.x

 38. Abou L, Peters J, Wong E, Akers R, Dossou MS, Sosnoff JJ, et al. Gait and balance assessments using smartphone applications in Parkinson's disease: a systematic review. J Med Syst. (2021) 45:87. doi: 10.1007/s10916-021-01760-5

 39. Almajid R, Goel R, Tucker C, Keshner E. Balance confidence and turning behavior as a measure of fall risk. Gait Posture. (2020) 80:1–6. doi: 10.1016/j.gaitpost.2020.05.020

 40. Soh SL, Lane J, Xu T, Gleeson N, Tan CW. Falls efficacy instruments for community-dwelling older adults: a COSMIN-based systematic review. BMC Geriatr. (2021) 21:21. doi: 10.1186/s12877-020-01960-7

 41. Abasiyanik Z, Kahraman T, Ertekin Ö, Baba C, Özakbaş S. Prevalence and determinants of falls in persons with multiple sclerosis without a clinical disability. Mult Scler Relat Disord. (2021) 49:102771. doi: 10.1016/j.msard.2021.102771

 42. Murphy J, Isaacs B. The post-fall syndrome. A study of 36 elderly patients. Gerontology. (1982) 28:265–70. doi: 10.1159/000212543

 43. Tinetti ME, Powell L. Fear of falling and low self-efficacy: a case of dependence in elderly persons. J Gerontol. (1993) 48:35–8. doi: 10.1093/geronj/48.Special_Issue.35

 44. Chen WC Li YT, Tung TH, Chen C, Tsai CY. The relationship between falling and fear of falling among community-dwelling elderly. Medicine. (2021) 100:e26492. doi: 10.1097/MD.0000000000026492

 45. Riandini T, Khoo EYH, Tai BC, Tavintharan S, Phua MSLA, Chandran K, et al. Fall risk and balance confidence in patients with diabetic peripheral neuropathy: an observational study. Front Endocrinol. (2020) 11:573804. doi: 10.3389/fendo.2020.573804

 46. Todde F, Melis F, Mura R, Pau M, Fois F, Magnani S, et al. 12-Week vigorous exercise protocol in a healthy group of persons over 65: study of physical function by means of the senior fitness test. Biomed Res Int. (2016) 2016:7639842. doi: 10.1155/2016/7639842

 47. Ho HH, Fang IY Yu YC, Huang YP, Kuo IL, Wang LT, et al. Is functional fitness performance a useful predictor of risk of falls among community-dwelling older adults? Arch Public Health. (2021) 79:108. doi: 10.1186/s13690-021-00608-1

 48. Wilkinson TJ, Lemmey AB, Clayton RJ, Jones JG, O'Brien TD. The 8-foot up and go test is the best way to assess physical function in the rheumatoid arthritis clinic. Rheumatol Adv Pract. (2017) 2:rkx017. doi: 10.1093/rap/rkx017

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.

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.

Copyright © 2022 Duan, Wang, Bai, Lu, Xu, Wu and Wu. 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.












	
	TYPE Original Research
PUBLISHED 19 July 2022
DOI 10.3389/fpubh.2022.897691






Threshold effects of body mass index on cognitive function and heterogeneity by sex and cardiovascular risk factors

Young-Joo Kim1 and Hyun-E Yeom2*


1Department of Economics, Hongik University, Seoul, South Korea

2Department of Nursing, Chungnam National University, Daejeon, South Korea

[image: image2]

OPEN ACCESS

EDITED BY
Yao Yao, Peking University, China

REVIEWED BY
Y. Selvamani, International Institute for Population Sciences (IIPS), India
 Youngki Shin, McMaster University, Canada

*CORRESPONDENCE
 Hyun-E Yeom, yeom@cnu.ac.kr

SPECIALTY SECTION
 This article was submitted to Aging and Public Health, a section of the journal Frontiers in Public Health

RECEIVED 16 March 2022
 ACCEPTED 28 June 2022
 PUBLISHED 19 July 2022

CITATION
 Kim YJ and Yeom HE (2022) Threshold effects of body mass index on cognitive function and heterogeneity by sex and cardiovascular risk factors. Front. Public Health 10:897691. doi: 10.3389/fpubh.2022.897691

COPYRIGHT
 © 2022 Kim and Yeom. 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.



Background: Disclosing the underlying relationship between body mass index (BMI) and cognitive decline is imperative for cognitive impairment prevention and early detection. Empirical studies have indicated the risk of abnormal BMI leading to cognitive impairment. However, the relative risk of underweight or overweight on cognitive function is obscure. This study investigated the asymmetric causal effect of BMI on cognitive decline below and above an unknown threshold and the heterogeneity in the threshold level and the magnitude of the threshold effect due to sex and cardiovascular risk factors.

Methods: This study used 2010–2018 panel data from the Korean Longitudinal Study of Aging that assessed sociodemographic and health-related trends in Korean middle-aged to older population. A generalized method of moments estimator of the panel threshold model was applied to estimate the potential nonlinear pattern between BMI and cognitive function.

Results: There was a threshold effect in the relationship between BMI and cognitive function. An increase in BMI below the threshold was associated with higher cognitive function, whereas a further increase in BMI above the threshold led to cognitive decline. The nonlinear pattern between BMI and cognitive function differed by sex and cardiovascular risk appearing more distinctively within men or the cardiovascular risk group.

Conclusions: The detrimental impact of being underweight or overweight on cognitive function is heterogeneous by sex or cardiovascular risk. For obese men or individuals with cardiovascular risk factors, maintaining adequate BMI should be highlighted to help prevent cognitive decline.
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Introduction

Owing to the growing population of older adults worldwide, maintaining mental health in the aging population has become a priority. Cognitive impairment, including dementia, is a critical condition that threatens the quality of later life and increases the societal burden on long-term caregiving. According to a recent report by the World Health Organization (1), approximately 5% of the older adult population worldwide in 2015 was affected by dementia. Moreover, East Asian countries are rapidly transitioning to an aging society. As a result, they have been recognized as facing increasing trends in the prevalence of people living with cognitive impairments (2). For example, in Korea, the prevalence of dementia among adults aged 65 and older was 4.8% in 2010 and 8.1% in 2015, which increased to 11.2% in 2019 (3).

Numerous studies provide evidence on the link between body mass index (BMI) and cognitive function, mainly focusing on the elevated risk of cognitive decline from obesity. A longitudinal study by Gunstad et al. (4) found that individuals with higher BMI presented more deficient cognitive capabilities in memory, language, and global cognitive function. In addition, recent longitudinal studies (5, 6) revealed the long-term deleterious impact of obesity on cognitive function with evidence of a greater risk for dementia in later life for people who were obese in midlife. However, many other studies report the reverse relationship between BMI and cognitive function, indicating the uncertain and ambiguous relationship for their link. For instance, some studies (7–9) found that higher BMI, even above the obesity cutoff, was associated with a lower risk of cognitive decline, particularly in late-life, not midlife people. Other studies (9–11) found that long-term measures of BMI outside the normal range indicated by being either obese or underweight were associated with lower cognitive function in later life.

Furthermore, previous research notes that the influence of BMI on cognitive function varies according to underlying health conditions and non-modifiable factors (e.g., age and sex). Specifically, the detrimental effect of obesity significantly emerges in the population with cardiovascular diseases (CVD), including type 2 diabetes, hypertension, heart disease, or cerebrovascular disease [e.g., (12–17)]. Additionally, a considerable number of studies found sex-related differences in the impacts of BMI changes across diverse age groups on the accelerated decline in cognitive function (18–21).

The seemingly contradicting findings across studies calls for a more sophisticated approach that considers not only observable and unobservable individual-level variations, such as comorbid health conditions and sex but also a potential nonlinear relationship between BMI and cognitive function. Thus, this study employed a new approach to obtain a complete picture of the underlying relationship between BMI and cognitive function. The new approach achieves the following. First, it controls for unobservable confounding factors by eliminating constant individual characteristics over time using longitudinal data from middle-aged to older adults. Second, it allows for a BMI threshold point, at which the effect of BMI on cognitive function changes.

In summary, we aimed to derive the causal effect of BMI on cognitive function, focusing on differences in how cognitive function evolves over BMI below and above an unknown BMI threshold point. In addition, we examined potential heterogeneity in the threshold effect by checking whether the relational patterns between BMI and cognitive function differed by sex and CVD risk factors and how the threshold point varied across groups.



Methods


Data source and sample

This study employed eight-year panel data derived from the Korean Longitudinal Study of Aging (KLoSA). The KLoSA participants include Korean adults aged 45 and over, randomly selected using a regionally stratified approach to ensure national representation. The KLoSA was constructed to explore socioeconomic, health-related trends, and other dimensions of a rapidly changing society with an aging population, mainly covering seven topics: demographics, family, health, employment, income, assets, subjective expectations, and quality of life. The KLoSA surveys have been conducted biennially through computer-assisted personal interviews, which allow tracing the characteristics of participants from baseline over time. The KLoSA data were de-identified and are publicly available through public repositories (https://survey.keis.or.kr/eng/klosa/klosa01.jsp). For the current study, we extracted eight-year panel data of the KLoSA 2010–2018 that include adults (N = 4,848; Men = 2,070; Women = 2,778) who had not been medically diagnosed with dementia as the target population.



Measures

BMI was calculated based on weight (kg) and height (m) using the formula (kg/m2). Cognitive functioning was measured using the Korean version of the Mini-Mental State Examination (MMSE). The MMSE is a fundamental tool globally validated and used to screen for cognitive impairment, including dementia and mild cognitive impairment. The MMSE comprises 11 items addressing seven sections, including orientation of time, place, and person, memorization, attention and calculation, recall, language, and visual construction. A score was summed for each section, ranging from 0 to 30, with higher scores indicating better cognitive function. The MMSE score for normal cognitive function is 24 or above, and a score of 17 or less is considered a risk factor for dementia.

We classified the CVD risk factor group as individuals with hypertension, diabetes, heart disease, or cerebrovascular disease. Considering potential confounding factors affecting the relationship between BMI and cognitive function, we controlled for sociodemographic characteristics, including age, annual household income, and marital status (i.e., whether currently married and living with a spouse). We included an additional set of covariates reflecting health-related behavioral factors, which included the essential skills for managing fundamental physical needs in daily living, measured using the activities of daily living (ADL) checklist. Other covariates were general health status, social interactions focusing on the monthly frequency of regular meetings with friends, and physical activity regarding engagement in regular exercise (yes or no).



Statistical model and estimation methods

We employed the first-differenced generalized method of moments (GMM) estimator of the panel threshold model developed by Seo and Shin (22) as an alternative approach to the conventional least squares estimator of the linear regression model. The panel threshold model allows for a change in the relationship between BMI and cognitive function at a certain threshold point rather than imposing a single relationship as in the linear model. Hence, the threshold analysis verifies any nonlinear relationship between BMI and cognitive function by detecting different effects of BMI above and below the BMI threshold. The first-differenced GMM estimator is a GMM analysis after the first-difference transformation in the panel framework. Thus, we can explicitly control for individual time-invariant characteristics associated with BMI and cognitive function in estimating the relationship between BMI and cognitive function. Additionally, this approach is useful for evaluating an underlying threshold point wherein the relationship between BMI and cognitive function may change, as it also estimates the unknown threshold point.

The panel threshold model of this study is as follows:

[image: image]

We picked the 3rd, 5th, and 7th surveys from an eight-year period, 2010–2018, of the KLoSA. Therefore, we refer to these survey points as t = 3, 5, and 7. For an individual i at each period t (t = 3, 5, 7), yit is MMSE score, and x1it through xkit are time-varying individual characteristics associated with cognitive function. ωi is an individual fixed effect considered constant over time, and εit is an error term. γ is an unknown BMI threshold. Hence, for BMI below the threshold, ϑ is the BMI effect on cognitive function, and for BMI equal to and above the threshold, ϑ+δ is the total effect with the additional BMI effect δ. We impose the kink specification of (BMIit − γ)1{BMIit ≥ γ} to ensure that the change in BMI effect occurs continuously across the BMI threshold.

The estimation procedure is as follows. First, we format the dataset into a panel framework, stacking individual characteristics by time and removing all individuals with missing observations to derive balanced panel data. Second, we use the STATA command “xthenreg” developed by Seo et al. (23), which implements the first-differenced GMM estimator originally proposed and developed by Seo and Shin (22). Using this command, we specify BMI as a threshold variable and determine the covariates. Third, between continuous and discontinuous changes in the BMI impact at an unknown threshold, we choose a kink option for a continuous change in the BMI impact at the threshold. Fourth, we use a static model rather than the default dynamic model, as we do not consider lagged cognitive function as an explanatory variable. Finally, the GMM estimation with the first-difference transformation is implemented through the “xthenreg” command to estimate the unknown threshold (γ) and the BMI effects below the threshold (ϑ) and above the threshold (ϑ + δ).

For comparison, we also present the estimated BMI effects from two linear models: pooled OLS and fixed effects estimators. The pooled OLS is a conventional least squares method applied to panel data ignoring the panel setup. The fixed effects estimator is a linear regression approach accounting for individual time-invariant characteristics (i.e., fixed effects) with individual-specific time-demeaning. We are able to control for omitted variables that vary across individuals but do not change over time with fixed effects estimator. For example, gender and genetic factors are likely associated with both BMI and cognitive function but are constant over time. These individual's constant characteristics will be controlled for by individual-specific demeaning from the estimation model (1). The panel threshold estimation method is a more general model that takes account of individual's constant characteristics and incorporates nonlinearity in the BMI impact.



Ethics approval and consent to participate

The surveys of the KLoSA were carried out after acquiring written informed consent from participants, and all procedures were conducted under relevant guidelines and regulations to protect the participants' anonymity. The current study received approval from the Institutional Review Board of Chungnam National University (No. 202111-SB-246-01).




Results


Descriptive characteristics of the sample

Table 1 presents the descriptive characteristics of the variables for each survey year used in this study. About 42.7% of the sample is men and 57.3% is women. The average MMSE score was 26.3 in 2010 and gradually decreased to 25.1 in 2018. However, the average BMI was stable at 23.4 over the 8-year survey period. Social interaction and physical activities were reduced over time as the monthly frequency of meeting friends and the proportion of individuals doing regular exercise decreased by 15 and 8%, respectively. In addition, the proportion of individuals who perceived good health changed from 37.6 to 26.05% between 2010 and 2018, respectively. For the same periods, the proportion of individuals who lived with a married spouse changed from 83 to 76%.


TABLE 1 Descriptive characteristics of the KLoSA participants.
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Comparison of BMI effects on cognitive function by cross-sectional, longitudinal, and threshold estimation approaches

As a preliminary examination, we illustrate the relationship between cognitive function and BMI with measures from 2018. We first regress MMSE scores with covariates listed in Table 1 and plot the residuals of MMSE against BMI for men and women, respectively in Figures 1, 2. In addition to the scatterplot of MMSE and BMI, we present fitted lines from the kink regression of MMSE on BMI. We can see that BMI is positively associated with MMSE for BMI up to the threshold, and then the relationship turns negative for BMI greater than the threshold. Other than the fitted lines, there is also heterogeneity in the variation of MMSE scores according to BMI. For BMI greater than a certain threshold, variation of MMSE scores becomes smaller.


[image: Figure 1]
FIGURE 1
 Scatterplot of MMSE scores vs. BMI among men with a fitted regression line. Notes: Each dot shows an individual's MMSE score residual and BMI for men in 2018. The solid line is the kink regression line fitted to capture the nonlinear relationship between MMSE and BMI.



[image: Figure 2]
FIGURE 2
 Scatterplot of MMSE scores vs. BMI among women with a fitted regression line. Notes: Each dot shows an individual's MMSE score residual and BMI for women in 2018. The solid line is the kink regression line fitted to capture the nonlinear relationship between MMSE and BMI.


Using the full sample, we employ the panel threshold method to formally account for unobserved individual's time-invariant characteristics and other confounding factors that are associated with cognitive function and BMI. We also adopt the pooled OLS and the linear panel fixed effects estimator for comparison.

Table 2 provides the estimated BMI effects on cognitive function according to the three approaches. First, the estimated impact of BMI on cognitive function from pooled OLS regression was statistically significant, demonstrating that a one-unit increase in BMI was associated with an increase in cognitive function score by 0.061. For pooled OLS, we also controlled for gender and years of education in addition to other time-varying regressors as presented in the last two rows. Second, the regression model based on the fixed effects method revealed a statistically significant impact of BMI on cognitive function. The estimated coefficient indicates that a one-unit increase in BMI is associated with an increase in cognitive function by 0.077.


TABLE 2 BMI effect on cognitive function in linear and non-linear models.
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Lastly, the results of the panel threshold method present a different picture from those of the two linear model estimators. The estimates in column 3 show a nonlinear relationship between BMI and cognitive function with an estimated BMI threshold of 23.2. BMI is positively associated with cognitive function, such that a one-unit increase in BMI is associated with a 4.4 higher score of cognitive function. However, a further increase in BMI above the estimated threshold adds an impact of −8.0 to the initial impact of 4.4, resulting in an overall negative BMI impact on cognitive function. Notably, the BMI threshold of 23.2, as well as the BMI impacts below and above the threshold are significantly different from zero, supporting the notion of nonlinearity between BMI and cognitive function.



Heterogeneous impacts of BMI on cognitive function by sex and CVD risk factors

Next, we divided the sample by sex and the presence of CVD risk factors to explore the relationship between BMI and cognitive function in a more homogenous group. Table 3 displays the effects of BMI on cognitive function according to sex and CVD risk factors. The upper panel shows the estimation results based on sex. The first row shows significant BMI threshold points for men and women, respectively. However, the BMI effects listed in the second and third rows present different patterns of BMI impact by sex.


TABLE 3 Threshold effect of BMI on cognitive function by groups.
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The nonlinear relationship between BMI and cognitive function with a change in the BMI impact across the threshold point was clearly observed among men. A one-unit increase in BMI was positively associated with cognitive function (ϑ = 3.186,***p < 0.01) up to the BMI threshold (γ = 23.68,***p < 0.01). A further increase in BMI above this threshold was negatively associated with cognitive function (δ = -6.772, p < 0.01). For women, the threshold point was statistically significant (γ = 22.937,***p < 0.01), but both the BMI effects above and below the threshold were negligible.

When the sample was divided by CVD risk factors in the lower panel of Table 3, a statistically significant nonlinear impact of BMI emerged among those with CVD risk factors. The estimates in the next two rows show that the nonlinear BMI effect is evident only in the CVD risk group, although BMI threshold points were estimated from each subsample of the CVD risk group (γ = 23.657,***p < 0.01) and no-CVD risk group (γ = 20.889,***p < 0.01). For the CVD risk group, a one-unit increase in BMI up to the threshold (γ = 23.657) is positively associated with cognitive function (ϑ = 4.260,***p < 0.01). A further increase in BMI above the threshold has an additional BMI impact (δ = −7.879,***p < 0.01) on cognitive function, resulting in an overall negative BMI impact on cognitive function. In contrast, such a significant BMI impact, either linear or nonlinear, was not observed in the no-CVD risk group.



The joint impact of sex and CVD risk factors in the relationship between BMI and cognitive function

The empirical findings of the relationship between BMI and cognitive function considering the combined effects of sex and CVD risk factors are displayed in Table 4. Briefly, there were nonlinear relationships between BMI and cognitive function with a significant BMI threshold (γ) for men in general and specifically for CVD risk groups of men and women.


TABLE 4 Threshold effect of BMI on cognitive function by sex and CVD risk groups.
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For men, the nonlinear relationship remains statistically significant regardless of the CVD risk factors. An increase in BMI was associated with higher cognitive function up to the threshold value (ϑ = 3.857, p < 0.05 for CVD risk group, ϑ = 2.890, p < 0.05 for non-CVD risk group). A further increase in BMI beyond the threshold was associated with decreased cognitive function (δ = −6.777 for CVD risk, δ = −3.560 for the no-CVD risk group).

For women, the nonlinear BMI effect on cognitive function was found only among those with CVD risk factors. An increase in BMI up to the threshold of 23 was associated with an increase in cognitive function (ϑ = 3.595, p < 0.1). However, a further increase in BMI entails a decrease in cognitive function (δ = −5.540, p < 0.01), resulting in an overall reduction in cognitive function. For women without CVD risk factors, the BMI effect was small and not statistically significant below and above the estimated threshold of 24.

When we focus on the CVD risk group, the BMI effect below the threshold is similar across men and women, but the size of the negative impact above the threshold is larger for men than women. In the group with no-CVD risk factors, significant BMI effects emerged only among men.

Another notable point from Table 4 is that in the CVD risk group, the BMI threshold was about 23 for both men and women; (γ = 23.319, p < 0.01) for men and (γ = 23.009, p < 0.01) for women. The BMI threshold is consistent between men and women once we focus on the group with CVD risk factors. In contrast, the BMI effect changes at a lower threshold for men without CVD risk factors (γ = 21.008, p < 0.01).




Discussion

Identifying criterion factors linked to cognitive function is crucial for early detection and prevention of cognitive decline in an aging population. This study investigated the long-term relationship between BMI and cognitive function over 8 years, considering possible differences in the impact by sex and CVD risk factors. As a new approach, this study applied a panel threshold estimation method for detecting potential nonlinear and heterogeneous effects of BMI on cognitive function. Additionally, it estimated both the way how the impact of BMI on cognitive function changes across a certain BMI threshold and the unknown threshold.

This study makes a novel contribution to the literature by noting that the impact of BMI on cognitive function in middle-aged to older Koreans changes at a certain threshold point. That is, there is a nonlinear relationship between BMI and cognitive function. An increase in BMI was associated with higher cognitive function up to the estimated threshold. On the contrary, above the threshold, a further increase in BMI led to cognitive decline.

The significant effects of BMI observed in men or individuals with CVD risk factors on cognitive function align with previous studies reporting the relative risks on cognitive function among the elderly. For example, cognitive impairment has been documented to be more prevalent among individuals with various CVD risk factors, including type 2 diabetes (15), metabolic syndrome (13), or the accumulation of several risk factors (14, 17). Additionally, the impact of obesity on cognitive function was observed with a notably larger impact for men with hypertension (12).

After establishing that CVD risk factors are critical elements associated with cognitive decline, this study further extends the literature by demonstrating the nonlinear relationship between BMI and cognitive function among men and women with CVD risk factors. Furthermore, the sex-related difference in the risk of cognitive decline resulting from a change in BMI demonstrates that both men and women are likely to have cognitive decline due to an increase in BMI above the threshold, particularly in the presence of CVD risk factors.

This study also contributes to the literature by addressing the contradictory findings on the estimated link between BMI and cognitive function. Previous studies examining the aging population documented both BMI's protective and adverse impacts on cognitive function. Some studies found a protective effect of BMI increase on cognitive function (6, 24). In contrast, other studies found unfavorable, mixed, or no significant impact of BMI increase for different BMI ranges (25, 26). The findings of heterogeneous BMI effects varying by BMI value indicate the presence of asymmetric effects of BMI rather than a single impact in either the positive or negative form. Our findings support the vital role of BMI in cognitive function over the life course of older adults in the early stages of cognitive decline or preclinical dementia.

Finally, the estimated BMI threshold points, at which the adverse effects of BMI on cognitive function occurred, were around 23 for most groups. This threshold value corresponds to the cutoff point for evaluating obesity in the Korean population. As the findings were derived from longitudinal data of a nationally representative aging population, the discovery supports the obesity classification based on 23 by providing further evidence that BMI ≥ 23 is a valid gold standard for assessing obesity and classifying the most at-risk group of men and women vulnerable to cognitive decline and other related health problems in middle-aged to older Koreans.

This study has several implications. First, the significant impact of BMI on cognitive function derived from longitudinal data following individuals over 8 years showed that both protective (BMI ≤ threshold) and detrimental (BMI ≥ threshold) impacts of BMI can occur at all stages of mid to late-life depending on the BMI range. Second, this study identified those more vulnerable to cognitive decline from a change in BMI. Finally, our findings indicate that secure monitoring of BMI is more critical for men than women to avoid cognitive decline from an increase in BMI above the threshold.

In addition to the strengths discussed thus far, this study has limitations. First, we measured cognitive function with the MMSE. However, further analysis with specific domains of cognitive function, including memory and language skills, would be informative for drawing a detailed picture of the impact of BMI on cognitive decline. Second, despite the panel analysis, the study sample is from an 8-year observation among Koreans. For the generalizability of findings to global populations, further examination based on the threshold approach is needed using international samples. Third, this study considered a CVD risk factor as a health-related indicator that could affect the relationship between BMI and cognitive function. Although we adjusted for various confounding factors linked to comorbidity, further study with biomedical characteristics (e.g., blood pressure, glucose level) is suggested for early detection of individuals at higher risk of cognitive decline.



Conclusion

Prevention and early detection of cognitive decline are critical concerns in the era of growing elderly population. This study identified threshold points of BMI where the impact of BMI on cognitive function changed and showed that the effects of BMI on cognitive function were different below and above the threshold, particularly for men or individuals with CVD risk factors. The findings from this study highlight useful assessment of BMI for groups of individuals who face higher risk of cognitive decline from a change in BMI above the threshold. Further investigation from worldwide global data is warranted to extend our findings across diverse ethnic and sociocultural groups.
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Purpose: This article was designed to provide critical evidence into the relationship between ambient temperature and intensity of back pain in people with lumbar disc herniation (LDH).

Methods: Data concerning patient's age, gender, diagnostic logout, admission time, discharge time, residence area, and work area (residence area and work area were used to ensure research area) from 2017 to 2019 were obtained from the Neck-Shoulder and Lumbocrural Pain Hospital in Jinan, China. A total of 1,450 hospitalization records were collected in total. The distributed lag non-linear model (DLNM) was used to evaluate the relationship between lag–response and exposure to ambient temperature. Stratification was based on age and gender. Days 1, 5, 20, and 28 prior to admission were denoted as lags 0, 5, 20, and 28, respectively.

Results: An average daily temperature of 15–23°C reduced the risk of hospitalization the most in men. Conversely, temperatures <10°C drastically increased hospitalization in men, particularly in lags 0–5 and lags 20–28. Men aged between 40 and 50 years old showed less effect in pain sensation during ambient temperature.

Conclusion: High or low ambient temperature can increase the hospitalization risk of LDH, and sometimes, the temperature effect is delayed.

Keywords: ambient temperature, chronic disease, unhealthy habits, low back pain, lumbar disc herniation, distributed lag linear and non-linear models


INTRODUCTION

Low back pain (LBP) is a common disease among the middle-aged and elderly population that disrupts daily living (1, 2). It is often caused by muscle overuse and strain or repetitive injury sustained over a period of time. There are two types of LBP, namely, acute and chronic. Most cases that last for <3 months are considered acute; however, cases that persist for longer than 3 months are considered to be chronic. The prevalence of LBP generally increases with age. However, alarming reports show a growing trend of LBP in all age groups. It is reported that ~15–20% of adults experience back pain in a single year and 50–80% experience at least one episode of back pain in their lifetime (3). A survey among a university population in south China revealed that about 731/3,770 (19.39%) of all participants, particularly women, experienced chronic LBP (4). LBP combined with lower limb pain accounted for about 2/3 of patients who sought treatment for LBP in hospital, most of which was caused by lumbar disc herniation (LDH). Based on these statistics, LBP is increasingly recognized as a serious worldwide public health concern. LBP is prone to recurrence, and poor treatment effect will seriously affect patients' daily work and life, limit their participation in activities, and cause great burden on society and family (5). It is reported that people with LBP have an increased incidence of psychological morbidity. Bletzer et al. found that significantly different depression scores were reported for people with LBP compared to a healthy control group (6). In addition, LBP was shown to be strongly associated with insomnia (7) and produce neurological symptoms like radicular pain, radiculopathy, and lumbar spinal stenosis (8, 9). As a result, LBP has become one of the leading causes of disability in most countries and age groups (8). Worse yet, a 2018 study predicted that the upward trend of LBP prevalence and disability seen in the past 25 years will likely continue with the rise in the aging population (10).

It is, therefore, crucial to identify the causal factors for lower back pain. Previous studies have suggested some association between ambient temperature and the sensitivity and intensity of pain (11–13). A recent research conducted by Ziadé et al. found that pain was associated negatively with temperature, and a drop of 10°C in ambient temperature corresponded to an increase of 0.5 points on the pain numerical scale, which means temperature could explain 22% of pain variance (14). In contrast, related molecular biology experiments also revealed there is a relationship between ambient temperature and pain. The transient receptor potential (TRP) channel, ubiquitous in all cells (15, 16), regulates the permeability of cations like Ca2+ and Na+ and mediates sensory signal transmission, including that of temperature and pain (17). The TRP family members TPRV1, TPRV3, TPRV4, TRPM8, and TRPA1 are widely expressed in the dorsal root ganglion and skin where the sensations of temperature and pain are received and translated into physiological signals (18–20).

Therefore, given the high incidence of LBP and the harm it causes, it is important to figure out the risk factors for its acute exacerbation. The primary purpose of this article was to determine the working relationship between temperature and intensity of back pain in people with LDH in Jinan, China.



METHOD

The following information, from the year 2017 to 2019, was collected from the Neck-Shoulder and Lumbocrural Pain Hospital in Jinan, China: patient's age, gender, diagnostic logout, admission time, discharge time, residence area, and work area (residence area and work area were used to ensure research area). A total of 3,550 records were collected in total. The data inclusion criteria were (1) people residing in Jinan (Figure 1) and (2) people diagnosed with LDH. After critical review, 1,450 hospitalization records on patients with LDH were used for the study. Temperature data from the same period were obtained from the Shandong Environmental Protection Department.


[image: Figure 1]
FIGURE 1. Location of research area.


Distributed lag non-linear model (DLNM), a widely employed model used to evaluate the relationship between lag–response and exposure to ambient temperature, was used in this study. It describes the associations by plotting potentially non-linear and delayed effects in a time series (21–23). The DLNM is presented as follows:

[image: image]

where Log[.] is the connected function, E(y) is the number of hospitalizations, α is the constant term, Temperature is the daily average temperature, time is the time variable, ns(.) is the natural cubic splines, df is the freedom of degree (time, 2; humidity, 3), DOW is the day of the week, and Holiday is the holiday variable. Previous studies have demonstrated a lag effect of temperature on people's health (24, 25). For this study, a lag effect of daily average temperature was considered. For convenience of expression, the day of patient admission was named as lag 0, and the first day before admission was denoted as lag 1; similarly, the 28th day before admission was denoted as lag 28. Stratification was based on age and gender. All the statistical analyses mentioned above were conducted using the RStudio software.



RESULT


Descriptive Analysis Results

The daily average temperature and relative humidity in Jinan between the years 2017 and 2019 are summarized in Table 1. The maximum and minimum daily average temperatures were 33.4 and −9.1°C, respectively. The study had a near equal number of men (747 or 51.5%) and women (703 or 48.5%). The age distribution was as follows: age < 30 = 7%, 30 ≤ age < 40 = 13%, 40 ≤ age < 50 = 23.4%, 50 ≤ age < 60 = 26.3%, 60 ≤ age < 70 = 19.9%, and age ≥ 70 = 10.7%, respectively. The maximum and minimum relative humidity in Jinan between 2017 and 2019 were 14 and 98, respectively.


Table 1. The daily average temperature and relative humidity.

[image: Table 1]

The percentage bar chart based on age and gender is shown in Figure 2A. The age group age ≤ 30 and 30 < age ≤ 40 comprised more men than women, whereas the contrary was true among the age groups 40 < age ≤ 50, 50 < age ≤ 60, 60 < age ≤ 70, and age > 70. As can be seen from Figure 2B, the proportion of hypertension and diabetes are 16.1 and 5%, respectively. Figure 2C describes the proportion of smoking and drinking, which are 7.5 and 5.7%, respectively.


[image: Figure 2]
FIGURE 2. Descriptive results about hospitalization records. (A) The proportion of gender distribution among different age groups; (B) the proportion of chronic disease among whole amount; (C) the proportion of unhealthy habits among whole amount.




DLNM Result

The lag–response curve of temperatures between the years 2017 and 2019 is shown in Figure 5. As is evident in Figure 3, the male vs. female response to 25–30°C temperature was markedly different, which was that women were more sensitive to higher temperature on lags 0–5 than men in that conditions. In addition, the risk for men with lower temperature was greater than women. Figure 4 illustrates the effect of temperature on hospitalization of the patients with LDH and back pain. A daily average temperature of 15–23°C provided the lowest risk of hospitalization in men, while in women, temperatures >15°C garnered the lowest risk. The contour plot of lag–response to temperature revealed that temperature <10°C gradually increased the risk of male hospitalization, especially during lags 0–5 and lags 20–28. Similarly, temperature >21°C also produced a lag effect that exacerbated the risk of hospitalization (Figure 5).


[image: Figure 3]
FIGURE 3. Three-dimensional lag–response curve of temperature [(A) whole; (B) men; (C) women]. RR, relative risk.



[image: Figure 4]
FIGURE 4. The effect of temperature on the hospitalization when lag day was on 28 [(A) whole; (B) men; (C) women]. RR, relative risk.



[image: Figure 5]
FIGURE 5. Contour plot of lag–response about temperature on hospitalization [(A) whole; (B) men; (C) women]. RR, relative risk.


The three-dimensional plot of lag–response to temperature based on the stratification of age is provided in Figure 6. Interestingly, our analysis demonstrated that the 40 < age ≤ 50 age group was not markedly affected by ambient temperature, and Figure 8C also confirmed this point. Contour plots of lag–response to temperature based on the age stratification are described in Figure 7. It can be found that both higher and lower temperature can increase the risk of hospitalization, which means that temperature had an adverse influence on the LDH with back pain. Finally, the effect of temperature on hospitalization on lag 28 is shown in Figure 8. It is apparent from this figure that these groups (50 < age ≤ 60 and 60 < age ≤ 70) are more affected by low temperature.


[image: Figure 6]
FIGURE 6. The three-dimensional lag–response to temperature based on stratification of age [(A) age ≤ 30 group; (B) 30 < age ≤ 40 group; (C) 40 < age ≤ 50; (D) 50 < age ≤ 60; (E) 60 < age ≤ 70; (F) age > 70].



[image: Figure 7]
FIGURE 7. Contour plots of lag–response to temperature based on the age stratification [(A) age ≤ 30 group; (B) 30 < age ≤ 40 group; (C) 40 < age ≤ 50; (D) 50 < age ≤ 60; (E) 60 < age ≤ 70; (F) age > 70].



[image: Figure 8]
FIGURE 8. The effect of temperature on the hospitalization when lag day was on 28 [(A) age ≤ 30 group; (B) 30 < age ≤ 40 group; (C) 40 < age ≤ 50; (D) 50 < age ≤ 60; (E) 60 < age ≤ 70; (F) age > 70].





DISCUSSION

LDH, characterized by an early symptom of LBP, can seriously reduce one's quality of life (7, 26–29). The purpose of this article was to investigate whether ambient temperature worsened the symptoms of LBP in patients with LDH.

Based on our results, ambient temperature increased the risk of hospitalization in patients with LDH, which proved our hypothesis that pain perception in patients with LDH is exacerbated in both low and high ambient temperatures. Previous studies have demonstrated a link between ambient temperature and the sensitivity and intensity of pain (11, 12, 30). Hedelin et al. suggested that ambient temperature can alter the threshold of pain in patients with chronic pelvic pain syndrome. One possible mechanism for this phenomenon could be the sensitization of the nociceptive C-fibers, responsible for hot/cold sensation, to innocuous temperature gradients due to the activation of the TRP ion channels.

Furthermore, a high-temperature environment can relax peripheral blood vessels and increase blood circulation to the periphery in an effort to cool the body. Patients with LDH have microcirculation disorders (31), which may prevent the cooling mechanism and contribute to an increased sensation of pain. On the contrary, a low-temperature environment constricts peripheral blood vessels in an effort to maintain body warmth. During blood vessel constriction, blood components like fat, sugar, and fibrinogen tend to accumulate in the vessels and accentuate inflammatory response at the site of protrusion. Under these circumstances, blood viscosity, plasma viscosity, erythrocyte specific volume, and erythrocyte aggregation index were shown to rise significantly in patients with LDH, as opposed to the healthy population (32, 33). Similar reports were demonstrated in healthy rats exposed to high temperature; i.e., they exhibited a large increase in whole blood viscosity, plasma viscosity, and erythrocyte aggregation index (34). Furthermore, it was shown that ambient temperature was negatively associated with blood flow velocity and vasoreactivity and positively associated with cerebrovascular resistance (35). Based on these results, it is evident that ambient temperature may change hemorheological factors, and thereby exacerbating pain symptoms.

However, some studies have demonstrated conflicting results (12, 36, 37). Possible reasons behind these conflicting reports may be (1) failure to address the delayed effect as these studies only used a simple correlation to evaluate the temperature and pain relationship; (2) possible existence of noise that was not removed; and (3) differences in the location of study, climate, and medical advancement.


Unhealthy Habits and Pain

Our findings revealed that 5.9 and 7.8% of the patients with LBP were heavy drinkers and smokers, respectively. These reports are in accordance with prior studies that showed that patients with smoking and drinking abuse had a relative risk of 4.489 and 3.326 of LBP, respectively, compared to patients without these risk factors (38). The Shemory et al. report was further corroborated by other studies that demonstrate a significant relationship between alcohol or tobacco use and LBP (29, 39, 40).



Chronic Diseases and Pain

Our results disclosed that ~50% of the patients with LDH were also diagnosed with diabetes (Figure 2). This is in accordance with previous reports of a high prevalence of LBP (37.1 vs. 30.3%) among diabetics and a 1.20 (95% CI 1.06–1.35) high association between diabetes and risk of LBP (41). This was further corroborated in another study that showed ~6% of patients with LBH developed diabetes (42, 43). In a separate study, multiple other diseases and lifestyle factors were shown to increase the incidence of recurring non-specific LBP: a sedentary lifestyle caused a 3.5-fold increase (p <0.001), excessive coffee consumption spiked LBP risk (OR = 16.44, 95% CI 8.55–31.61), and cigarette smoking increased the likelihood of both recurrent and chronic LBP. Metabolic syndromes like high blood pressure (over 9-fold), type 2 diabetes (over 3-fold), and hyperlipidemia (over 2-fold) (p < 0.001, <0.001, and <0.01, respectively), were also shown to markedly elevate chronic LBP risk (44). In our study, 16% of the patients with hypertension also had LBP. This result hints at a long suggested association between hypertension and the prevalence of LBP (45, 46).

The limitations of this study were as follows. (1) The potential effects of medicines on LDH were not considered. Given that a good portion of patients with LDH also experienced chronic diseases, it is possible that medicinal effects could have contributed to LBP. (2) The occupation (the nature of which could contribute to LBP) of subjects in this study was not considered. (3) The data about height and weight were not contained in hospitalization records, and as a result, the body mass index was not involved in our study. Our future goal is to include these factors and perform an extensive study into the seasonal effects of temperature and relative humidity on LBP.




CONCLUSION

Higher or lower ambient temperature could increase the hospitalization risk of LDH, and there was a delay effect. In contrast, unhealthy habits and chronic diseases also can lead to a sharp increase in LBP hospitalizations.
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This population-based study aims to explore the effect of the integration of the Urban and Rural Residents' Basic Medical Insurance (URRBMI) policy on the health outcomes of the middle-aged and elderly. A total of 13,360 participants in 2011 and 15,082 participants in 2018 were drawn from the China Health and Retirement Longitudinal Study. Health outcomes were evaluated using the prevalence of chronic diseases. A generalized linear mixed model was used to analyze the effect of the URRBMI policy on the prevalence of chronic disease. Prior to the introduction of the URRBMI policy, 67.09% of the rural participants and 73.00% of the urban participants had chronic diseases; after the policy's implementation, 43.66% of the rural participants and 45.48% of the urban participants had chronic diseases. When adjusting for the confounding factors, the generalized linear mixed model showed that the risk of having a chronic disease decreased by 81% [odds ratio (OR) = 0.19; 95% confidence interval (CI): 0.16, 0.23] after the introduction of the policy in the urban participants; in the rural participants, the risk of having a chronic disease was 30% lower (OR = 0.70; 95% CI: 0.60, 0.82) than the risk in the urban participants before the policy and 84% lower (OR = 0.16; 95% CI: 0.14, 0.19) after the implementation of the policy; the differences in the ORs decreased from 0.30 prior to the policy to 0.03 after the policy had been introduced between rural and urban participants when adjusting for the influence of socioeconomic factors on chronic diseases. This study provides evidence of the positive effects of the URRBMI policy on improving the rural population's health outcomes and reducing the gap in health outcomes between rural and urban populations, indicating that the implementation of the URRBMI policy has promoted the coverage of universal health.

Keywords: health policy, chronic diseases, universal health coverage, CHARLS, middle-aged and elderly


INTRODUCTION

Universal health coverage (UHC) is an important topic for the United Nations Sustainable Development Goals (1–3). The World Health Organization has used UHC as the theme of the World Health Report twice in a row (4). The 2016 annual report on world health statistics pointed out that achieving UHC has become an important goal and priority for the development of an international health system.

In 2003 and 2007, China established the New Rural Cooperative Medical Scheme (NCMS) and the Urban Residents' Basic Medical Insurance (URBMI) policy for rural and urban residents, respectively, in order to achieve UHC (5). The establishment of the NCMS and URBMI has played an important role in improving the basic medical security system for all residents, meeting the basic medical insurance and improving the health of residents (6–9). However, with the rapid economic and social development, negative effects of the urban–rural division of the two systems began to emerge, with problems such as large urban–rural disparities, poor transfer of medical insurance relationships, coverage overlaps, inconsistent settlement standards, and inconvenient reimbursement (10–12). In order to solve these problems and to advance the development of UHC, some provinces started to integrate rural and urban residents' medical insurance on a trial basis from 2010 onward. In 2016, the State Council of China issued the “Opinion on the Integration of Basic Medical Insurance Systems between Urban and Rural Residents” report on January 12, clearly proposing to integrate the NCMS and URBMI into the Urban and Rural Residents' Basic Medical Insurance (URRBMI) policy in other provinces based on the experience with the NCMS, URBMI, and trial provinces (13). URRBMI is of great significance for promoting social justice, for coordinated economic and social development in urban and rural areas, and for building a moderately prosperous society in China. Therefore, it is hypothesized that the health outcomes in rural areas would be increased after implementing the URRBMI policy.

The China Pension Financial Development Report (2016) stated that China's elderly population (over 65 years of age) will increase from 280 million (20.2%) in 2030 to 400 million (27.2%) in 2055 (14). The elderly comprises an important group in the utilization and protection of medical services in the context of their aging trend, their decreasing financial ability, and their actual situation of increasing medical expenses, which could lead to great financial pressure on elderly families. The issue of whether the URRBMI policy ensures a healthy later life for the elderly and reduces the financial pressure of medical treatment has received continuous attention from scholars across China. Recently, some scholars conducted extensive research on the impact of the URRBMI policy on residents' health from different perspectives. Zhu et al. concluded that the scale of financing for the URRBMI policy is insufficient for the increasing demands for medical services from the insured based on the data from the China Health Statistics Yearbook (11). Yang et al.'s study indicated that individuals received more inpatient service benefits after the URRBMI policy was implemented based on the data from the Fifth National Health Services Survey in 2013 (15). Liu et al.'s study showed that the gap between urban and rural areas in terms of receiving medical services and medical insurance narrowed after implementation of the URRBMI policy based on data from the primary medical institutions in 2011 in Baoji, Shaanxi (16). In summary, extensive research has been conducted on the correlation between health insurance and residents' health status from different perspectives, thereby achieving important progress and results and providing a rich platform for the empirical analysis and theoretical research of this study.

UHC is an ambitious goal in health service with sustainable development goal even during the COVID-19 Pandemic (4, 17–19). The lessons currently being learned from the COVID-19 pandemic in various countries around the world demonstrate the need to invest in health for all. Stable, equitable, prosperous and peaceful societies and economies is only possible when no one is left behind. In this study, two waves of China Health and Retirement Longitudinal study (CHARLS) in 2011 and 2018 based on face-to-face interviews were used first to explore whether the URRBMI policy has had a positive effect on improving the health outcomes of the middle-aged and elderly in rural areas in China, as well as whether the specific magnitude of the prevalence of chronic diseases has decreased. Finally, we drew preliminary conclusions about whether the Chinese health insurance policy is progressing in the right direction toward UHC.



METHODS


Data and Sample

The data used in this study were from the 2011 and 2018 CHARLS before and after the introduction of China's URRBMI policy. The reason is as follows: As only some provinces have been implementing the URRBMI policy since around 2010, the pre-policy data were selected from the 2011 CHARLS; as most provinces have been implementing the URRBMI policy since the end of 2016, the post-policy data were selected from the 2018 CHARLS (a timeline of the policy implementation in each province is shown in Table 1). CHARLS is hosted by the National Development Research Institute of Peking University and is jointly implemented by the Chinese Social Science Research Center of Peking University and the University Youth League Committee (20). The CHARLS utilizes a multi-stage probability proportional scale sampling method to randomly select Chinese middle-aged and elderly people and their spouses from 150 counties and 450 communities (villages) across 28 provinces as respondents (21). The specific sampling process is as follows: firstly, all regions in China (excluding Tibet) were ranked according to GDP per capita, from which 150 county-level units (urban areas or rural counties) were selected at regular intervals. Secondly, three primary sampling units (PSUs) within each county were randomly selected using probability proportional to size sampling (PPS). The primary sampling units consisted of rural villages and urban communities, which are the lowest administrative level units of government. Thirdly, the households in each PSU were sampled with the help of CHARLS.GIS software. Questionnaires and medical examinations are conducted by face-to-face household surveys, which include information on demographics, physical examination, biochemical tests, socioeconomic status, health status and functioning, health care and insurance (the data and questionnaire are available at http://charls.pku.edu.cn/).


Table 1. The basic situation of urban and rural residents' basic medical insurance in China.

[image: Table 1]

A total of 17,705 household members in 2011 and 19,816 household members in 2018 were surveyed. The inclusion and exclusion criteria for this study were as follows: (1) informed consent signed by the study participants; (2) only participants who had experienced the NCMS and URBMI were selected as the sampling unit of interest in 2011; (3) in 2018, participants who had experienced the URRBMI were selected, although participants who had experienced NCMS or URBMI were also selected considering that some participants do not know the name of the integrated medical insurance. Finally, data from 13,360 participants in 2011 and 15,082 participants in 2018 were utilized for analysis. The detailed sample selecting process and the analysis framework are shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart on the sample selecting process and analysis framework.




Dependent Variable

This study used diagnosed chronic diseases or not to conceptualize health outcomes. This variable was based on respondents' reports on the following item: “Have you been diagnosed with [conditions listed below…] by a doctor?” The CHARLS questionnaire examined 14 chronic diseases: Hypertension, dyslipidemia, diabetes or elevated blood sugar, malignancies such as cancer (excluding mild skin cancer), chronic lung disease, liver disease, heart disease, stroke, kidney disease, stomach disease or digestive system disease, emotional and mental illness, memory-related disorders, arthritis or rheumatism, and asthma. The dependent variable was a binary variable, whereby 0 denoted “having no chronic disease” and 1 denoted “having one of these chronic diseases.” The prevalence of chronic diseases was calculated by the number of participants with chronic diseases over the total number of participants.



Independent Variables

The core independent variable was the URRBMI policy. According to the policy, in which only rural participants changed from the NCMS to the URRBMI policy and the level of medical reimbursement improved, rural participants were selected to be the intervention group. For urban participants, although their health insurance name changed from URBMI to URRBMI, the level of medical reimbursement remained the same as the URBMI policy, making the urban participants an excellent control for this study. It was hypothesized that the prevalence of chronic diseases in rural areas would have decreased after implementing the URRBMI policy.

The control independent variables included the participants' sex, age, education, economic and living status, sleeping hours, napping or not, smoking status, alcohol consumption, disability and body pain or not. The participants' economic status was measured by household income per capita; it was used as a continuous variable, calculated as the sum of personal assets, household assets, personal income and income from other household members, household income from agriculture, household income from self-employment, and household income from transfers divided by the total number of family members in the household. It was further divided into three groups.



Data Analysis

Ahead of inferential statistics, the characteristics of the sample were briefly described, followed by a Chi-squared test to compare the basic characteristics and health outcomes between the rural and urban participants for the years of 2011 and 2018. After this, a generalized linear mixed model (GLMM) was employed to analyze the effect of the URRBMI policy on health outcomes after controlling for a number of confounding factors. These factors were selected based on previous studies but constrained by the variables collected in the survey (22). Odds ratios (ORs) with 95% confidence intervals (CIs) were derived from the GLMM. The characteristics of all of the variables used are shown in Table 2. The variables policy, type of residence, and interaction between them were specified as fixed effects, and the community where they lived as a random effect. The participants' sex, age, education, economic status, living status, sleeping hours, napping or not, smoking status, alcohol consumption, disability, and pain or not were taken as covariates.


Table 2. Variable definitions and summary statistics.
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The statistical results and figures were processed with STATA statistical software version 14.0 (StataCorp LP, College Station 77845, USA) and Excel 2016, respectively. A two-tailed p-value of < 0.05 was considered statistically significant.




RESULTS


Sample Characteristics

Table 2 presents the basic characteristics between the urban and rural participants before and after the implementation of the URRBMI policy. Of the 13,360 participants before the policy was introduced, 12,139 (90.90%) and 1,215 (9.10%) lived in rural and urban areas, respectively. After policy implementation, there were 12,529 (84.05%) rural participants and 2,377 (15.95%) urban participants. The average age of the persons sampled increased from 59.24 in 2011 to 61.91 in 2018. In general, the education level improved as the illiteracy rate decreased from 31.34 to 26.29%. The majority of the participants in all groups lived with others, slept more than 7 h, and did not smoke or drink. Only 19.25% of the participants had a disability, whereas 34.61% of them felt body pain prior to the policy; on the contrary, 17.71% of the participants had a disability, whereas 60.36% of them felt body pain after the introduction of the policy.



Distribution of Chronic Diseases

For the rural participants, a greater number of females than males had chronic diseases (χ2 = 26.95, p < 0.001), and the prevalence of chronic diseases gradually increased with age (χ2 = 62.13, p < 0.001) and economic status (χ2 = 65.85, p < 0.001). Illiterate participants (χ2 = 86.05, p < 0.001), participants that living alone (χ2 = 5.50, p = 0.019), those sleeping <6 h (χ2 = 93.56, p < 0.001), those who smoke (χ2 = 127.45, p < 0.001), those who do not drink (χ2 = 77.04, p < 0.001), those with a disability (χ2 = 343.73, p < 0.001), and those with body pain (χ2 = 495.94, p < 0.001) were more likely to have chronic diseases (Table 3). Similarly, the urban participants' sex (χ2 = 5.39, p = 0.020), age (χ2 = 30.96, p < 0.001), and education level (χ2 = 20.38, p < 0.001) were significantly associated with the occurrence of chronic diseases. Additionally, participants sleeping <6 h (χ2 = 15.09, p = 0.001), those who smoke (χ2 = 23.15, p < 0.001), those who do not drink (χ2 = 10.26, p = 0.001), those with a disability (χ2 = 99.77, p < 0.001), and those with body pain (χ2 = 39.34, p < 0.001) were also more likely to have chronic diseases (Table 4).


Table 3. Distribution of chronic disease rate among rural participants (n = 24,668).
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Table 4. Distribution of chronic disease rate among urban participants (n = 3,592).
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Effect of Policy on Health Outcomes

Figure 2 shows that 67.09% (95% CI: 66.25, 67.93) of the rural participants had chronic diseases before the introduction of the policy and 43.66% (95% CI: 42.79, 44.53) after; meanwhile, 73.00% (95% CI: 70.41, 75.48) of the urban participants had chronic diseases before the introduction of the policy and 45.48% (95% CI: 43.46, 47.50) after.


[image: Figure 2]
FIGURE 2. Rate of chronic disease for urban residents and rural residents.


Table 5 shows the multivariate analysis of the effect of the URRBMI policy on health outcomes by the GLMM. Compared to before the introduction of the policy in the urban population in model 1, the risk of having chronic diseases decreased by 70% (OR = 0.30; 95% CI: 0.26, 0.35) after the policy had been implemented; in the rural participants, the risk of having chronic diseases was 22% lower (OR = 0.78; 95% CI: 0.67, 0.90) than the risk in the urban participants prior to the policy and 71% lower (OR = 0.29; 95% CI: 0.25, 0.33) after. The differences in the ORs decreased from 0.21 prior to the policy to 0.01 after. By controlling for the demographic characteristics in model 2, the differences changed from 0.27 to 0.03; in model 3, the differences also tended to decrease after controlling for the factors in model 2 and adding lifestyle and health status characteristics. This suggests that the intervention of the URRBMI policy has had some positive effect on narrowing the gap in the chronic disease prevalence rates between the urban and rural populations.


Table 5. Effect of urban and rural residents' basic medical insurance policy on health outcome (n = 28,442).
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Model 3 also shows that the prevalence of chronic diseases gradually increased with age and decreased with education (p <0.001). Those participants that sleep <6 h, that have naps, and that have a disability and body pain experienced increased prevalence of chronic diseases, while not drinking was shown to be a protective factor against chronic diseases.




DISCUSSION

The immediate function of health insurance is to guarantee the financial accessibility of health service utilization for vulnerable groups, with the ultimate goal of maintaining and improving health overall (23, 24). Chronic diseases, especially cardiovascular diseases, diabetes, cancer, and chronic respiratory diseases, are the leading cause of mortality across the world (25). Although previous studies have shown that social determinants may decrease the prevalence of chronic diseases, there is still a gap between urban and rural populations (26, 27). In this study, we focused on China's URRBMI policy and explored its effects on reducing the gap in the chronic disease prevalence between rural and urban populations when adjusting for their socioeconomic characteristics. According to these two representative middle-aged and elderly samples, the evidence supports the positive effect of the policy in terms of reducing the differences in the chronic disease prevalence rates between rural and urban populations, implied the positive effect of policy on progress in advancing UHC. This finding is consistent with the URRBMI policy evaluation studies by Liu et al., Yang et al., and Li et al. (15, 16, 28). It is also in line with the studies in Mexico (17), Vietnam (29), Peru (30), and Turkey (31) on the positive effect of health policy in achieving UHC.

These results provide evidence of the positive effect of integrating NRCMS and URBMI on improving the rural population's health outcomes. Now, the chronic disease prevalence for rural middle-aged and elderly populations is similar to that of urban middle-aged and elderly populations (43.66 vs. 45.48%). These findings also imply that the URRBMI policy plays an important role in moving China toward achieving UHC. There are two reasons that may explain this positive effect: First, according to previous studies, the adjustment of the coverage of health insurance affects the health service utilization of enrollees (32, 33). The URRBMI policy expanded the coverage of service packages and drug lists for rural enrollees, improving their access to health care and thus leading to improved health outcomes. Second, the literature suggests that higher health insurance reimbursement rates increase the financial accessibility of rural enrollees and promote greater utilization of health services (34, 35). The URRBMI policy in this study promotes UHC by increasing the reimbursement rate of medical expenses to promote timely access to health care for rural populations, which in turn improves their health outcomes.

Globally, chronic diseases affect the health and quality of life of populations (36). Therefore, the search for factors influencing the prevalence of chronic diseases never stops (26, 37, 38). This study found the prevalence of chronic diseases to gradually increase with age and to decrease with education; populations that sleep <6 h, that have naps, and that consume alcohol are more likely to experience an increased prevalence of chronic diseases, as are populations with a disability or body pain. Therefore, comprehensive prevention strategies and health promotion projects should be effectively strengthened in order to prevent an epidemic of chronic diseases.


Limitations

We acknowledge that this study has several limitations that need to be addressed in further research. First, this study was based on two cross-sectional studies, and there may be some possible unobserved confounding factors, such as physical activity, BMI and work status. Second, the imbalanced data from rural (24,668) and urban (3,592) areas may have generated less statistically efficient results (e.g., larger standard error and less statistical significance) compared to more balanced data. Third, our study reports the effect of the policy on health outcomes based on quantitative research, and more evidence based on qualitative measurements and cohort studies on the analysis of the effects of the implementation of the policy is needed to clarify any cause–effect relationships in subsequent research steps. Last but not last, CHARLS only collected the data among middle-aged and elderly people; the adolescent and younger adults may have different health patterns.




CONCLUSION

This paper shows that the basic medical insurance policy for urban and rural residents has a positive effect on narrowing the gap in the health outcomes between urban and rural residents in China, indicating that the integration of urban and rural medical insurance has promoted the realization of universal health coverage. The study also provides theoretical reference for the future development of health and the planning and formulation of health policies. However, more qualitative research and quantitative research based on evidence from cohort studies that include more determinants to analyze the effects of this policy is needed to clarify any causal relationships in the subsequent research steps.
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Objectives: Low-density lipoprotein cholesterol (LDL-C) plays an essential part in bone metabolism. However, the correlation between LDL-C levels and bone mineral density (BMD) is still controversial. This study aimed to explore the relationship between LDL-C levels and lumbar BMD in young- and middle-aged people.

Methods: We conducted a cross-sectional study comprising 4,441 participants aged 20–59 from the National Health and Nutrition Examination Survey (NHANES). LDL-C levels and lumbar BMD were used as independent and dependent variables, respectively. We evaluated the correlation between LDL-C levels and lumbar BMD through a weighted multivariate linear regression model. We performed a subgroup analysis of the relationship between LDL-C levels and lumbar BMD based on age, gender, and body mass index (BMI).

Results: After adjusting for confounding factors, LDL-C levels were negatively correlated with lumbar BMD. In subgroup analyses stratified by gender, this negative association was statistically significant in men and women. In the subgroup analysis stratified by age, a negative connection existed in people aged 30–49 years. In the subgroup analysis divided by BMI, there was an inverse correlation in overweight people (25 ≤ BMI < 30).

Conclusions: Our research observed an inverse association between LDL-C levels and lumbar BMD in young- and middle-aged people, especially in people aged 30–49 years and who are overweight. Close monitoring of BMD and early intervention may be required for these people.

KEYWORDS
low-density lipoprotein cholesterol, bone mineral density, National Health and Nutrition Examination Survey (NHANES), young- and middle-aged people, osteoporosis


Introduction

Osteoporosis is a common bone metabolic disease characterized by low bone mass and disruption of bone architecture. According to a study by International Osteoporosis Foundation, one-third of women and one-fifth of men over the age of 50 suffer from osteoporosis and are at risk of osteoporotic fractures (1). Even more concerning is the fact that osteoporosis is often undiagnosed until patients experience fragility fractures (2). Currently, the reduction of bone mineral density (BMD) is a vital diagnosis standard of osteoporosis (3, 4). Most osteoporotic fractures are entirely preventable if loss of bone mass can be detected and prevented in the early stages.

Osteoporosis was associated with many factors, such as genetic and environmental factors (5). They can individually or synergistically lead to a decrease in bone mass and promote the development of osteoporosis progression (6). Assessing the risk factor of osteoporosis can effectively reduce the incidence of fragility fractures. In recent studies, multiple lines of evidence suggested that lipid metabolism simultaneously involves the progression of osteoporosis and cardiovascular disease (7). Meanwhile, dyslipidemia might effectively predict osteoporosis (8, 9). Low-density lipoprotein cholesterol (LDL-C), a recognized hazard factor for cardiovascular disease, participates in the formation of atherosclerotic plaques (10). However, there is no definite answer to the relationship between LDL-C levels and osteoporosis.

National Health and Nutrition Examination Survey (NHANES) has a long history, beginning in the early 1960s as the National Health Examination Survey that continuously collected information on the health and nutrition of the US household population. NHANES provides data to describe dietary intakes and prevalence estimates for risk factors and selected diet-related and other diseases in the US population. These data are critical for exploring the emerging public health needs of the nation (11). Our study aimed to investigate the association of LDL-C levels with lumbar BMD based on the existing NHANES dataset to provide clinicians with statistical data for early intervention in patients with a high probability of developing osteoporosis.



Methods


Data collection and study population

National Health and Nutrition Examination Survey was approved by NCHS Institutional Review Board, and informed consent from all participants was obtained (10). In our study, we collected data in four consecutive NHANES cycles (2011–2012, 2013–2014, 2015–2016, and 2017–2018). A total of 39,156 participants were included. After screening of participants aged 20–59 years (n = 22,618) and exclusion of participants with unavailable BMD data (n = 11,086), unavailable LDL-C data (n = 6,444), unavailable 24-h diet recall data (n = 247), and unavailable other covariate data (n = 399), 4,441 participants were finally included in the analysis (Figure 1).


[image: Figure 1]
FIGURE 1
 Flowchart of sample selection.




Variables

In this study, the independent variable was LDL-C. Plasma cholesterol levels were measured on participants who were examined in the morning. Serum LDL-C levels were calculated from directly measured values of total cholesterol, triglycerides, and high-density lipoprotein cholesterol (HDL-C) in accordance with Friedewald's calculation formula: [LDL-C] = [total cholesterol] – [HDL-C] – [triglycerides/5] (12). The dependent variable was the lumbar BMD, which was measured by the dual-energy X-ray bone densitometer. The analysis included the following covariates: age, gender, race, education level, marital status, history of hypertension, history of diabetes, smoking, body mass index (BMI), poverty-to-income ratio, total calcium intake, and total protein intake. The examination parts of clinical, physiological, and laboratory evaluations were carried out by well-trained medical experts. The detailed collection procedures and measurement methods for each variable are publicly available at www.cdc.gov/nchs/nhanes.



Statistical analysis

All assessments were calculated by accounting for NHANES sampling weights. The characteristics of the study population involved in the final analysis were described by the mean ± standard deviation (SD; continuity variable) or percentages (categorical variable). Weighted multivariate linear regression models were used to evaluate the linear relationship between LDL-C levels and lumbar BMD. We standardized LDL-C levels with a mean of 0 and an SD of 1 and constructed three models (13). In the unadjusted model, no covariates were adjusted. The minimally adjusted model was adjusted for age, gender, and race. The fully adjusted model were additionally adjusted for education level, marital status, income poverty ratio, BMI, smoking behavior, hypertension, diabetes, total calcium intake, and total protein intake based on the minimally adjusted model. Stratified analysis was conducted according to gender, age, and BMI to determine the potential subgroup with a significant correlation between LDL-C levels and BMD. The p-values <0.05 were considered statistically significant. Data analysis was performed with the statistical software packages R (version: 4.0.3, http://www.R-project.org) and EmpowerStats (version: 2.0, http://www.empowerstats.com).




Result


Characteristics of the study population

Our study involved 4,441 participants aged 20–59 years. Table 1 describes weighted sociodemographic and medical characteristics based on the quartiles of LDL-C levels. There was no statistically significant association between the distribution of race and total protein intake. Participants in the highest quartile of LDL-C levels were more likely to be men (54.46%), with high school education or above (62.78%), to be married (58.45%), to be overweight (BMI 29.89 ± 6.28), and have a higher family income to poverty ratio (3.02 ± 1.65). Participants who did not have hypertension (73.41%), did not have diabetes (92.26%), and were non-smokers (55.61%) had higher LDL-C levels. Meanwhile, lower total calcium intake (83.91 ± 33.87) and lower lumbar BMD (1.01 ± 0.14) correlated with higher LDL-C levels.


TABLE 1 Weighted characteristics of the study population based on low-density lipoprotein cholesterol (LDL-C) quartiles.
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Association between LDL-C and lumbar BMD

The results of multivariate regression analysis showed that LDL-C levels were negatively correlated with lumbar BMD (β = −0.014, 95% CI: −0.018, −0.010) in the unadjusted model. After adjusting for confounding factors, this negative correlation still existed in the minimally adjusted model (β = −0.012, 95% CI: −0.016, −0.007) and the fully adjusted model (β = −0.010, 95% CI: −0.015, −0.006). Meanwhile, there was a linear correlation in the fully adjusted model (p for trend <0.05). The lumbar BMD of the highest quartile was 0.026 g/cm2 lower than that of the lowest quartile (Table 2).


TABLE 2 Association between low-density lipoprotein cholesterol (LDL-C; mg/dl) and lumbar body mass density (BMD; g/cms2) among young- and middle-aged people.

[image: Table 2]

In subgroup analysis based on gender stratification, the negative correlation between LDL-C levels and lumbar BMD existed in men (β = −0.009, 95% CI: −0.015, −0.003) and women (β = −0.009, 95% CI: −0.015, −0.003) in the fully adjusted model (Table 3).


TABLE 3 Association between low-density lipoprotein cholesterol (LDL-C; mg/dl) and lumbar body mass density (BMD; g/cm2) stratified by gender.

[image: Table 3]

The subgroup analysis based on age stratification showed that LDL-C levels were inversely associated with lumbar BMD in people aged 30–59 years in the non-adjusted and minimally adjusted models (p < 0.05). In the fully adjusted model, there was no significant correlation between LDL-C levels and lumbar BMD in people aged 50–59 years. In all models, LDL-C levels had no association with lumbar BMD in people aged 20–29 years (Table 4).


TABLE 4 Association between low-density lipoprotein cholesterol (LDL-C; mg/dl) and lumbar body mass density (BMD; g/cm2) stratified by age.

[image: Table 4]

Body mass index is a factor closely related to BMD and LDL-C levels (14). The subgroup analysis based on BMI stratification showed a negative correlation between LDL-C levels and lumbar BMD in the unadjusted model. Meanwhile, we found a strong correlation between LDL-C levels and lumbar BMD in people who are overweight (25 ≤ BMI < 30; p < 0.001). In the fully adjusted model, lumbar BMD decreased by 0.017 g/cm2 per 1 SD while LDL-C levels increased in people who are overweight (Table 5).


TABLE 5 Association between low-density lipoprotein cholesterol (LDL-C; mg/dl) and lumbar body mass density (BMD; g/cm2) stratified by body mass index (BMI).
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Discussion

In an analysis of four merged datasets from 2011 to 2018 NHANES surveys, LDL-C levels were inversely correlated with lumbar BMD. People with higher levels of LDL-C levels were more likely to be 39.72 ± 11.80 years old, be of male gender, be married, be overweight, and have higher family income to poverty ratio. We performed subgroup analysis based on gender, age, and BMI. We found that this negative association was statistically significant in men and women. In the subgroup analysis stratified by age, a negative connection exists in people aged 30–49 years. In the subgroup analysis divided by BMI, there was an inverse correlation in people who are overweight.

Bones are active endocrine organs carrying several metabolic functions (15). Several studies detected the correlation between dyslipidemia and BMD (16, 17). However, the research results are debatable. Zhang et al. reported that, when LDL-C levels were <3.52 mmol/L values, LDL-C levels were negatively correlated with lumbar BMD in Chinese postmenopausal women (18). Other studies discovered a positive relationship between HDL-C and lumbar BMD and suggested that lipid metabolism plays a vital role in regulating BMD (19, 20). However, Makovey et al. observed that HDL-C levels were inversely associated with BMD in premenopausal women (21). Martín-Gonzalez et al. found that BMD was positively correlated with LDL-C levels in a cross-sectional study of 280 individuals with chronic alcohol consumption (22). Sivas et al. demonstrated that triglyceride was not associated with BMD in postmenopausal Turkish women (23). These counterintuitive observations supplement other conclusions drawn from several similar studies conducted on different populations. Nonetheless, most studies reported that LDL-C levels were inversely associated with BMD (13, 24, 25). Our research found that lower LDL-C levels may be associated with higher lumbar BMD.

Traditionally, osteoporosis has been regarded as a disease of postmenopausal women; nevertheless, osteoporosis in men is a frequent and severe condition (26). Our research found that LDL-C levels were negatively correlated with lumbar BMD in men and women. In the fully adjusted model, men and women share a consistent β value. Previous studies where oxidized LDL-C directly impede differentiation of osteoblasts suggested lipid profiles as a probable risk factor for osteoporosis (27, 28). In addition, evidence accumulated over the past years strongly suggests that estrogen also plays a critical role in regulating the male skeleton (29). Hence, whether LDL-C affects BMD by regulating estrogen deserves further study.

Aging is a known risk factor associated with deterioration of bone mass, leading to an increased risk of fragility fractures (30). Most cohort and cross-sectional studies focused on BMD in older adults or postmenopausal women (31, 32). However, it is increasingly clear that bone mass acquired during growth is also a vital determinant of fragility fracture resistance in the future (33). When we performed a subgroup analysis based on age, we found a statistically inverse association between LDL-C levels and lumbar BMD in people aged 30–49 years in the fully adjusted model. The correlation is also stronger with increasing age. Hence, our findings may provide insights for strategies to prevent osteopenia in this age group.

Obesity is another prevalent public health problem with strong clinical links to osteoporosis, and BMI is a simple way of measuring the degree of obesity (34). Some previous studies found a positive association between BMI and BMD. Lower BMI is associated with a greater risk of osteoporosis (35). However, recent epidemiological and clinical research has challenged this belief. Some studies reported a significant percentage of fragility fractures in women who are obese due to the body structure or mechanism of injury (36, 37). Our research found a statistically inverse association between LDL-C and lumbar BMD in overweight people but not in other subgroups in the fully adjusted model. However, the specific mechanism still needs further research.

The strength of this study is that our research examined the association between LDL-C levels and lumbar BMD by using large epidemiology data. Additionally, the inverse connection between LDL-C levels and lumbar BMD remained statistically significant after adjustment for potential confounders in multivariate linear regression models. However, it is important to acknowledge the limitations of our study. First, this study has taken American participants as the research object. It is uncertain whether the link between LDL-C levels and BMD is applicable to other countries or races due to genetic, environmental, and cultural differences. Second, the cross-sectional study design has made it impossible to determine the causal relationship between LDL-C levels and BMD. Therefore, further prospective clinical and basic experimental studies are necessary to determine the exact mechanism of the association between LDL-C levels and BMD.



Conclusions

Our research observed a negative association between LDL-C levels and lumbar BMD in young- and middle-aged people, especially in people aged 30–49 years and who are overweight. Close monitoring of BMD and early intervention may be required for these people.
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Background: Currently, longitudinal studies on frailty are in an early stage, particularly in low- and middle-income countries. Only one study was conducted in Hong Kong to examine age-period-cohort effects on the prevalence of frailty among Chinese older adults.

Objectives: This study aims to shed light on the prevalence trajectory of frailty among older adults in mainland China through the APC model and to analyze the effects of age, period, and cohort on the prevalence trajectory.

Methods: The sample for this study was older adults aged 65–109 years old from the 2002 to 2014 Chinese Longitudinal Healthy Longevity Survey (CLHLS). Frailty status was measured by Rockwood FI. An age-period-cohort model was used to describe the effects of age, period, and cohort on the prevalence trajectory of frailty.

Results: The prevalence of frailty among Chinese older adults changed significantly with age, period, and cohort. Furthermore, the effect of age was much stronger than the effect of period and cohort. The prevalence of frailty in the 101–103 and 104–106 age groups was 8.998 (95% CI 13.667–5.924) and 8.699 (95% CI 13.037–5.805) times higher than the in the 65–67 age group, respectively. The sensitivity analysis based on Fried's frailty phenotype showed similar results, confirming the robustness of our findings.

Conclusion: All of the age effect reflecting the individual aging process, period effect reflecting change in the social environment, and birth cohort effect reflecting different generations could influence the prevalence of frailty at the population level. In contrast, the age effect was the main effect.
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 frailty, trajectory, age-period-cohort, centenarian, social experience


Introduction

Frailty, a geriatric syndrome shaped by interacting physical, psychological, lifestyle-related, and sociodemographic factors, is characterized by decreased functions of multiple physiological systems and heightened vulnerability to stressors (1). Frailty is related to a broad range of adverse outcomes such as declining healthy life expectancy (2) and increasing healthcare expenditure (3). With rapid expansion of the aging population, frailty is becoming one of the significant global public health challenges (4).

The reported longitudinal studies have provided some valuable yet controversial information on the frailty trajectory. Several longitudinal studies suggested that frailty is dynamic, which means that the severity of frailty can deteriorate or be ameliorated with aging (4, 5). Other longitudinal studies reported that frailty levels increase with aging (6). Furthermore, some studies suggest that frailty is stable across birth cohorts (7). The latter cohort showed higher frailty levels than their predecessors at the same age (2, 8, 9). Therefore, it is crucial to conduct more longitudinal studies to gain an insight into the secular trajectory of frailty.

The age-period-cohort (APC) model is a classic demography and epidemiological tool mainly used to describe and analyze morbidity and mortality trends (10, 11). The age, period, and cohort effects are all time-related but carry different substantial implications. The age effect encompasses physiological changes and accumulation of social experience as individuals age. The cohort effect is defined as a change in morbidity across generations that have different historical experiences. The period effect represents a variation over time, simultaneously affecting all age groups and birth cohorts (12, 13). Consequently, the APC model can not only describes secular trends in diseases by assessing the independent effects of age, period, and birth cohort on mortality or morbidity but also derives clues from them about broader social, economic, and cultural context influences (12).

To our knowledge, longitudinal studies on frailty are in an early stage and have predominantly been conducted in high-income countries. So far, only a single study from Hong Kong described the age-period-cohort effects on frailty trajectory among Chinese older adults (8). Because of the complex historical background of China, more studies are needed. This study aims to understand how age, period, and cohort affect work on the trajectory of frailty prevalence among older adults from mainland China.



Methods


Samples

Data for this study were obtained from the Chinese Longitudinal Healthy Longevity Survey (CLHLS), which is a repeated cross-sectional survey. Between 1998 and 2018, CLHLS was conducted eight times by interviewing older adults in half of randomly selected counties and cities in 23 provinces/municipalities/autonomous regions in China. Since 2005, those who died and lost older adults are being replaced by a sample of the same gender and age, and since 2011, no new replacement respondents are being added, just older adults who had been interviewed in the last survey and were still alive, and relatives of those who had died after being interviewed in the last survey. CLHLS has the most extensive samples of older adults in the world's longitudinal surveys (14, 15). The survey has been tested by many research studies and is generally acknowledged by scholars nationally and internationally (16). A comprehensive questionnaire was used to collect information on fundamental data, activities of daily living (ADLs), psychological and physical characteristics, etc. As the survey contents of the 1998 and 2000 surveys were insufficient to calculate the frailty index (FI), the data of the 2018 survey did not qualify for the APC model. The study used data from the 2002 to 2014 waves. After excluding older adults aged < 65 years old and those aged > 109 years old, the sample sizes for 2002 to 2014 were 15,970, 15,573, 16,526, 9,273 and 6,535, respectively (Figure 1).


[image: Figure 1]
FIGURE 1
 Flowchart of the study population.




Measures

The Rockwood FI, defined as the proportion of deficits to all potential deficits for an individual, was a stable and reliable measure of frailty for CLHLS (15, 17, 18). We calculated the FI with 39 health metrics from various dimensions, including cognitive function (measured by Mini-Mental State Examination), chronic illness (hypertension, diabetes, tuberculosis, cardiopathy, stroke/cerebrovascular disease, bronchitis/asthma, cancer, arthritis, bedsores, gastro/duodenal ulcer, and Parkinson's disease), ADLs (eating, bathing, dressing, use of a toilet, indoor activities, continence, visiting neighbors' homes, shopping, cooking, washing laundry, walking 1 km in a row, lifting a bag weighing 5 kg, squatting and standing up three times in a row, traveling by transport), bodily function (hand behind neck, hand behind the lower back, arms up, able to stand up from sitting, and able to pick up books from the floor), psychological status (feeling fearful/anxious, feeling lonely, and feeling useless because of age), hearing ability, visual function, self-reported health, and others (cardiac rhythm, interviewer-rated health, and frequency of serious illness in the last 2 years) (19). FI ≥ 0.25 means frailty (20).



Age–period–cohort analysis

For the APC analysis, the data in this study were collated as 15 successive three-year age groups ranging from 65–67 years to 107–109 years, five periods (2002, 2005, 2008, 2011, and 2014), and 19 three-year cohorts ranging from 1893–895 to 1947–1949. Since the equation cohort = period–age, there was a significant covariance between the age, period, and cohort effects, making it difficult to analyze their independent effects (21). The Intrinsic Estimator (IE), which has unbiasedness, validity, progressivity, and superior estimation ability, was used to solve this problem (22, 23).



Sensitivity analysis

For sensitivity analysis, we also defined the frailty status based on frailty phenotype (modified Fried criteria), another widely used frailty measurement tool. Fried's criteria included five domains, which were exhaustion (feeling useless because of age), shrink (BMI <18.5 kg/m2), weakness (unable to lift a bag weighing 5 kg), low mobility (unable to walk 1 km in a row), and inactivity (participate in the following activities one time per week or less: housework, outside activity, growing flower or pet, keeping poultry or domestic animals or livestock breeding, playing cards or mah-jongg, and social activity) (24). Height was lacking in the 2002 data, so we used total arm length (length from wrist to shoulder) to estimate it (25). Older adults were considered frail if they featured ≥3 domains (26).



Statistical analysis

We performed APC analysis using STATA 16.0 and plotted a heatmap using the ggplot2 and pheatmap packages in R v.4.1.2. P < .05 indicated statistical significance.




Results


Descriptive analysis

Table 1 shows the essential characteristics of participants in 5 waves between 2002 and 2014. The gender and age distributions were broadly similar in each cross-section. The number of women was slightly larger than the number of men, with essentially the largest sample size in the 80–89 age group and the smallest sample size in the 65-69 age group. Taking the data of 2002 as an example, 42.7% were men, 10.1% were 65–69 years old, 20.3% were 70–79 years old, 26.5% were 80–89 years old, 23.5% were 90–99 years old, and 19.7% were 100–109 years old. In addition, comparing the prevalence of frailty by period shows the highest prevalence of frailty in 2014 (65.3%) and the lowest prevalence of frailty in 2008 (59.5%). Figure 2 further shows the distribution of prevalence of frailty among older adults by period and age group. As shown in the graph, the prevalence of frailty continuously increased with aging but showed no clear changes over periods in the same age group.


TABLE 1 Basic characteristics of the sample.
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FIGURE 2
 A heatmap showing the age-period distribution of frailty rates among Chinese older adults during 2002–2014.


The age-specific prevalence at intervals of 3 years of age for frailty is plotted against the birth cohort in Figure 3. The prevalence of frailty increased distinctly with aging in same birth cohorts while varying irregularly with birth cohort in same age groups. Concretely, in the 65–70, 80–82, 86–94, and 101–109 age groups, the prevalence of frailty was lower in the more recent cohorts than in the earlier cohorts. Although Figures 2, 3 confound the age, period, and cohort effects, it can be tentatively judged that the prevalence of frailty in older adults in the same age group differed across birth cohorts and periods.


[image: Figure 3]
FIGURE 3
 Frailty rates by birth cohort and age group among Chinese older adults during 2002–2014.




Age–period–cohort analysis with the intrinsic estimator

The 69–71 years old, 2002, period, and 1893s−1895s cohort were selected as references to calculate estimated relative risks of the frailty incidence for other age, period, and birth cohort groups, respectively. The results are shown in Table 2 and Figure 4. The age effect increased approximately linearly with aging from the 65 age group to the 103 age group, and decreased slightly from the 104 age group to the 109 age group. The prevalence of frailty in the 101–103 and 104–106 age groups was 8.998 (95% CI 13.667–5.924) and 8.699 (95% CI 13.037–5.805) times higher than in the 65–67 age group, respectively. The period effect increased slightly over time. The prevalence of frailty in 2014 was 1.279 (95% CI 1.281–1.277) times higher than in 2002. The cohort effect generally decreased from 1895s to 1951s. The prevalence of frailty in the 1947s−1949s birth cohort was .277 (95% CI 0.109–0.705) times higher than in the 1893s−1895s cohort.


TABLE 2 Results of the APC model of prevalence of frailty among Chinese older adults during 2002–2014.
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FIGURE 4
 Relative risks of age (left), period (mid) and cohort (right) effects on prevalence of frailty.




Sensitivity analysis

The results were similar when APC analysis was performed with the frailty measured by frailty phenotype (Table 3; Figure 5). The prevalence of frailty in the 101–103 and 104–106 age groups was 6.863 (95% CI 9.264–5.085) and 6.632 (95% CI 8.856–4.966) times higher than in the 65–67 age group, respectively. The prevalence of frailty in 2014 was 1.398 (95% CI 1.408-1.389) times higher than in 2002. The prevalence of frailty in the 1947s−1949s birth cohort was .272 (95% CI 0.135–0.546) times higher than in the 1893s−1895s birth cohort.


TABLE 3 Sensitivity analysis with frailty measured by frailty phenotype: Results of the APC model of prevalence of frailty among Chinese older adults during 2002–2014.
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FIGURE 5
 Sensitivity analysis with the frailty measured by frailty phenotype: Relative risks of age (left), period (mid) and cohort (right) effects on prevalence of frailty.





Discussion

Our study explored the frailty trajectory of Chinese older adults aged 65–109 years from 2002 to 2014 using the APC model. The age effect was proven to be the most obvious effect on the prevalence of frailty. In addition, the earlier cohorts and closer periods had higher frailty prevalence, although the magnitude of the effects was considerably weaker than that of aging.

Consistent with previous studies, the prevalence of frailty increased substantially with aging in older adults aged 65 to 103 years in this study. Furthermore, we found a slight downward trend in the prevalence of frailty for older adults over 104 years old. The available evidence suggested that centenarians usually have an exceptionally healthy aging phenotype (27), which may be attributed to their exceptional genetic profiles, healthy lifestyle, and open-mindedness (28, 29). For example, Belenguer-Varea et al. found that compared to the general elderly population, centenarians exhibited less oxidative damage, particularly lower plasma lipid peroxidation biomarkers (30). Franca Rosa et al. suggested that centenarians had an unusual colony of cytotoxic CD4+ T cells under the effect of a human leukocyte antigen (31). Arai et al. found that maintenance of insulin sensitivity, low prevalence of diabetes, and dysregulation of adipokines were characteristics of centenarians (32). All of these features help to enhance immunity, reduce inflammation, and prevent frailty. In addition, Julia et al. found that apolipoprotein levels were decreased significantly with aging but generally shifted to higher levels in centenarians, with ApoB, ApoC3, and ApoE being positively correlated with cognition (33).

The increased prevalence of frailty in older adults from 2002 to 2014 might have resulted from population aging. According to the Chinese National Census, the percentage of the population aged more than 65 years increased from 6.96% in 2000 to 8.87% in 2010. With the development of society and medical science, humankind's surveillance rate and life expectancy have increased remarkably. Meanwhile, it directly contributed to the growth of the aging population and prolongation of unhealthy living states.

1893s−1949s was a long and harsh wartime in Chinese history, spanning the Siege of the International Legations, the downfall of the Qing Dynasty, World War II (WWII), and the founding of New China (34, 35). Our study suggested that younger cohorts born during this period had lower prevalence of frailty than the older cohorts. Several studies from Finland and Vietnam have also shown a positive correlation between exposure to potentially traumatic wartime experiences in early life and frailty in later life in the sense that war promotes frailty (36–38). However, the unique social structures of each region may lead to completely opposite conclusions. For example, in the early to mid-20th century, Hong Kong enjoyed relative social stability and economic prosperity compared to the wartime state of the mainland, which resulted in the mid-1900s birth cohorts having more extended life expectancy and higher levels of frailty than cohorts born in the early 1900s (8). In addition, A German-based study also found that cohorts born during WWII (1945s−1948s) had lower FI levels than cohorts born after WWII (1948s−1950s). It may be attributable to the fact that Germany, as the initiator of WWII, did not deteriorate nutritionally during the war but experienced early reconstruction and a severe food crisis after its defeat (39). Thus, we argue that in addition to the direct physical damage caused by the war and social unrest, its concomitant poverty, nutritional and medical resource scarcity, house destruction, poor living conditions, and mental trauma all have adverse long-term effects on health. Furthermore, these traumas, when occurring in early and mid-life (especially critical developmental age), can lead to sustained accumulation of stress and contribute to frailty in later life by affecting genetic stability, cellular function, and inflammatory susceptibility (38).

This study provides an important and reliable addition to extant research studies on frailty. First, this study used data from CLHLS, which is highly representative of Chinese older adults. Second, this study is the first longitudinal study examining the age, period, and cohort effects on frailty trajectory among older adults in mainland China. Third, the older adults in this study have lived through war at varying degrees, facilitating an insight into the impact of social unrest on frailty in developing countries. Fourth, the proportion of centenarians in this study is relatively high, which can provide a valuable insight into the age effect on frailty. Fifth, we used the two most widely used frailty indicators (i.e., frailty phenotype and FI) to enhance the reliability of the results. The study has several limitations. First, it is possible that some frail individuals did not survive in the age and period included in the study, inevitably leading to survival bias that may underestimate the prevalence of frailty. Second, the FI contains numerous chronic disease and ADL variables that are difficult to rehabilitate or reverse, which may falsely enhance the increasing effect of age on frailty. Finally, this study did not include older adults in remote areas of China, and the recent history of China is quite specific, both of which may limit the generalization of our findings.

In conclusion, all of the age effect reflecting the individual aging process, period effect reflecting change in social environment, and birth cohort effect reflecting different generations could significantly influence the prevalence of frailty at the population level. Among the three effects, age was the main effect, and the prevalence of frailty increased significantly along with individual aging. This is in accordance with current knowledge and evidence of aging and frailty. Moreover, it is worth noting that the prevalence of frailty was also influenced by the period effect and birth cohort effect. According to our results, lower prevalence of frailty was observed in more recent cohorts, which provided evidence for the impact of social and environmental factors on the development of frailty at the population level. However, further studies are needed to explore the underlying mechanisms.
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Background: Compared with urban areas, old adults in rural areas have limited access to medical and health resources in China. Active of daily living ability (ADL) decline and depressive symptoms are common in rural older adults. In particular, the depressive symptoms of the elderly in rural areas are often ignored. Thus, it is difficult to realize high-level active aging at the individual level. In order to explore the effects of ADL and depressive symptoms on the active aging of rural elderly, we conducted a survey and analyzed the mediation and interaction effects of depressive symptoms of ADL on active aging.

Methods: From July to November 2019, a cross-sectional study of 945 elderly rural individuals was conducted in three townships in Xiangtan County, China. Active aging, ADL, and depressive symptoms were assessed using the positive aging questionnaire (PAEQ), ADL scale, and depression in old age scale (DIA-S), respectively. PROCESS macro program model 4 and logistic regression were used to explore the mediation and interaction between ADL and depressive symptoms on active aging.

Results: The proportions of rural elderly with an active aging level were 23.5% (well above average), 50.9% (above average), 24.1% (below average), 1.5% (well below average), respectively. The rates of ADL decline and depressive symptoms were 44.7 and 19.7%, respectively. Mediated effect analysis showed that the relationship between ADL and active aging could be partly mediated by depressive symptoms (ab = −0.2382, boot SE = 0.0437), and the 95% confidence interval was [−0.3311, −0.1584]. The mediating effect proportion of the total effect was 30.7%. Logistic regression showed that ADL and depressive symptoms have an interactive additive effect on active aging. The relative excess risk of interaction (RERI), the attributable proportion due to interaction (API), and the synergy index (SI) scores were 13.109, 0.621, and 2.871, respectively. Older adults with ADL decline and depressive symptoms had higher (OR = 21.115) odds of well-below-average active aging compared with older adults with ADL decline (OR = 3.258) or only depressive symptoms (OR = 5.749).

Conclusion: The findings suggest that the association between ADL and active aging is persistent and partly mediated by depressive symptoms, and comorbid depressive symptoms and ADL decline have an additive effect on active aging. Maintaining independence is an important factor for realizing active aging. However, for the rural elderly with ADL decline and low-level active aging, we can promote the realization of high-level active aging at the individual level through the prevention and treatment of depressive symptoms based on multidisciplinary care.

KEYWORDS
  active aging, activities of daily living, depressive symptoms, rural health, aged


Introduction

By 2050, one in six people in the world will be over the age of 65 (16%) (1). This highlights the urgent need to develop novel measures means to tackle. Promoting active aging is a proven policy for an aging society (2). Indeed, many regions and countries have adopted active aging as a national policy (3, 4). China has the largest elderly population in the world. In November 2019, China released the National Medium- and Long-Term Plan for Actively Responding to Population Aging, which is a strategic, comprehensive document guiding China's active response to population aging in the middle of this century (5).

While various active aging policies are being promoted, the active aging of individuals cannot be ignored. The realization of active aging at the national level is inseparable from the high-level active aging of individuals. On an individual level, active aging is defined as “the striving for elements of well beings through activities relating to a person's goals, functional capacities and opportunities” (6, 7). It is a good quality of life state in which older adults can fully utilize their capacity for physical, mental, and social participation to satisfy their own needs, even those with impaired function (8). Based on this concept, more elderly people would become social value creators rather than a social burden.

Due to poor socioeconomic conditions and insufficient medical care (9), the level of active aging among the rural elderly is lower than that in older urban adults (77.00 ± 30.00 vs. 102.40 ± 19.00, respectively) (10, 11). In order to promote high-level active aging, many researchers have analyzed the factors that influence active aging. A systematic review indicated that the main influencing factors of active aging include health status, psychological factors, marital status, education level, economic status, social support, and living conditions (12). Among these, the physical and psychological conditions of the elderly are the most critical factors (13–15) for rural older adults.

Activities of daily living (ADL) are a common predictor of physical function in the elderly and can reflect the health status of elderly individuals. ADL is often referred to as basic or physical ADL, comprising the basic actions that involve caring for one's self and body, including personal care, mobility, and eating etc. (16). ADL decline is often accompanied by disease and aging (17, 18). About 11–20% of rural older adults experience ADL decline (19, 20) in different countries.

A systematic review proposed that ADL decline could hinder the realization of active aging (12). However, some studies have found that the relationship between ADL decline and active aging is not so closely in advanced ages (15). Therefore, further exploration is needed to determine whether ADL decline is an important factor for achieving active aging among the rural elderly. Although it is not entirely clear how ADL decline affects the realization of high-level active aging at the individual level, there might be a third factor affecting the relationship between ADL decline and active aging, such as pain, body mass index (BMI) (19), social support, or depression (12, 21).

Depression is a global public health problem and one of the most common illnesses among older adults (22). The 2015 China Health and Retirement Longitudinal study reported that the prevalence of depressive symptoms in rural older adults is higher (40.7 vs. 25.2%) than that in urban older adults (23). Researchers have also concluded that depressive symptoms reduce the active aging level in elderly populations (24).

Depression and ADL decline are common and often occur together in the elderly (25). Many studies have confirmed that ADL decline caused by disease often leads to depression in older adults (26, 27). Research on old adults in Pakistan suggested that ADL decline might increase symptoms of depression' rate (28). Moreover, a study showed that lower level of depression can accurately predict high-level active aging (29).

Older adults suffer from ADL decline, resulting in difficulties in performing daily activities, feelings of pain, anxiety, and even desperation (30). These individuals may then seek more help from others in their lives, causing them to feel guilty and useless, which seriously affects their mental health. ADL decline can also lead to psychological distress, such as depression. The combination of ADL decline and depressive symptoms has been associated with higher economic costs than either condition separately (31).

According to the literature analysis described above, ADL decline not only affects active aging but also leads to symptoms of depression in the elderly, and depression plays an important role in low-level active aging.

Accordingly, we hypothesize that depressive symptoms mediate the relationship between ADL decline and active aging (Figure 1). Further, as ADL decline and depressive symptoms are interrelated, the greater the decline in ADL, the higher the risk of depressive symptoms.


[image: Figure 1]
FIGURE 1
 Hypothesis of mediating role of depressive symptoms in ADL and active aging. a, b, c', c represent path coefficients.


Based on the gaps in the literature and considering advanced hypotheses, this study explores the correlation between ADL decline and active aging and assesses depressive symptoms as an intermediary of this interaction. The results can provide insights on care for the elderly with ADL decline to promote active aging level in rural areas.



Materials and methods


Study setting and design

This cross-sectional study was carried out from July to November 2019 in rural areas of Xiangtan County. Xiangtan is a moderately developed city in central China. The population aged 60 and above is 597,872, accounting for 21.93% of the city's population (32). The average life expectancy (78.63 years) of Xiangtan is higher than the national (77.30 years) and provincial (77.10 years) life expectancy.



Sampling and data collection

First, we divided all 17 administrative villages in Xiangtan County into high, medium, and low groups according to the farmers' per capita annual income level in 2018. Second, we selected a township for each group randomly. Third, we randomly selected three villages in each township. All the random numbers were generated using an on-line random number generation software (https://www.lddgo.net/string/randomnumber). Finally, nine villages were selected. Under the leadership of village staff, we searched for residents who were 60 years or older, did not present with cognitive impairment, and had continuously lived in the village for half a year or more. Then, we explained the purpose of our survey to the elderly participants and the gift they would receive for participation. With their consent, we conducted a face-to-face survey in the villagers' homes. After the survey, we gave a gift (worth about 10 yuan each) to each respondent to express our gratitude.



Measurement and variables
 
Active aging assessment

Older adults' active aging level was assessed using the positive aging questionnaire (PAEQ) (7). The PAEQ is an individual-level active aging instrument for older Chinese adults. The questionnaire has been widely used and extensively validated in China (33, 34). The measure consists of 21 items and four subscales, including physical vitality, life satisfaction, family support, and active participation. Answers are given on a five-point scale ranging from 1 (no, I totally disagree) to 5 (yes, I totally agree). The total score is the sum of the scores of all items and ranges from 21 to 105 points. The total score is categorized into four levels: well below average (21–42), below average (43–63), above average (64–84), and well above average (85–105). The content validity of the questionnaire was evaluated through a comparison with the literature on the topic and consultation with an expert group. The content validity index (CVI) coefficient of the questionnaire was 1. The credibility and validity of this tool have been established, and it has been used to measure the level of active aging in Chinese elderly adults (33, 34).



Activities of daily living assessment

ADL was measured using the ADL scale of Lawton and Brody (35). The scale includes 14 items: walking, eating, dressing, grooming, bathing, and going to the toilet, using transportation, cooking, housework, taking medicine, laundry, shopping, using the phone, and controlling family income. Responses are scored using a four-point Likert-type scale ranging from 1 (“can do it myself”) to 4 (“cannot do it at all”). Older adults were classified as having an ADL decline if they reported limitation in any of the 14 activities. A total score of 14 indicates independence (no ADL decline), whereas a score >14 indicates ADL decline. The Cronbach's alpha coefficient of the ADL scale in this study was 0.918.



Depressive symptom assessment

The symptoms of depression in old age were measured by the depression in old age scale (DIA-S). It was designed for seniors by Heidenblut and Zank (36) and has been used in Germany and Iran (37, 38). The scale consists of 10 items, answered in a true–false format. Each item is rated 0 or 1. A score of 3 or more indicates depressive symptoms. The Chinese version was translated by Yang and Guo (39). The total Cronbach's alpha of the Chinese DIA-S was 0.829. In this study, the internal consistency coefficient of the scale was 0.787.



Covariates

We collected demographic data, including gender (male or female), age (60–69 or ≥70 years), education years (≤6 or >6 years), marital status (have partner or not), participation in health insurance (participates or not), subjective economic status (poor or good), and chronic disease (have or not).




Statistical analysis

SPSS 24.0 (IBM Corp.) was used to analyze the data. The participants' characteristics were determined using percentages for description. Based on active aging levels, a Chi-square test was used for comparison of characteristics and ADL and depressive symptoms. We used the PROCESS macro program (40) model 4 (mediating effect) to test the mediating effect of depressive symptoms, using gender, age, education, marital status, participation in health insurance, subjective economic status, and chronic disease as the control variables. In the statistical process, we selected 5,000 bootstrap samples and took the robust standard errors and bootstrap confidence intervals of the parameter estimates. If the confidence interval does not include 0, it means that the mediating effect exists.

The additive interaction between ADL and depressive symptoms was explored by calculating three indicators of interaction on an additive scale: the relative excess risk of interaction (RERI), the attributable proportion of interaction (API), and the synergy index (SI) (41). According to the method described by Andersson et al. (42), RERI = 0, API = 0, and SI = 1 show no additive interaction. First, we set up a variable with four categories: (1) joint ADL decline and depressive symptoms, (2) ADL decline only, (3) depressive symptoms only, and (4) no ADL decline and no depressive symptoms. We performed an ordinal logistic regression analysis with the new variable as the independent variable and active aging (1: well above average; 2: above average; 3: below average; 4: well below average) as the dependent variable, with gender, age, education, marital status, participation in health insurance, subjective economic status, and chronic disease as the control variables. The no ADL decline and no depressive symptoms group was used as a reference standard. Based on the estimated values, we calculated the ORs and their 95% confidence intervals (CIs). In addition, we used an Excel sheet (available from https://www.docin.com/p-1701947013.html) to calculate the three indicators (RERI, API, SI) and their 95% CIs.




Results


Participant characteristics

Of the 945 elderly individuals who participated in our study, 10 (1.1%) did not complete the entire questionnaire and were excluded from data analyses. Data on 935 rural older adults were included in the analyses. Table 1 shows the characteristics of rural older adults with different levels of active aging. Of the participants, 477 (51.0%) were males, and 498 (53.3%) were ≥70 years of age. Most of them completed 6 years or less of education and suffered from one or more chronic diseases. There were statistically significant differences in demographics and health characteristics, except for age, and participation in health insurance.


TABLE 1 Distribution of characteristics by active aging status (n, %).
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The active aging level, ADL, and depressive symptoms of participants

A total of 23.5% of the rural elderly participants were at a well-above-average level of active aging (n = 220). The prevalence of low-level active aging (including below-average and well-below-average level) was 25.6%.

Of the 935 participants, 418 (44.7%) reported ADL decline, and 184 (19.7%) had depressive symptoms. In the below-average level of active aging group, about 67.1% of elderly adults had ADL decline, and 44.4% suffered from depressive symptoms. In the well-below-average level of active aging group, the proportion was higher, with 85.7% of the participants suffering from ADL decline and depressive symptoms.

Older adults with low-level active aging reported a higher prevalence of ADL decline (P < 0.001) and depressive symptoms (P < 0.001). Moreover, the participants with low-level active aging were more likely to have fewer years of education, to have no partner, to have a poor subjective economic status, and to suffer from chronic disease (Table 1).



Analysis and test of the mediating effect of depressive symptoms in the elderly in rural areas

We verified the mediating effect of depressive symptoms on ADL and active aging using the PROCESS program in SPSS. The mediating effect analysis of depressive symptoms showed that, after controlling the covariates, ADL significantly and positively predicted the depressive symptoms of rural elderly participants (a = 0.1033, standard error [SE] = 0.0122, P < 0.001), and the depressive symptoms of rural elderly participants significantly and negatively predicted active aging (b = −2.3064, SE = 0.1714, P < 0.001). The direct effect of active aging on ADL was significant (c′ = −0.5383, SE = 0.0659, P < 0.001) (Figure 2). The bootstrap results showed a statistically significant mediating effect of depressive symptoms on ADL and active aging (ab = −0.2382, boot SE = 0.0437), and the 95% CI was [−0.3311, −0.1584] (Table 2). The mediating effect proportion of the total effect was 30.7%.


[image: Figure 2]
FIGURE 2
 Mediation effect of depressive symptoms in the relationship between ADL and active aging. ADL, activities of daily living. The *** symbol indicates the value of P < 0.001.



TABLE 2 Mediating effect of depressive symptoms between ADL and active aging.
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Interaction of depressive symptoms and ADL decline on active aging

Table 3 shows the interaction of depressive symptoms and ADL decline on active aging based on an ordinal logistic regression model. The ORs for well-below-average level active aging were 3.258 and 5.749, respectively, for participants with only ADL decline or depressive symptoms. However, for participants with both ADL decline and depressive symptoms, the well-below-average level active aging regulated OR rose substantially to 21.115. The RERI was 13.109 (95% CI: 2.955–23.262), the API was 0.621 (95% CI: 0.414–0.827), and the SI was 2.871 (95% CI: 1.590–5.184). The findings showed that ADL and depressive symptoms had an additive effect on active aging. The two factors worked together to increase the risk of well-below-average level active aging. Figure 3 shows the well-below-average level active aging ORs, annotating the contributions of different exposure categories (ADL decline and depressive symptoms).


TABLE 3 Interaction effect of depressive symptoms with ADL decline on active aging with an ordinal logistic regression.
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FIGURE 3
 The odds ratio of well-below-average level active aging with contributions from different exposure categories marked (ADL decline and depressive symptoms). U is the reference category (no ADL decline and no depressive symptoms). ADL, activities of daily living.





Discussion

This study reports the active aging of the rural elderly in Xiangtan County. ADL decline and depressive symptoms are important factors affecting the active aging of rural elderly. Depressive symptoms plays a mediate and an interactive additive effect in the process of achieving a high level of active aging of rural elderly with ADL decline. Given ADL decline and depressive symptoms interact with each other, there is an urgent need to integrate the treatment and management of physical function and mental health problems of the elderly into the elderly health care services in rural area.

Physical function and mental health are crucial for achieving a high level of active aging. In our study, in the well-above-average level of active aging group indicts the participants were more independent and had fewer depressive symptoms. It is consistent with the results found in an annual review report (43).

Further, ADL was significantly associated with active aging, which supports the findings of previous studies (24, 44, 45). ADL decline has been linked to lower physical activity, lower life satisfaction, and lower social participation, which are essential components of a low-level active aging state.

Elderly individuals with depressive symptoms are likely to be sedentary and less willing to talk with others (29). In the long run, their physical function and social participation will gradually decline, and they may even develop suicidal tendencies (46). A high level of active aging is also difficult to achieve.

We also found that depressive symptoms are a mediator between ADL and active aging. This helps to explain how ADL decline can lead to low-level active aging. The results of the mediation effect analysis indicated that depressive symptoms partially mediated the link between ADL decline and active aging, attenuating the association by 30.7%. These results are similar to those of a Korean study on ADL decline and quality of life in cancer patients, in which depression played a fully mediating role (47). Some studies have shown that depression is often the result of ADL decline (48), whereas depression is also a risk factor for ADL decline (26). Previous studies have reported that a decline in ADL is associated with depressive symptoms in patients with type 2 diabetes and cardiovascular disease (49). Structural brain abnormalities in depression overlap with ADL controllers in the adult brain (50); thus, ADL decline could have positive effects on depressive symptoms. Regarding psychological and social aspects, ADL decline leads to disability and unproductivity, so people who are in ADL decline will have difficulty performing social and physiological functions, causing people to isolate themselves and become depressed later in life (51, 52). The correlation between ADL and depression is fairly common (53).

In addition, we found that ADL decline and depressive symptoms significantly interacted with active aging. Elderly participants with ADL decline and depressive symptoms were more likely to experience low-level active aging than those with both conditions alone. Depressive symptoms may contribute to ADL decline through lifestyle changes and increased family burden (21). When old adults suffer from ADL decline and depression together, they may have a more severe drop in ADL, which can worsen depression. In rural primary healthcare, many medical institutions usually focus on physical symptoms first, and depressive symptoms are often undetected and easily ignored as a natural phenomenon of aging (54). Due to the shortage of grassroots psychological workers, depression is more difficult to identify in rural elderly individuals. Thus, underdiagnosed and undertreated depressive symptoms may arise in the context of both ADL decline and depression (21). In this situation, it is challenging to support individual active aging.



Recommendations

This study has several implications for active aging interventions targeting elderly individuals with ADL decline. First, effective management and improvement of ADL should be the top priority in accelerating the process of active aging. Due to the lack of health knowledge on elderly individuals in rural areas, ADL decline is often regarded as a normal aging phenomenon, and they rarely go to the hospital for formal treatment (50–52). It is necessary to increase awareness and provide education about physical rehabilitation for the rural elderly population. It is particularly important for primary health workers to promote the evaluation and comprehensive management of ADL of the elderly. ADL decline is not an inevitable phenomenon of aging. As long as there is a proper environment and adequate help, dependence can be changed, reduced, or even prevented through drug and non-drug treatment (53).

In addition to ADL decline, we need to pay attention to the depressive symptoms of elderly individuals. Depression sometimes manifests initially as an unexplained complaint of ADL decline, which may confound the diagnosis. More psychological workers are needed in rural grassroots health service systems. This would aid in the discovery and screening of rural elderly individuals for depressive symptoms and improve the prevention and treatment of depression in this population. When the physical function of the rural elderly has declined, preventing or treating depression in a timely manner can promote high-level active aging. For rural elderly individuals who have depressive symptoms, we can provide continuous and personalized psycho-social interventions, such as physical exercise, skill training, reminiscence, social activities, group support, and multi-component interventions (55). This would help to improve the mental health and quality of life of the elderly and promote active aging.

Above all, when an individual experiences an unexplained decline in ADL, the possibility of depression should be considered.



Conclusions

This study emphasizes the need to pay attention to depressive symptoms in the process of achieving a high-level active aging of rural elderly. Preventing the occurrence of depression and improving the depressive symptoms efficiently are important goals to improve the level of active aging in older adults with ADL decline.
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BMI effect on cognitive

function by sex
Men ‘Women
(n=2,070) (n=12,778)
v, 9 or8 (SE) v, 9 ord (SE)
BMI threshold (y) 23.6817(0.57) 22.937°*4(2.296)
BMI effect (9) 3,186 (0.977) 1163 (1.633)
Additional BMI effect —6.772°* (1.927) —1.851 (2.150)

over threshold (8)

BMI effect on cognitive
function by CVD risk group

CVD Risk No CVD Risk

(n=2,774) (n=12,074)

¥, 9 or8(SE) 7, 9 or8(SE)
BMI threshold () 23.657"(1.164) 20.889**(0.925)
BMI effect () 4.260°** (1.347) 2,939 (2.083)
Additional BMI effect —7.879 (3.222) —3.688 (2.381)

over threshold (§)

Standard errors are in parentheses. Dependent variable is MMSE score. All models
include controls of age, ADL, regular exercise, meeting with friends, houschold income,
nd marital status.

VD Risk group: indi
disease, and cerebrovascular disease in the 3rd, 5th, or 7th survey.
<001, p <005,

iduals with at least one incidence of hypertension, diabetes, heart
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N/A
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0.600°** (0.077)
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Fixed effects
9 (SE)
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Variables Year 2010 Year 2014 Year 2018
M +£SDor M+SDor M+ SD or

n (%) n (%) n (%)

Age 62.623(8948)  66.623(8.948)  70.623(8.948)
ADL 0,032 (0.401) 0.049 (0.496) 0.119(0.787)
BMI 23.410(2636)  23.405(2665)  23.407 (2.694)
MMSE Score 26368(4117)  25914(4602)  25.127 (5.446)
Household income” 7.492 (1.031) 7.499 (1.014) 7.582 (0.889)
Monthly frequency 7.200 (6.292) 6352 (5936) 6126 (6.036)
of meeting friends

General health 1,824 (37.62) 1,424 (2937) 1,263 (26.05)
condition

Marrieds® 4,020 (82.92) 3,868 (79.79) 3,667 (75.64)
Regular exercise’® 1,765 (36.41) 1,649 (34.01) 1,624 (33.50)
Years of education 9.342(3.349) 9342 (3.352) 9352 (3.354)

ach survey year.
ard deviations, n (%): Number of observations (percentage).

YHousehold incom m of household income in 10,000.

$Dummy variable reference groups: * =have a good health status;
th spous

= currently married

and live wil

xercise regularly.
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Variables

Age (per 10 years)
ABC /100 (scores)

2-min step test (per 10 times)
8-ft up-and-go test (s)

ABG, activity-specific balance confidence.

OR

1.56
0.81
0.78
1.32

Univariate analysis

95%CI

127,211
0.70,0.93
0.63,0.94
147,151

p-value

<0.001
<0.001
0.014
<0.01

OR

1.35
0.89
0.85
1.12

Multivariate analysis

95%CI

1.19,3.07
072,096
0.75,0.98
1.08, 1.32

p-value

0.014
0012
0.033
0.047
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Variables Coefficients

(Intercept) 225
Age (years) 001
ABC (scores) ~0.007
2-min step test (times) —0.005
8-ft up-and-go test (5) 006

ABG, activity-specific balance confidence.
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Variables

Age, years
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Mele, n (%)

Smoker, n (%)

Drinker, n (%)

Tea drinker, n (%)

Take exercise, n (%)
Diabetes, n (%)
Hypertension, n (%)
Whole brain volume, cm®
Left hippocampus, cm®
Right hippocampus, cm?
Left amygdala, om®
Right amygdala, cm®
Left globus paliidus, cm®
Right globus palidus, cm®
Baseline MMSE

Follow up of MMSE
MMSE change score
Baseline MoCA

Follow up of MoCA
MoCA change score

MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

*P < 0.05.

Internet users (n = 19)

64.58 1 4.948
11.53 £ 2.695
15 (78.9)
8(42.1)
6(31.6)

13 (68.4)
10 (52.6)
4@1.4)
8(42.1)

1,573.63 + 117.264

4.034 £ 0.410
4.261+£0.377
1.718 £ 0.242
1.877 £0.288
2.167 4 0.256
2.123 £0.206
2853+ 1.712
28.25 + 1.658
0.000 £ 2.044
26.16 4 2.630
25.42 +3.088
0.000 + 3.104

Non-internet users (n = 30)

64.90 + 4.444
11.37 £ 2.760
25(83.3)
14 (46.7)
8(26.7)

14 (46.7)

21 (70.0)
6(20.0)

13 (43.3)
1,524.69 + 92.251
3.747 £ 0.342
3971 +0.361
15794 0.185
1.785 + 0234
2,034 +0.167
1.938 +0.173
28.77 +1.305
27.82.+ 1,879
—1.177 £1.287
25.87 + 2,623
25,82 + 3,187
0.824 + 3,087

X2ortorZ

-0.236
0.199
0.149
0.008
0.138
2225
1610
0.008
0.007
1.627
2648
2.602
2.260
1.889
2210
3.374

-0.556
0.631

—2.235
0.378

-0.343

-0.709

P-Value

0.815
0.843
0.720
0.777
0.754
0.155
0.242
1.000
1.000
0.110
0.011*
0.012*
0.028"
0.065
0.032"
0.001*
0581

0533
0.083*
0.707
0.734
0.485





OPS/images/fpubh-10-848284/crossmark.jpg
©

2

i

|





OPS/images/fpubh-10-848284/fpubh-10-848284-g001.gif
Fint Survey Q003 yea)
1602

v

Inthe period from 2003 vt 2013
Died,a= 158
Changed addsess,a = 47
Declined toparicipate, n=22

Hod sesous helthproblems, 2. 11
Did notrespond, a = 435

Infomed conseat ot

Socio-demogrphic characteristis

Behavioal factorsand self pereived healh
Laboratory tests,_total cholesteol, o deasi
lipopeotein _cholesterol, highdeasity lpoprotein
cholesecol and igyceride, ghcose

Acerial lood presue

Body mass index

Basic Nowdi Sleep Questionnsie

‘Sccond Survey Q013 yea a 100
Follow up
=931

Blood was ot tken, 0= 1.
Excluded due o severe thyroid
dysfuncrion,n = 15

Tnformed consent for
Sociodemographic characteistics
Bebasioral fctorsand self peceived heskth
Arerial lood pressue

Body mas index

Basi Nordic Slcp Questioassie

Labocatory tests: total cholesterol, ow-deasity
lpoprotein _cholestecol, ighdensty  lipopeoreia
choleserol aad trigycerde, gucose

Blood seum (fozen a1 70 °C) .= $50

I

Final stody cohort
=835

Anlysis of s nsulin
Homeostass model asessncat of sl resistance






OPS/images/fpubh-10-886974/crossmark.jpg
©

2

i

|





OPS/images/fpubh-10-886974/fpubh-10-886974-g001.gif
‘Change score of MMSE

Left pallidum(em3)





OPS/images/fpubh-10-886974/fpubh-10-886974-t001.jpg
Variables MCI (n = 610) Dementia (n = 192) Normal (n = 2,218) ForX? P-Value

Age, years 73.85 + 8.238 7883 + 7.538 70.10 + 7.531 145.759 <0001
Education, years 6.68+3.225 6.47 +3.008 683+ 3.505 1314 0269
Male, n (%) 233 (382) 71@37.0) 1,074 (48.4) 26347 <0001
Smoker, n (%) 147 (24.1) 43 (22.4) 650 (29.3) 9.460 0.009°
Drinker, n (%) 119 (19.5) 31(16.1) 475 (21.4) 3.646 0.162
Tea drinker, n (%) 220 (36.1) 57(29.7) 1,116 (50.3) 61.390 <0001
Take exercise, n (%) 380 (63.8) %2 (47.9) 1,689 (76.1) 94.345 <0001
Diabtes, n (%) 108 (17.7) 49(25.5) 346 (15.6) 13136 0.001*
Hypertension, n (%) 294 (482) 112 (58.3) 1,029 (46.4) 10244 0.006"
Internet use 17 (56) 223 218 (15.1) 29.750 <0001
MMSE 22,38 £5.729 13.97 £7.412 26.80 + 3.508 877.044 <0001
MoCA 16.72 £ 6.150 9.10 % 6.250 2279 +5.179 724.147 <0001

MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.
*P < 0.05.
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Variables

mel
Age

Male
Smoker

Tea drinker
Take exercise
Diabetes
Hypertension
Internet use
Dementia
Age

Male

Smoker

Tea drinker
Take exercise
Diabetes
Hypertension
Internet use

0.079
-0.335
0.159
-0.267
-0.131
0.184
-0.100
-0.738

0.134
-0.268
0178
-0.431
-0.907
0.633
0.414
-0.935

MCI, mild cognitive impairment.

*P < 0.05.

SE

0.009
0.166
0.185
0.147
0.162
0.182
0.139
0.304

0.016
0.285
0.326
0.263
0.243
0.284
0.252
0.737

Wald

79.167
4.048
0.733
3.303
0.743
1.021
0513
5.897

71.746
0.819
0.297
2679
13.917
4.960
2705
1.609

P-Value

<0.001*
0.044%
0.392
0.089
0.389
0312
0.474
0.015*

<0.001*
0.365
0586
0.102

<0.001*
0.026*
0.100
0.205

OR

1.082
0.716
1172
0.766
0.877
1.202
0.905
0478

1.143
0.773
1.195
0.650
0.404
1.883
1513
0.393

95% confidence interval

1.063-1.101
0.516-0.991
0.815-1.686
0.574-1.021
0.661-1.182
0.842-1.716
0.689-1.189
0.264-0.867

1.108-1.179
0.442-1.351
0.630-2.265
0.388-1.089
0.251-0.650
1.079-3.287
0.924-2.478
0.093-1.665
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Bedroom

Restaurant

Corridor

Consultation
room

**p < 0.001.

Factors

Acoustic
Lighting
Thermal-Env
1AQ
Acoustic
Lighting
Thermal-Env
1AQ
Acoustic
Lighting
Thermal-Env
1AQ
Acoustic
Lighting
Thermal-Env
1AQ
Acoustic
Lighting
Thermal-Env
1AQ

Mean subjective
evaluations

4.59/1.845
4.13/2.042
6.21/1.916
4.31/2.004
3.82/1.794
3.96/1.965
4.67/1.959
4.12/2.060
5.28/1.992
4.83/1.988
4.811.747
5.16/1.812
3.66/1.798
3.40/1.946
4.96/1.935
3.45/1.837
3.45/1.783
4.76/1.963
5.20/1.895
4.57/1.864

Correlation
coefficient

0.717/0.000 ()
0.705/0.000 (***)
0.782/0.000 ()
0.736/0.000 (***)
0.695/0.000 ()
0.740/0.000 (***)
0.849/0.000 ()
0.715/0.000 (**)
0.784/0.000 ()
0.666/0.000 (*+)
0.694/0.000 (*+)
0.708/0.000 ()
0.826/0.000 (*+)
0.701/0.000 ()
0.849/0.000 (*+)
0.664/0.000 (")
0.674/0.000 ()
0.726/0.000 ()
0.851/0.000 ()
0.658/0.000 (*+)
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Seasonal factors

Location factors

Factors

Spring
Summer
Autumn
Winter

F

p

"

Bedroom
Actiity room
Restaurant
Coridor
Consulation room

Acoustic

4514
4979
4.409
3.459
32.732
0.003
0.069
4.391

4613
4.802
3.767
5.228
37.732
0.000
0.146

Lighting

4.207
3.687
4.909
3.946
34.923
0.001

0.073
4877
4.540
3.937
4.163
3.895
35.483
0.001

0.139

Thermal-Environment

4.168
3.987
4.965
4188
24.794
0.005
0.083
4.803
4.798
3.753
4.562
5.014
32.504
0.000
0.129

1AQ

5.183
4179
5.071
4113
22.746
0.000
0.049
5.140
4.708
4275
4.302
4.395
38.416
0.002
0.149
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Gender

Age

Education

Pension

Residencetime

Former residence

Marital status

Male
Female

n

<65
66-75
75-85

>85

E

P

g
Basic-Edu
Secondary-Edu
Higher-Edu
.

P

L]

<1 year
1-3 years
35 years
>5 years

E

5

%
Countryside
Country town
Suburb
City

M

3

L

Single
Married
Widowed
Divorced

e

e

Acoustics

an
4.34
4.945
0.345
3.661
5.12
4.13
4.24
531
9.848
0
3.554
3.56
4.55
4.61
28.965
0
3.443
252
5.03
484
109.697
0
2.938
3.92
4.22
4.86
5.31
13.308
0
3513
4.23
4.05
3.94
4.63
1.942
0.164
3.593
552
4.83
3.04
4.53
12.108
0.001
3

Lighting

4.6
4.22
5.076
0.939
4.154
5
3.98
4.21
554
9.301
0
4.036
3.43
4.53
4.63
30.405
0
3.89
251
4.92
5.03
109.458
0
3.332
3.82
421
4.83
5.12
13.108
0
3.985
4.12
4.05
3.74
4.53
2619
0.106
4.055
5.42
4.75
294
4.63
9.307
0.002
3.454

Temperature

534
512
3927
0531
2.141
492
4.94
506
504
1.18
0.086
1.147
507
498
474
2579
0077
2119
464
494
492
1.234
0.094
2445
484
486
513
455
4.741
004
3.142
392
465
478
502
64.626
0.000
1.176
402
4.95
468
502
13.908
o
1.245

Hunmidity

511
4.62
9.879
0.424
5718
3.04
4.7
5.24
3
34.711
0
4232
4.8
4.28
6.19
12.699
0
4.594
5.54
4.22
4.73
17.677
0
4.544
451
4.83
4.93
4
13.96
0
4517
3.64
3.84
472
554
80.480
0010
4.156
245
3.94
5.24
6.17
58.512
0
3.959

Basic-Edu includes primary school or lower; Secondary-Edu includes junior or senior school: Higher-Edu includes college or higher education.

Odor

4.83
452
6.932
0.352
4.716
3.14
4.56
5.04
2.08
25.278

4.365
458
425
4.94

6.706

0.001

4.654
5.52
412
434

28.344

4.439
421
474
492
404

14586

4.506
347
3.76
4.64
5.46

84.905

0.000

4171
223
3.84
5.01
5.62

53.677

4.008

1AQ

4.83
45
5.395
0.693
3.885
5.16
4.37
4.54
632
6.949
0
3.804
3.68
4.82
4.99
39.926
0
3.667
2.61
522
524
101.611
0
3.161
I3
4.52
5.21
6.1
27.762
0
5.672
4.44
4.20
4.23
4.96
4.974
0.026
3.790
5.93
5.1
3.13
4.86
14,945
0
3.19
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Variables Mean (SD) /Percent

Individual characteristics (N = 16,337)

Cognition 20112 14.75 (6.51)
Cogrition 2013 14.13(6.01)
Cogpnition 2015 13.47 (6.08)
Cognition 2018 12,37 (7.18)
Episodic memory 2011 7.04 (3.48)
Episodic memory 2013 6.82 (3.69)
Episodic memory 2015 6.18(3.76)
Episodic memory 2018 5.92 (4.69)
Mental status 2011 7.52(3.19)
Mental status 2013 7.31(3.26)
Mental status 2015 7.20(3.24)
Mental status 2018 6.45 (3.26)
Age 58.83 (0.56)
Female 51.4
Education
None 268
Primary school 396
Middle school and above 336
Marriod 812
ving arrangement
Alone/with spouse only 314
With children 59.7
With other refatives 89
Annual household expenditure in CNY' 21,747 (19,857)
Physical activity hours per week 26.33(16.81)
Social activities 0.70 0.85)
Community characteristics (N = 448)
Average PMy s in p.g/m® in 2000 to 2010 44.34 (18.53)
Greenspace coverage rate in percentage 37.80(7.51)
Average January temperature in 1981-2010 < —10°C 14.1
Average July temperature in 1981-2010 = 28°C 222
Average annual precipitation in 1981-2010 > 80cm 609
Urban community 335
GDP in CNY100 milion 2,406 (3.058)
Population density in 1,000 persons/km? 0.47(0.33)

Unless otherwise specified, these desariptive statistics are for the baseline survey year
(2011). *Number of cases for cognition measures is 13,967 in 2011, 13,356 in 2013,
13,260 in 2015, and 12,046 in 2018.
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Variables

Change rate: Time
Intercept
Individual level controls
Female
Age (centered at 45)
Education (ref = none)
Primary school
Middle school and above
Married
Living arrangement (ref = alone or with spouse only)
Living with children
Living with others
Annual household expenditure (log)
Community characteristics
PMzs in pg/m®
Greenspace coverage rate in percentage
January temperature < —10 °C
July temperature > 28 °C
Annual precipitation > 80cm
Urban community
GDP in GNY100 million (log)
Population density in 1,000 persons/km?
Mediators
Physical activity hours per week (log)
Social activities
Change rate by community characteristics
Time * PMzs in ug/m®
Time * Greenspace coverage rate in percentage
Time * January temperature < 10 °C
Time * July temperature >28 °C
Time * Annual precipitation >80cm
Time * Urban community
Time * GDP in GNY100 milion (og)
Time * Population density in 1,000 persons/km?
Change rate by mediators
Time * Physical activity hours per week (log)
Time * Social activities
Random effects
Community level variance
Change rate
Intercept
Individual level variance
Change rate
Intercept
Residual variance
Observations.
Number of groups
Chi-square
df

‘p < 0.01, *p < 0.05 (two-tailed tests).

Model 1

—0.54*
937

-0.50"
-0.13*

434"
6.95™
0.47*

-0.31*
0.01
0.20"

—0.004
0.05*
0.38
0.57*
-0.58"

0.001
0.01™
0.08
-0.04
—0.15*

0.05™
1.76™

0.16™
851
bk
52,629
448
13,350
19

Model 2

-0.79*
9.58"

-0.54"
-0.13"

4.20"
6.81"
0.47**

-0.30"
0.02
0.19*

-0.01
0.08*
0.21
033
—0.45™
1.43"
0.02
041

0.001
0.002
0.05
-0.06
-0.13*
0.14*
0.06*
—-0.06

0.04
12r*

0.16*
8.50"
11.18*
52,629
448
13,827
25

Model 3

-0.80"
9.25"

-050"
-013+

4.20"
6.83*
0.46*

030"
0.01
0.19*

-0.01
0.03*
0.19
0.34
—0.47"
1.50"
0.02
0.41

0.10*

0.001
0.002
0.05
-0.06
-0.13*
0.14*
0.05*
—-0.07

0.002

0.04*
1.2

0.16*
847"
1147+
52,629
448
13,876
27

Model 4

-0.79"
9.54™

-0.52"
-0.13"

425"
6.68™
0.63"

-0.26*
0.03
017+

-0.01
0.03*
017
0.34*
—0.47"
1.33*
-0.01
0.42

0.69*

0.001
0.002
0.06
-0.06
-0.13*
0.14™
0.05"
—-0.07

0.003

0.04™
115

017"
829"
AT
52,629
448
14,348
27
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Endowment insurance

Medical insurance

Other social assistance

Endowment insurance x infrastructure

Medical insurance x infrastructure

Other social assistance x infrastructure.

Endowment insurance x activity places

Medical insurance x activity places

Other social assistance x activity places

Endowment insurance x medical institutions

Medical insurance x medical institutions.

Other social assistance x medical institutions

Control variables
N
R?

‘p<0.1,"p < 0.05 and “p < 0.01.

V)
Self-rated
health

0013
(0.064)
—0.184""
(0.069)
0078
(0.098)
0.008
©0.011)
—0.041**
0.010)
-0010
©0.017)

Control
4,845
0.013

@
Self-rated
health

0.073"
(0.039)
-0.025
(0.049)
0034
(0.060)

-0.008
(0.005)

~0.006"
(0.003)
0.001
(0.005)

Control
4,845
0.014

®)
Self-rated
health

0,029
(0.040)
~0.049
(0.049)
0027

(0.060)

-0.012
0.016)
0014
(0.014)
0.001
(0.025)
Control
4,845
0013

@ ®)
Number of Number of
chronic chronic
diseases diseases
-0.088 ~0.005
(0.057) (0.035)
0371 0200
(0.062) (0.045)
-0.127* -0.043
(0.076) (0.0476)

0.004
0.010)
—0.049"*
(0.009)
0012
0.013)
~0.003
(0.003)
~0.009""*
(0.003)
-0010
(0.007)
Control Control
9,785 9,785
0.001 0.003

©
Number of
chronic
diseases

—0.059
(0.037)
0.102
(0.044)
~0.119"
(0.047)

—0.041
(0.035)
0018
0.013)
~0005

Control
9,785
0.093
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Endowment insurance

Medical insurance

Other social assistance

Endowment insurance x infrastructure

Medical insurance x infrastructure

Other social assistance x infrastructure

Endowment insurance x activity places

Medical insurance x activity places

Other social assistance x activity places

Endowment insurance x medical institutions

Medical insurance x medical institutions

Other social assistance x medical institutions

Control variables

_cons

N
A

‘p<0.1,"p < 0.05 and "p < 0.01.

)
Degree of
depression

0079
(0.053)
0072
(0.058)
—0576""
(0.071)
~0.001
(0.009)
0028
(0.008)
0015
(0.012)

Control
0.108
(0.131)
9,785
0015

@
Degree of
depression

0.039
(0.082)
0016
(0.041)

~0.469"*
(0.043)

0.007*
(0.003)
0,007
(0.003)
~0.019™
(0.004)

Control
~0.030
(0.124)

9,785
0016

©®)

Degree of
depression

0070
(0.033)
0074"
(0.041)

—0.565"
0.043)

0015
0.014)
—0.001
©0.012)
-0.080"
©.017)

Control
—0.049
(0.128)
9,785
0015

@
Cognitive
level
0.095
(0.063)
0.091

(0.084)
0031
©o011)
0054
(0.010)
0.006
(0.0152)

Control

3769
(0.158)
9,785
0.182

®)
Cognitive
level

-0.033
(0.038)
0.119"
0.048)

~1.019
(0.051)

0015
(0.004)
0002
(0.003)

—0.048""*
(0.005)

Control

35727
(0.145)
9,785
0213

©
Cognitive
level

~0010
(0.039)
0202
(0.048)

—1.328
(0.050)

0,052
(©0.016)
0.004
0.014)
-0.089"
(0.020)
Control
3.508"*
(0.145)
9,785
0205
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The number of surviving children

Number of siblings

Children's financial support

Parental financial support

The number of surviving children x
infrastructure

The number of siblings x infrastructure

Children’s financial support x
infrastructure

Parental financial support x infrastructure

The number of surviving children x activity
places

The number of siblings x activty places

Children's financial support x activity
places

Parental financial support x actiity places

‘The number of surviving children x
medical institutions

The number of siblings x medical
institutions

Children’s financial support x medical
institutions.

Parental financial support x medical
institutions

Control variables
N
R

‘p<0.1,"p < 0.05 and "p < 0.01.

U]
Self-rated
health

0.0208
(0.0230)
00615
(0.0159)
~0.0000112"
(0.00000547)
0.0000683
(0.0000654)
0.00388

(0.00390)
-0.0119**
(0.00279)
0.00000186"

(0.000000912)
—0.0000197
(0.0000162)

Control
4,545
0.017

@
Self-rated
health

0.045%
©0.015)
0,023
0.010)

—0.053"
(0.024)
~0.131
(0.108)

-0.0003

(0.0013)
~0.0022"
(0.0009)
0,002

(0.001)
0028
0019)

Control
4,545
0.018

@
Self-rated
health

0.043™
©0.016)
~0.002
©0.010)
0009
(0.025)
-0.071
(0.095)

0.001

(0.008)
0003

(0.004)
—0.005

0.013)
0.114

©141)

Control
4545
0017

@
Number of
chronic
diseases

0.038"
(0.020)
0074
0.014)
0077+
(0.036)
0254
(0.467)
-00003

(0.003)
—0.009"*
(0.003)
-0.018"

(0.008)
-0.003
©.112)

Control
9,785
0.090

®
Number of
chronic
diseases

0.036"
(0.014)
0085
(0.009)
0.022
(0.019)
~0.096
(0.139)

0.0003

(0.001)
—0.003""
(0.001)
~0.001

~0.001
-0.006
0.014)

Control
9,785
0.090

©
Number of
chronic
diseases

0.037*
0.014)
0041+
(0.009)
0.021
©.018)
~0.104
(0.125)

0.002

(0.008)
~0.005

(0.004)
-0.011

(0.009)
-0033

Control
9,785
0.089
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U]

Degree of
depression

The number of surviving children -0.035*
0.018)

The number of siblings —0.084"
0.013)

Children's financial support ~0.044
(0.035)

Parental financial support ~0.563
(0532)

The number of surviving children x 0.0001

infrastructure
(0.003)

The number of siblings x infrastructure 0.008"*
(0.002)

Children’s financial support x 0.012*

infrastructure
(0.007)

Parental financial support x infrastructure 0.121
(0.130)

The number of surviving children x activity

places

The number of siblings x activity places

Children's financial support x activity

places

Parental financial support x activty places

The number of surviving children x

medical institutions

The number of siblings x medical

institutions

Children's financial support x medical

institutions

Parental financial support x medical

institutions

Control variables Control
~0.140
(0.155)

N 9,785

R 0019

‘p<0.1,"p < 0.05 and “p < 0.01.

@
Degree of
depression

~0.040"
©.013)
~0.011
(0.009)
~0.024
(0.022)
~0300
(0.281)

—0.001

(0.001)

0,003
(0.001)
0.005*

(0.003)
0046
(0.036)

Control
—0.305™
0.142)
9,785
0013

®)
Degree of
depression

—0.043"*
0.0131)
0.0083
(0.008)
~0012
(©0.018)
-0.117
(0.144)

-0.002

(0.004)
0.001

(0.003)
0016*

(0.009)
0.096

(0.087)
Control
-0.333"
(0.141)
9,785
0018

@
Cognitive
level

—0.414™

(0.021)

~0.015
0.014)
0.065"
0.037)

~0.759
0.478)

0016

(0.0035)
0.007**

(0.003)
-0.011*

(0.006)
0.176
©.115)

Control
3516™
©.474)
9,785
0.207

®)
Cognitive
level

~0.007"
(0.014)
0.007
(0.009)
00617
(0.019)
-0.051
(0.136)

0.005™*

(0.001)
0003
(0.001)

-0.008"

(0.0008)
0,008
(0.014)

Control

3285
(0.155)
9,785
0.228

—0077"
(0.014)
0028
(0.009)
0016
©0.018)
-0.077
(0.129)

0.008

(0.005)
0.002

(0.003)
-0.008

(0.008)
0.0717

(0.074)
Control
3162

(0.154)

9,785

0223
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Variables

Change rate: Time

Intercept

Community characteristics

PM; 5 in pg/m®

Greenspace coverage rate in percentage
January temperature < —10°C

July temperature >28 °C

Annual precipitation =80cm

Urban community

GDP in GNY100 million (log)

Population density in 1,000 persons/km?
Mediators

Physical activity hours per week (log)
Social activities

Change rate by community characteristics

Time * PMys in ug/m?

Time * Greenspace coverage rate in percentage

Time * January temperature < —10°C
Time * July temperature =28 °C

Time * Annual precipitation 80cm
Time * Urban community

Time * GDP in CNY100 million (log)

Time * Population density in 1,000 persons/km?

Change rate by mediators
Time * Physical activity hours per week (iog)
Time * Social activities

Model 1

—0.40"
561

-0.01*
0.01
0.04
0.25"

—0.42*

0.001
0.01*
0.08"
-0.03
-0.13*

Episodic memory

Model 2

—-0.59"
635"

-0.01
0.004
-0.07
0.19
-0.39"
0.63"
-0.11
0.09

0.001
0.003*
0.06
-0.05"
-0.11*
0.12"
0.04*
001

Individual level covariates were included in all models (details available upon request).

Model 3

—0.60""
6.18"

-0.01
0.004
-0.07
0.19
—0.40"
0.66*
-0.11
0.09

0.05*

0.001
0.003*
0.06
-0.05"
=011
0.12*
0.04*
001

0.004

Model 4

—-059"
633"

-0.01*
0.004
-0.09
0.19+

—0.40"
057"
-0.13*

0.09

0.34™

0.001
0.003*
0.06
-0.05"
-0.11*
0.12"
0.04*
-0.01

0.002

Model 1

—-0.12"
3.48"

0.004
0.04*
0.37**
031"
-0.15

-0.0004
—0.0001
-0.01
—-0.005
-0.02

< 0.01, *p < 0.05 (two-tailed tests).

Mental status
Model 2 Model 3
—0.18" —047"

294" 273"
0.0003 0.0002
0.02** 0.02*
0.31* 0.30*
0.13 0.13
-0.05 -0.06
0.79™ 0.84™
0.13* 0.13*
041 041
0.07*
0.0001 0.0001
—0.001 —-0.001
-0.01 -0.01
0.0003 0.0002
-0.02 -0.02
0.02 0.02
0.01 0.01
007" —-0.07"
—0.005*

Model 4

-0.18"
292"

—0.0003
0.02*
0.29*
0.13
-0.06
0.75™
0.12*
0.41**

0.27

0.0001
—0.001
-0.01
0.0005
-0.02
0.02
0.01
—0.07"

-0.004
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Men

CVD risk No CVD risk
(n=1,159) (n=911)
@ ord (SE) ¥, & ord (SE)
BMI threshold (y) 23.319°**(0.822) 21.008***(1.093)
BMI effect (9) 3.857"*(1.568) 2.890"* (1.448)
Additional BMI effect over threshold (5) —6.777***(2.286) —3.560"* (1.533)

Standard errors are in parentheses. Dependent variable is MMSE score. All models include controls of age, ADL, regular exercise,

marital status.
CVD Risk group: individuals with at least one
" p<0.01,” p<0.05,” p<0.1.

Women
CVD Risk No CVD Risk
(n=1,615) (n=1,163)
y, 9 ord (SE) . 0 ord (SE)
23.009*(0.910) 24.049"(2.221)
3,595 (1.939) —0.949 (0.736)
—5.540 (2.728) 2.348 (1.429)

meeting with friends, household income, and

dence of hypertension, diabetes, heart disease, and cerebrovaseular discase in the 3rd, 5th, or 7th survey.
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Variable

Children’s education

Children’s income:

Living pattem

Control variables.
Constant

Observations

‘0 < 0.05, ***p < 0.01.

Living
pattern
(U]

0012+
(0.008)
0.110"
0.022)

Yes
2835
(0.189)
10,128

Self-rated
health

@

0019
(0.005)
0.243
(0018
0,087
(0.027)
Yes
2.821"
(0.150)
10,128

Physical
health

@

0,010
(0.002)
0,083
(0.009)
0,033
(0.014)
Yes
2.883
(0.077)
10,128

Mental
health

@

0,058
©.010)
0380
0.037)
0312

421
(0.326)
10,128
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Variable

Panel A
Childrens
Children’s education

income.

Gender
Age

Marriage

Education years

Place of residence

Logarithm of household income
Panel B

Children’s income:

Children's education

Gender

Age

Marriage

Education years

Place of residence

Logarithm of household income
Panel C

Children's income

Children’s education

Gender

Age

Marriage

Education years

Place of residence

Logarithm of household income

3

Self-rated health
0.240
0.016
0.100
-0.0156
-0.016
0.027
0.113
0.0356
Physical health
0.083
0.009
0.099
—0.031
0.082
0.075
0.061
0.029
Mental health
0.359
0.056
0.106
-0.014
0.605
0.111
0.300
0.066

SE

0.016
0.004
0.024
0.002
0.027
0.009
0.027
0.006

0.008
0.002
0.012
0.001
0014
0.005
0014
0.003

0.035
0.009
0.052
0.004
0.059
0.020
0.059
0.015

T-values

14.83
3.67
4.10
-9.59
-0.60
2.93
423
5.64

9.99
3.96
7.99
-38.72
230
15.77
4.46
9.05

1023
596
204

-390
1023
554
507
4.48

p-values

0.000
0.000
0.000
0.000
0.548
0,003
0.000
0.000

0.000
0.000
0.000
0.000
0.021
0.000
0.000
0.000

0.000
0.000
0.042
0.000
0.000
0.000
0.000
0.000

95% ClI

0.208
0.007
0.052
-0.018
-0.069
0.009
0.061
0.023

0.066
0.004
0.075
-0.082
0.005
0.066
0.034
0.023

0.290
0.038
0.004
-0.021
0.489
0.072
0.184
0.037

0.272
0.024
0.148
-0.012
0.037
0046
0.165
0.048

0.099
0013
0.124
-0.029
0.058
0.084
0.087
0.035

0.428
0.075
0.207
-0.007
0.720
0.151
0.416
0.095
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Variable name Self-rated health Physical health Mental health Children’s income Children’s education

Self-rated health 1

Physical health 0.387** 1

Mental health 0.352 0.29: 1

Children’s income: 0.186™" 0.118"™ 0170 1

Children’s education level 0.174** 0.267** 0205 0.295"* 1

0 < 0,01
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Stratified by BMI Non-adjusted model Minimally-adjusted model Fully-adjusted model

(kg/m?) B (95% CI) P-value B (95% CI) P-value B (95% CI) P-value
Healthy Weight ~0.013 (=0.021, —0.006) *** ~0.007 (=0.015,0.001) ~0.007 (=0.015,0.001)
(BMI <25)

Overweight —0021 (~0.029, ~0.014) *** ~0.019 (0027, ~0.012) *** —0.017 (~0.025, ~0.010) ***
(25 < BMI < 30)

Obesity ~0.011 (=019, ~0.004) ** ~0.010 (<0018, ~0.003) ** ~0.005 (~0.012,0.003)
(BMI = 30)

nder, and race were adjusted. Fully adjusted model: age, gender, race; education level, marital status,

d total protein intake were adjusted.

imally adjus

Non-adjusted model: no covariates were adjusted. Mi d model: age,

income poverty ratio, smoking behavior, hypertension, diabetes, total calcium intake,
#1p <0.01,***p < 0.001.
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Variable

Dependent variable

Independent variable

Mediating variable

Control variable

Self-rated health (SRH)
Physical health (IADL)
Mental health (CESD)
Chidren's education years
Children's income level
Housing arrangements
Living with children
Not living with chidren
Chidren’ financial support
Social capital
Age
Gender

Female

Male
Marital status

With spouse

Single, divorced or widowed
Education years
Place of residence

Rural

Utban
Logarithm of family income:

Obs

10,460
10,460
10,460
10,460
10,460
10,128

10,128
10,128
10,460
10,460

10,460

10,460
10,460

10,460

Range

10-30
10-30
0-22
0-156.12
0-1

0-5.12

60-113
0-1

0-16
0-1

0-11.51

Mean (SD)

3.02(0.86)
2870 (2.62)
25.17(3.88)
11,10 3.34)
6.28 (1.69)

2.13(0.34)

20.18 (8.62)

69.49 (7.52)

9.29(5.34)

9.14(1.88)

Percent

46.09
5391

45.72
54.28

29.00

71.00

33.99
66.01
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Stratified by age
(years)

20-29
30-39
40-49
50-59

Non-adjusted model: no covariates were adjusted.
poverty ratio, BMI, smoking behavior, hypertension, diabetes, total calci
“p < 0.05,%p < 0.01,***p < 0.001.

Non-adjusted model
B (95% CI) P-value

~0.005 (~0.014, 0.003)
—~0.015 (~0.024, —0.006) **
—0.018 (0,027, —0.009) ***
—0.014 (~0.022, ~0.006) ***

imally adjusted model: gender and race were adjusted. Fy
ake, and total protei

Minimally-adjusted model
B (95% CI) P-value

~0.005 (~0.013,0.004)

—0.011 (=0.020, —0.002) *
~0.015 (~0.024, ~0.007) ***
~0.011 (~0.019, ~0.003) **

take were adjusted.

Fully-adjusted model
B (95% CI) P-value

~0.004 (~0.013,0.005)

—0.009 (~0.019, —0.000) *

~0.014 (~0.023, —0.006) **
~0.006 (~0.014, 0.002)

ly adjusted model: gender, race, education level, marital status, income
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Stratified by gender Non-adjusted model Minimally-adjusted model Fully-adjusted model

B (95% CI) P-value B (95% CI) P-value B (95% CI) P-value
Men —0.013 (—0.020, —0.007) *** —0.013 (—0.019, —0.006) *** —0.009 (—0.015, —0.003) **
‘Women —0.015 (—0.021, —0.009) *** —0.009 (—0.015, —0.003) ** —0.009 (—0.015, —0.003) **

0 covark

Non-adjusted mod
ratio, BMI, smoking behavior, hy,
**p < 0.01,%*p < 0.001.

were adjusted. Minimally adj
n, diabetes, total cal

d model: age and race were adjusted. Fully adj
ntake, and total prot

.d model: age, race, education level, marital status, income poverty

ntake were adjusted.
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Independent variable

Cardiovascular disease
IR without (1)/with (2)
Low physical activity
IR without (1)with (2)
Hypercholesterolemia
IR without (1)/with (2)
Hypertriglyceridemia
IR without (1)/with (2)
Metabolic syndrome
IR without (1)with (2)
Smoking regular

IR without (1)/with (2)
Diabetes mellitus

IR without (1)with (2)
Obesity

IR without (1)/with (2)

Model 1 OR (95% Cl)

2.79

6.56

1.15

6.14

5.68

(0.38-2.42)

(0.91-1.40)

(1.19-1.88)

(2.12-3.68)

(6.17-8.34)

(0.89-1.49)

(4.08-0.24)

(4.50-7.14)

P

<0.001

0.286

<0.001

<0.001

<0.001

0.295

<0.001

<0.001

OR, odds ratio; Cl, confidence interval; IR, insuiin resistance; p < 0.05 in bold.
Model 1, insulin resistance; Model 2, insulin resistance, adjusted for a 10-year period, sex, age, education.

Model 2 OR (95% Cl)

155

1.12

1.19

275

6.75

115

6.15

590

(1.14-2.10)

(0.90-1.40)

(0.94-1.50)

(2.08-3.64)

(5.28-8.69)

(0.87-152)

(4.05-9.35)

(4.67-7.47)

0.005

0.304

0.145

<0.001

<0.001

0.333

<0.001

<0.001

Sensitivity, %

86.7

33.1

75.1

238

51.4

13.7

18.2

Specificity, %

219

69.5

35.1

89.9

89.0

84.7

96.9

822
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Models Non-adjusted model
B (95% CI) P-value

LDL CHOLESTEROL(mg/dL) —0.014 (=0.018, —0.010) ***
LDL CHOLESTEROL (quartile)
Q1 Reference
@ ~0.013 (=0.025, ~0.001) *
Q3 —0.026 (~0.038, —0.013) ***
Q4 —0.037 (=0.050, —0.025) ***
P for trend <0.001

d model: g

Non-adjusted model: no covariates were adjusted. Min

income poverty ratio, BMI, smoking behavior, hypertension, diabetes, total calcium intake, and total prot

*p < 0.05,**p < 0.01,***p < 0.001.

gender, and race were adjuste

Minimally-adjusted model

B (95% CI) P-value

—0.012 (-0.016, —0.007) ***

Reference
—0.008 (~0.020,0.004)
—0.018 (~0.030, —0.005) **
—0.030 (—0.042, =0.018) ***
<0.001

ntake were adjusted.

Fully-adjusted model
B (95% CI) P-value

0010 (~0.015, —0.006) ***

Reference
—0.006 (~0.018, 0.006)
—0.016 (~0.028, —0.004) *
—~0.026 (~0.039, —0.014) ***
<0001

Fully adjusted model: age, gender, race, education level, marital status,
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Independent variable Model 1 OR (95% CI) p Model 2 OR (95% CI) p Sensitivity, % Specificity, %

Difficulties falling asleep

IR without (1)/with (2) 1.14 (0.85-1.53) 0.380 1.06 (0.74-1.49) 0.738 14.4 87.2
Sleep latency >30 min.

IR without (1)/with (2) 1.40 (1.04-1.89) 0.027 137 (1.01-1.93) 0.043 149 88.9
Difficulties maintaining sleep

IR without (1)/with (2) 1.16 (0.95-1.43) 0.146 1.08 (0.81-1.30) 0.842 48.6 56.2
Awakenings

IR without (1)/with (2) 1.47 (0.88-1.54) 0280 1.04 (0.75-1.43) 0822 164 85.6
Awakenings too early in the morning

IR without (1)with (2) 1.33 (1.01-1.74) 0.041 128 (0.94-1.75) 0.118 185 85.4
Poor self-perceived sleep

IR without (1)/with (2) 126 (090-1.77) 0173 121 (0.82-1.78) 0338 110 ot
Excessive sleepiness in the morning

IR without (1)/with (2) 093 (0.69-1.25) 0631 099 (0.70-1.40) 0957 18.7 855
Excessive sleepiness in the day

IR without (1)/with (2) 0.84 0.61-1.15) 0.273 081 (0.56-1.17) 0.266 11.0 87.2
Sleeping time < 6

IR without (1)/with (2) 1.22 (0.95-1.55) 0116 129 (0.98-1.70) 0070 239 79.4
Napping during the daytime

IR without (1)/with (2) 1.13 (0.82-1.55) 0.466 091 (0.63-1.32) 0625 119 893
Snoring

IR without (1)with (2) 1.87 (1.48-2.35) <0.001 137 (1.05-1.79) 0.020 322 79.7
Very loud snoring

IR without (1)/with (2) 1.61 (1.11-2.35) 0.013 1.34 (1.04-1.74) 0.026 9.4 940
Breathing pauses

IR without (1)/with (2) 1.82 (1.11-2.99) 0.018 1138 (0.63-2.02) 0.693 5.6 96.9
Inability to work due to disturbed sleep

IR without (1)with (2) 1.10 (0.793-1.52) 0.568 147 (0.61-2.25) 0.628 38 97.2
Regular use of sleeping pills

IR without (1)/with (2) 081 (054-1.22) 0314 071 (0.44-1.14) 0.156 6.1 %25
Alcohol use to initiate sleep

IR without (1)/with (2) 1.15 (0.62-2.14) 0436 122 (0.61-2.46) 0576 29 975

OR, 0dds ratio; Cl, confidence interva; IR, insulin resistance; p < 0.05 in bold.
Model 1, insuli resistance; Model 2, insuli resistance, adjusted for a 10-year period, sex, age, body mass index, physical activiy, education, systolic and diastolic biood pressures,
disease, total cholesterol, triglyceride, metabolic syndrome, diabetes mellitus.
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LDL cholesterol (mg/dL)

Age (years)
Gender (%)
Men
Women
Race (%)
Mexican American
Other Hispanic
White
Black
Other Race
Education level (%)
Under high school
High school or equivalent
Above high school
Marital status (%)
Married
Widowed
Divorced
Separated
Never married
Living with partner
Hypertension (%)
YES
NO
Diabetes (%)
YES
NO

Borderline

moked at least 100 cigarettes in life (%)
YES

NO

BMI (kg/m?)

Ratio of family income to Poverty

Total calcium intake (mg/d)

Total protein intake (mg/d)

Lumbar BMD (g/cm?)

Mean = SD for continuous variables: p-value was calculated by the weighted li

Total

39724 11.80

5197
48.03

9.45

672
63.84
1091
9.07

1286
2156
65.59

5197
128
970
241

23.90
10.74

2419
7581

6.09
92.14

4159
58.41
29.05£6.93
290+ 1.66
1081.15 % 576.91
852443667
103 £0.14

Q1

3527 £11.95

47.69
5231

9.10
571
6283
1299
936

1108
2152
67.40

4432
131
7.10
1.88

3237
13.01

2132
78.68

9.05
89.11
184

3785
6215
27.88£7.35
269+ 1.66

111316 4 655.64
8573439.10

105£0.15

ar regre:

Q

38.61 & 11.89

5115
48.85

9.62
629
64.09
1048
9.52

1372
18.96
67.32

48.50
066
898
230

28.17
11.39

2544
74.56

505
93.94
101

4183
58.17
2843£678
2924168

1094.10 % 581.30
85.39 4 37.08

1.04£0.15

on model. % for categorical variables: p-value

Q3 Q4
41231157 433241026
54.19 5446
4581 45.54
10.95 8.16
7.70 7.13
6296 6534
9.66 10.68
873 8.69
13.28 13.17
2169 24.05
65.04 62.78
5592 58.45
087 225
10.33 12.12
305 2.38
2036 1552
947 929
23.00 2659
77.00 7341
557 5.02
9295 9226
148 272
4187 4439
58.13 55.61
2989£7.11 29894628
2964 1.64 302+ 165
109075454672 1030.90 & 520.04
86.02 3671 839143387
1030.14 101014

calculated by weighted chi-square test.

P-value

<0.0001
0.0049

0.2000

0.0444

<0.0001

0.0176

<0.0001

0.0211

<0.0001
<0.0001
0.0049
05254
<0.0001
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Sleep complaints

Difficulties falling asleep > 3 nights per week

Sleep Latency >30min

Difficulties maintaining sleep > 3 nights per week
Awakenings = 3 times per night

Awakenings too early in the morning > 3 times per week
Poor self-perceived sleep

Excessive sleepiness in the morning > 3 times per week
Excessive sleepiness in the day = 3 days per week
Inabilty to work due to disturbed sleep > 3 days per week
Sleeping time<6h

Snoring = 3 nights per week

Very loud Snoring

Breathing pauses > 3 nights per week

Napping during the daytime > 3 days per week

Regular use of sleeping pills > 3 days per week

Alcohol use to initiate sleep = 3 times per week

Without IR
group
n =557

56(10.1)
53(9.5)
223 (40.0)
80 (14.9)
71(12.7)
458.1)
65 (11.7)
50 (9.0
37(6.6)
437 (78.5)
131 (23.6)
24(4.9)
10(1.8)
55(10.6)
18(32)
12(22)

2003

With IR
group
278

31(11.2)
40(14.4)
131 (47.1)
38(13.7)
35 (12.6)
28(10.1)
25(9.0)
19.6.8)
18(6.5)
217 (78.1)
96(34.5)
24(86)
12 (4.3)
25(9.0)
114.0)
3(1.1)

p-value

n (%)

0.633
0.047
0.054
0.883
1.00
0.363
0.287
0.315
1.00
0.458
<0.001
0.012
0.032
0.542
0.689
0.408

Cramer's V

0.017
0.073
0.068
0.009
0.002
0.033
0.041
0.037
0.003
0.031
0.115
0.088
0.074
0.0256
0.019
0.038

IR, insulin resistance; p-value of probability for comparison between groups (p < 0.05 in bold); SD, standard deviation.

2013

Without IR
group

n =557

87 (15.7)
71(12.7)
276 (49.4)
80 (14.4)
92 (16.5)
54(0.7)
97 (17.4)
93 (16.7)
2443
448 (80.4)
% (17.2)
43(1.7)
25(4.8)
60(10.8)
65 (11.7)
16(2.9)

With IR
group

49 (17.8)
43(15.5)
139 (50.0)
53 (19.1)
68 (24.5)
33(11.9)
51(18.3)
42(15.4)
10(36)
206 (74.1)
83 (30.4)
28 (10.1)
19 (7.4)
41147
23(8.9)
13(4.7)

p-value

0.486
0.286
0941
0.088
0.007
0.338
0773
0618
0713
0.320
<0.001
0.292
0.140
0.115
0.151
0.228

Cramer's V

0.026
0.037
0.004
0.061
0.095
0.034
0.011
0.020
0017
0.041
0.150
0.040
0.049
0.057
0.052
0.046

2003:2013
Without IR With IR
group group
0.005 0.031
0.086 0722
0.001 0.504
1.00 0.087
0.075 0.003
0344 0.500
0.007 0.001
<0.001 0.002
0.087 0.122
0415 0.300
0.005 0.238
0,017 0.662
0.010 0.267
0623 0.037
0334 0.034
0234 0.012
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39156 paricipants in 20112018 NHANES

22617 paricipants aged in 2029 years old

5087 parcipans with available BMD and
LDLC dsta

4441 paricipants with complete dta inthe
fnalanalysis

16539 participants excluded forbeing sged <
200t aged > 59 years old.

11086 participants excluded or mising.
BMD and 6444 participants excluded for
unavailable LDL-C data

646 paricipants excluded forunavailble
coarisies
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Baseline characteristics 2003 p-value Cohen's d 2013 p-value Cohen's d 2003:2013 2003:2013

Cramer's V Cramer's V
Without IR With IR Without IR With IR Without IR With IR
group group group group group group
n =557 n=218 =557 n=278
Age, years; mean  SD 531106  549+99 0016 0176 630105  648+97 0015 0.178 <0.001 <0.001
Gender; n (%) 0.003 0,098 0.003 0098 - -
Male 181(32.5) 119 (42.8) 181 (32.5) 119 (42.8)
Female 376 (67.5) 159 (57.2) 376 (67.5) 159 (57.2)
Marital status; n (%) 0.932 0.005 0.533 0.024 0.004 0.007
Married 420(75.4) 211(75.9) 376 (67.5) 181 (65.1)
Alone 137 (24.6) 67 (24.1) 181 (32.5) 97 34.9)
Education; n (%) 0.001 0235 0.001 0254 0287 0.839
Less than higher 369 (66.2) 217 (78.1) 351(63.0) 214 (7.0
Higher 188 (33.8) 61219 206 (37.0) 64 (23.0)
Employment; n (%) 0281 0.040 0.142 0052 <0.001 <0.001
Employed 369 (66.2) 173 (62.2) 277 (49.7) 123 (44.2)
No employed 188 (33.8) 105 (38.8) 280 (50.3) 155 (55.8)
Systolic blood pressure, mm Hg; mean =D 1203+17.0 1272160  <0.001 0418 1283129 13224125  <0.001 0307 <0.001 <0.001
Diastolic blood pressure, mm Hg; mean + SD 819472 86.7+9.4 <0.001 0.573 740x72 75.7+£74 0.002 0.233 <0.001 <0.001
Presence of Disease; n (%) <0.001 0216 0.001 0.136 <0.001 <0.001
Without AH and CAD 422 (75.9) 156 (56.1) <0.001 122 (21.9) 37 (13.9) 0.003 <0.001 <0.001
AH 39(7.0) 27(9.7) 0472 256 (46.0) 142(51.1) 0.163 <0.001 <0.001
CAD 65 (11.7) 27 (9.7) 0395 35(6.3) 8(29) 0.034 0.002 0.001
With AH and CAD 30(5.4) 54(14.7) <0.001 144.(25.9) 91329 0,033 <0.001 <0.001
BMI, kg/m?; mean = SD 26043 300+£45  <0.001 0909 266+ 4.1 31.0£47 0002 0908 0013 0.005
BMI = 30; n (%) 86 (15.4) 133(478) <0001 0347 99(17.8) 162(583)  <0.001 0412 0334 0.017
Low physical activity; n (%) 350 (62.8) 185 (66.5) 0293 0,085 145 (26.9) 9435.2) 0015 0086 <0.001 <0.001
Total cholesterol, mmol/L; median (QR) 57(49-65  58(52-68  0.005 0207 59(52-66) 59(49-68 0803 0018 0.001 0.806
LDL, mmol/L; median (IQR) 352843  36(@.1-44)  <0.001 0523 37(8.1-43)  38(29-46 0229 0086 0.001 0.621
HDL men's, mmol/L; median (IQR) 18(1.4-1.6)  12(1.0-15) 0013 0525 15(1.2-18)  12(1.4-15)  <0.001 0565 <0.001 0.230
HDL women's, mmol/L; median (IQR) 16(1.3-1.9  14(1.1-16)  <0.001 0.337 1.8(1.5-2.1) 15(1.3-1.8)  <0.001 0516 <0.001 <0.001
Triglyceride, mmol/l; median (IQR) 13(1.0-28)  17(12-23)  <0.001 0213 1.408-14)  15(1.4-20)  <0.001 0.702 <0.001 <0.001
With metabolic syndrome; n (%) 90 (16.2) 139 (50.0) <0.001 0.357 61(11.0) 143 (51.4) <0.001 0.444 0.014 0.799
Smoking regular; 1 (%) 198 (35.5) 112 (40.3) 0.182 0.064 85(153) 38(13.7) 0541 0021 <0.001 <0.001
Diabetes meliitus; n (%) 6(1.1) 23(8.3) <0.001 0.185 17@3.1) 45 (16.2) <0.001 0.236 0.033 0.006
Fasting glucose, mmol/L; mean & SD 55+09 61£16  <0.001 0.462 50+£05 61+17  <0.001 0878 <0.001 0.836
Fasting glucose =6.1; 1 (%) 115 (20.7) 108(300)  <0.001 0.195 8(1.4) 8731.3) <0.001 0.443 <0.001 0.334

IR, insuli resistance; AH, arterial hypertension; GAD, coronary artery disease; BMI, body mass index; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; p-value of probabilty for comparison between
groups (o < 0.05 in bold); SD, standard deviation; data presented as n (%), mean + SD and median (IQR)-—25-75 percentiles.
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Variables Model 1 Model 2 Model 3

OR 95%Cl P OR 95%Cl P OR 95%Cl P
Lower  Upper Lower  Upper Lower  Upper
Main variable
Before policy in urban 1.00 1.00 1.00
Before policy in rural 078 067 0.90 0001 078 063 085 <0001 070 060 082  <0.001
Difterence, o021 E - - 027 - - - 030 - - -
After policy in urban 030 026 035 <0001 025 021 030 <0001 019 0.6 023 <0.001
After policy in rural 029 025 033 <0001 022 019 026 <0001 016 014 019 <0.001
Difference, 0.01 . - - 003 . E - 003 - . :
Control variables
Female 147 11 124 <0001 102 0938 1.42 0678
Age (51-60 years) 182 122 142 <0001 130 120 142 <0.001
Age (51-60 years) 174 161 189 <0001 170 155 187 <0.001
Age (=71 years) 1.75 1.60 1.92 <0.001 1.56 1.39 1.76 <0.001
<Elementary school 108 101 1.16 0018 107 099 1.16 0092
=Middle school 097 090 1.05 0476 102 092 1.12 0757
Middle economic status 085 080 091 <0001 090 082 098 0017
High economic status 076 069 082 <0001 08 079 098 0018
Live alone 103 096 1.12 0.402
Sleeping <6h 1.24 1.16 1.33 <0.001
Sleeping >8h 094 085 1.04 0233
Nap 11 1.04 1.19 0.002
No smoking 109 099 1.20 0083
No alcohol consumption 080 074 087 <0.001
Disabity 164 150 179 <0.001
Body pain 268 250 288 <0.001

OR, Odds Ratios; Cl, Confidence Interval; Differences, The difference of ORs between urban and rural before policy; Differences, The diference of ORs between urban and rural after
policy; Model 1 only included policy and residence variable, Model 2 included variables in model 1 adding participants’ sex, age, education, economics status, Model 3 included variables
in model 1 adding participants’ living status, sleeping hours, napping or not, smoking status, alcohol consumption, disability and body pain or not.
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Variable

Children’s education

Children’s income:

Children’ financial
support to their parents.

Control variables
Constant

Observations

*p < 0.01.

Economic

support
U]

0062
(0.005)
0203
0018

Yes

6441
©0.148)
10,128

Self-rated

health
@

0,020
(0.005)

0245
0.019)

0,083

©011)
Yes
3472
(0.166)
10,128

Physical
health

®

0011
0.002)

0087
0.010)
0.003

(0.006)
Yes
2839
(0.084)
10,128

Mental
health

@

0.046"
©011)

0334
(0.041)

0.1017

(0.025)
Yes
3.786""
(0.370)
10,128
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Variables

Policy

Demographics
Sex

Age (years)

Education

Economic status

Life style

Living status

Sieeping hours.

Nap

Smoking status

Alcohol consumption

Health status
Disabilty

Body pain

Group

Before
After

Male
Female

45-50

51-60

61-70

=71

lliterate
<Elementary school
>Middle school
Low

Middle

High

Live with others
Live alone
7-8h

<6h

>8h

No

Yes

No

Yes

Yes

No

3,995(32.91)
7,059(56.34)

5,367(46.58)
5,685(43.28)
2,055(48.67)
3,960(46.30)
3,161(42.21)
1878(42.62)
3,131(41.33)
4,994(44.77)
2,923(49.33)
2,987(48.93)
5,435(44.58)
2,542(41.69)

8,795(45.20)
2,250(43.38)
4,308(48.67)
5,214(41.98)
1,634(45.09)
4,737(44.87)
6,317(44.76)
6,355(44.01)
1,861(35.07)
7,15842.87)
3,884(48.82)

7,957(46.30)
1,225(30.26)
6,563(51.65)
4,491(37.54)

Chronic disease

Yes

8,144(67.09)
5,470(43.66)

6,156(53.42)
7,450(66.72)
2,167(51.33)
4,592(53.70)
4,327(57.79)
2,628(57.38)
4,444(58.67)
6,161(55.23)
3,002(50.67)
3,118(51.07)
6,757(55.42)
3,655(58.31)

10,665(54.80)
2,94956.62)
4541(51.33)
7,205(58.02)
1,868(54.91)
5,819(65.13)
7,795(55.24)
8,086(55.99)
3,445(64.93)
9,538(67.13)
4,072(51.18)

9,220(63.70)
2824(69.75)
6,143(48.35)
7,471(62.46)

12,139
12,529

11,523
13,135
4,222
8,552
7,488
4,406
7,575
11,156
5,925
6,105
12,192
6,007

19,460
5208
8,847
12,419
3,402
10,656
14,112
14,441
5,306
16,696
7,956

17,186
4,049
12,706
11,962

<0.001

<0.001

<0.001

<0.001

<0.001

0.019

<0.001

0.862

<0.001

<0.001

<0.001

<0.001
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Variables

Control variables
Demographics.
Sex

Age (years)

Education

Economic status

Life style

Living status

Sleeping hours.

Nap time (min)

Smoking status

Alcohol consumption

Health status
Disabilty

Body pain

Dependent variables
Chronic disease

Group

Male
Female

45-50

51-60

61-70

=71

lliterate
<Elementary school
>Middle school
Low

Middle

High

Live with others
Live alone
7-8h

<6h

>8h

No

Yes

No
Yes

Before policy (n = 13,360)

Rural

5,747 (47.38)
6,382 (52.62)
2,735 (22.53)
4,523 (37.26)
3,205 (26.40)
1,676 (13.81)
3,982 (32.84)
5,204 (42.92)
2,940 (24.25)
982(7.85)
6,116 (51.54)
4,818 (40.60)

9,663 (79.60)
2,476 (20.40)
4,445 (36.62)
5,667 (46.68)
2,027 (16.70)
5,481 (45.15)
6,658 (54.85)
7,229 (59.60)
4,900 (40.40)
8,123 (66.99)
4,002 (33.01)

9,768 (80.59)
2,353 (19.41)
7,868 (64.82)
4271 (35.18)

3,995 (3291)
8,144 (67.09)

Urban

543 (44.69)
672 (55.31)
275 (22.69)
451 (37.12)
316 (26.01)
173 (14.24)
198 (16.31)
460 (37.89)
556 (45.80)
108 (9.25)
415 (35.56)
644 (55.18)

989 (81.40)
226 (18.60)
481 (39.59)
562 (46.26)
172 (14.16)
505 (41.56)
710 (68.44)
778(63.67)
441(36.33)
845 (69.60)
369 (30.40)

1,000 (82.37)
214 (17.63)
864 (71.11)
351 (28.89)

328 (27.00)
887 (73.00)

After policy (n = 15,082)

Rural

5,776 (46.10)
6,753 (53.90)
1,487 (11.87)
4,029 (32.16)
4,283 (34.18)
2,730(21.79)
3,593 (28.68)
5,951 (47.50)
2,985 (23.82)
5,173 (41.29)
6,076 (48.50)
1,279 (10.21)

9,797 (78.19)
2732 2181)
4,402 (35.13)
6,752 (53.89)
1,875 (10.97)
5,075 (4051)
7,454 (59.49)
7,212 (94.67)
406 (5.33)
8,573 (68.44)
3,954 (31.56)

7,418 (81.39)
1,696 (18.61)
4,838 (38.61)
7,601 (61.39)

7,059 (56.34)
5,470 (43.66)

Urban

1,009 (42.45)
1,868 (57.55)
352 (14.81)
914 (38.45)
718 (30.21)
393 (16.58)
343 (14.43)
1,015 (42.70)
1,019 (42.87)
535 (22.51)
1,366 (57.47)
476 (20.03)

1,805 (75.94)
572 (24.06)
880 (37.40)

1,823 (55.66)

165 (6.94)
845 (35.55)
1,632 (64.45)
1,472 (91.54)
136 (8.46)

1,609 (67.72)
767 (32.28)

1,640 86.27)
261 (13.78)
1,044 (43.92)
1,833 (56.08)

1,296 (64.52)
1,081 (45.48)
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Province

Tianjin
Ningxia
Chongging
Shandong
Shanghai
Qinghai

Guangdong

Hebei
Hubei

Inner Mongolia
Jiangxi
Xinjiang

Beiing
Yunnan

Shaani
Zhejiang

Guangxi
Shanxi

Gansu
Henan

Hellongjiang
Hunan
Sichuan
Jiin

Hainan

Jiangsu
Guizhou

Anhui

Name of policy

Regulations for integration of urban and rural residents’ basic medical insurance in Tianjin

Opinions on the coordination of integration of urban and rural residents” basic medical insurance

Chongaing municipal cooperative medical insurance for urban and rural residents

Implementation plan of integration of urban and rural residents’ basic medical insurance in Shandong province
Integration of urban and rural residents’ basic medical insurance in Shanghai

The People’ s Government for Qinghai Province on the issuance of the implementation plan for the provincial-level
integration of urban and rural residents’ basic medical insurance

The People’ s Government for Guangdong Province forwarded the “Opinions of the State Council on integration of urban
and rural residents’ basic medical insurance” notice

Opinions on the implementation of integration of urban and rural residents’ basic medical insurance
Work plan for integration of urban and rural residents’ basic medical insurance

Work plan for integration of urban and rural residents’ basic medical insurance

Jiangx issues implementation opinions on integration of urban and rural residents’ basic medical insurance

Notice on the issuance of the implementation opinions on integration of urban and rural residents’ basic medical insurance
in Xinjiang Uygur Autonomous Region

Work Plan for integration of urban and rural residents’ basic medical insurance in Beijing

Implementation of integration of urban and rural residents’ basic medical insurance in the People’ s Government for Yunnan
province

Notice on accelerating the implementation of a unified integration of urban and rural residents’ basic medical insurance

Anumber of views of the People’ s Government for Zhejiang province on the in-depth promotion of the integration of urban
and rural residents’ basic medical insurance

Implementation opinions on the integration of urban and rural residents’ basic medical insurance in the People’ s
government of Guangxi Zhuang Autonomous Region

Implementation opinions on the integration of urban and rural residents’ basic medical insurance in the People’ s
government of Shanxi Province

Issuance of integration of urban and rural residents’ basic medical insurance in the People’ s government of Gansu Province

General Office of Henan Provincial People’s Government on triggering the implementation of integration of urban and rural
residents’ basic medical insurance in Henan Province (for trial implementation)

Integration of urban and rural residents’ basic medical insurance in the People’ s government of Heilongjiang Province
Implementation measures of integration of urban and rural residents’ basic medical insurance in Hunan Province

Sichuan issued on the implementation of the integration of urban and rural residents’ basic mediical insurance

Jilin issued on the implementation of the integration of urban and rural residents’ basic medical insurance

Notice of Hainan provincial people’s government on the issuance of the implementation pian for the integration of urban and
rural residents’ basic medical insurance in Hainan Province

Jiangsu provincial people’s government on the implementation of the integration of urban and rural residents’ basic medical
insurance

Notice of the provincial people’s government on the issuance of the implementation plan for the integration of urban and
rural residents' basic medical insurance in Guizhou Province

Anhui provincial people’s government on the implementation of the integration of urban and rural residents’ basic medical
insurance

Year for
implementation

2010
2010
2013
2014
2016
2016

2016

2016
2016
2016
2016
2016

2016
2016

2016
2016

2016

2016

2016
2016

2016
2016
2016
2016
2016

2016

2016

2016
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Min Pas Pso Prs. Max

Temperature -9.1 6 165 253 33.4
Humidiity 14 36 48 64.75 98

Min, minimum; max, maximum; P25, the first quartile; P50, the second quartile; P75, the
third quartile.
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Variables

Policy

Demographics
Sex

Age (years)

Education

Economic status

Life style

Living status

Sieeping hours

Nap

Smoking status

Alcohol consumption

Health status
Disabiity

Body pain

Group

Before
After

Male
Female

45-50

51-60

61-70

=71

lliterate
<Elementary school
=Middle school
Low

Middle

High

Live with others
Live alone
7-8h
<6h

>8h

No

Yes

No

Yes

No

Yes

No
Yes
No
Yes

Chronic disease

No

328 (27.00)
1,296 (54.52)

736 (47.42)
883 (43.59)
331 (52.79)
644 (47.18)
414(40.04)
235 (41.52)
233 (43.07)
612 (41.49)
778 (49.40)
287 (44.69)
839 (47.11)
478 (42.68)

1,245 (44.56)
379 (47.49)
670 (48.91)
795 (42.18)
159 (47.18)
621 (46.00)

1,003 (44.74)

1,004 (44.72)
194 (33.62)

1,065 (43.40)
558 (49.12)

1,258 (47.65)
109 (22.95)
956 (50.10)
668 (39.67)

Yes

887 (73.00)
45.07 (45.48)

816 (52.58)
1,152 (56.47)
296 (47.21)
721 (52.82)
620 (59.96)
331 (68.48)
308 (56.99)
863 (58.51)
797 (50.60)
356 (55.37)
942 (52.89)
642 (57.32)

1,649 (85.44)
419 (52.51)
700 (51.09)

1,090 (67.82)
178 (62.82)
729 (54.00)

1,239 (55.26)

1,241 (55.28)
383 (66.38)

1,389 (56.60)
578(50.88)

1,382 (62.35)
366 (77.05)
952 (49.90)

1,016 (60.33)

1,215
2377

1,662
2,040
627
1,365
1,034
566
541
1,475
1,575
643
1,781
1,120

2,794
798
1,370
1,885
337
1,350
2,242
2,245
577
2,454
1,136

2,640
475
1,908
1,684

<0.001

0.020

<0.001

<0.001

0.062

0.142

0.001

0.461

<0.001

0.001

<0.001

<0.001
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Exposure Reference Estimate (95%CI)

Only ADL decline No ADL decline and no depressive symptoms 1181 (0.866-1.495)
Depressive symptoms only 1.749 (1.250-2.248)
ADL decline and depressive symptoms 3.050 (2.543-3.558)
Gender (male) Female 0045 (~0.222-0311)
Age (270) <70 years —0316 (0,590 to —0.042)
Education (<6 years) >6 years 0.560 (0.239-0.882)
Marital status (no partner) Have partner 0.699 (0.405-0.993)
Subjective economic status (poor) Good 1.096 (0.809-1.384)
Chronic disease (have one or more) No chronic diseases 1.269 (0.929-1.609)
Participation in health insurance (no participate)  Participation in health insurance —0.057 (~0.374-0.260)
Model fit —2 Log likelihood = 776.551 (P < 0.001**)

Pseudo R? = 0.388

he dependent variable is active aging: 1, well above average; 2, above average; 3, below average; 4, well below average (reference).
ADL, activities of daily living; OR, odds ratio; CL, confidence interval
P <0.05,"

OR (95%CI)

3.258 (2.375-4.468)
5.749 (3.488-9.475)
21115 (12.714-35.070)
1,046 (0.801-1.365)
0.729 (0.554-0.959)
1751 (1.27-2.416)
2,012 (1.499-2.699)
2,992 (2.246-3.991)
3.557 (2.532-4.998)
0.945 (0.688-1.297)

P-value

<0.001*
<0.001*
<0.001+*
0741
0.024%
0.001%
<0.001*
<0.001*
<0.001"
0724
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Model pathways

Total effect: ADL—>active aging

Direct effect: ADL—>active aging

Indirect effect: ADL—>depressive symptoms—»active aging

Effect

07766
05383
—-02382

mpirical 95% confidence interval does not overlap with

Boot SE

0.0694
0.0659
00437

95% CI

(=0.9127, ~0.6404)
(—0.6677, —0.4090)
(=0.3311, =0.1584)
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Variables

Self-rated health

Physical health

Mental health

Effect

Mediating effect
Direct effect
Total effect
Mediating effect
Direct effect
Total effect
Mediating effect
Direct effect
Total effect

Estimate

0.016
0.021
0.087
0.020
0.047
0.067
0.008
0.028
0.036

SE

0.004
0017
0.017
0.003
0.017
0.017
0.003
0.015
0.015

95% Cl (Confidence interval)

LLCl uLcl
0.009 0.023
-0013 0.055
0.004 0.071
0.014 0.027
0.017 0.082
0.036 0.100
0.002 0.014
—-0.002 0.060

0.008 0.068
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Variables

Gender (male)

Age (270)

Education (<6 years)
Marital status (no
partner)

Subjective economic
status (poor)

Chronic disease (have
one or more)
Participation in health
insurance (no
participation)

ADL decline (ADL
score> 14, dependent)

Depressive symptoms

(DIA-S score >3, suffer

from depression

symptom)

Total
(n=935)

477 (51.0%)
498 (53.3%)
718 (76.8%)
273(29.2%)
318 (34.0%)

741 (79.3%)

201 (21.5%)

418 (44.7%)

184 (19.7%)

Well above
average
(n =220, 23.5%)
130 (59.1%)
114 (51.8%)
141 (64.1%)
48 (21.8%)
36 (16.4%)

132 (60.0%)

46/(20.9%)

48 (21.8%)

10 (4.5%)

Active aging level

Above average

(n=476,50.9%) (n=225,24.1%)

235 (49.4%)
246 (51.7%)
374 (78.6%)
126 (26.5%)
151 (31.7%)

382 (80.3%)

107 (225%)

207 (43.5%)

62 (13.0%)

Below average

104 (46.2%)
131 (58.2%)
191 (84.9%)
92 (40.9%)
119 (52.9%)

214 (95.1%)

45 (20.0%)

151 (67.1%)

100 (44.4%)

Pearson  P-value

x2/fisher’s
Well below exact test
average
(n=14,1.5%)
1%) 8536 0.036°
.0%) 2.946 0.400
12 (85.79%) 28243 <0001
7 (50.0%) 24640 <0001
12.(85.7%) 84422 <0001
3(92.9%) 88967 <0001
3(21.4%) 0.642 0.897
12 (85.79%) 102123 <0.001°
12(85.79%) 155773 <0.001°





OPS/images/fpubh-10-942311/fpubh-10-942311-g003.gif





OPS/images/fpubh-10-887840/fpubh-10-887840-t007.jpg
Variables
Self-rated
health
Internet use 0.3501*
©.471)
Control variables Yes
Chi-square /p-value 0.765 (p = 0.999)

N

*p <0.1,"p < 0.05,*p <0.01

Agricultural household

Physical health

03762+
(0.175)

Yes
10.685 (p = 0.220)

2,782

Mental health

0.1720
0179

Yes
2.716 p = 0.950)

Non-agricultural household

Self-rated Physical health Mental health

health

0.1408* 0.2878"* 0.1758*

(0.085) (0.090) (0.098)

Yes Yes Yes
3154 (0 = 0.924) 10.965 (p = 19.366 (0 =

0.203) 0.130)
3,284
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Variables
Self-rated
health
Internet use 0.1707*
(0.090)
Control variables Yes
Chi-square /p-value 3435 (p = 0.904)
N

*p <0.1,"p < 0.05,**p < 0.01

Age: 60-69

Physical health

03620
(0.096)

Yes
9570 (p = 0.296)

3,859

Mental health

02113"
0.101)

Yes
9.283 o = 0318)

Self-rated
health

0.1204
0.139)

Yes
5.083 (p = 0.754)

Age = 70

Physical health

0.1994
0.140)

Yes
7.100 (p = 0.525)

2,207

Mental health

01356
0.157)

Yes

12,329 (p =
0.137)
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Matching Method Treatment Control group ATT value Standard t-value
group (1) @ 1)-2 deviation

Before the match ATT 0470 0375 0095 0015 634"
After the match ATT

K-nearest neighbor matching (k = 4) 0470 0.428 0042 0.023 1.83*
Radius matching method 0.467 0.423 0043 0.021 206"
Kernel matching 0470 0375 0095 0015 231
Caliper nearest neighbor matching 0.468 0427 0041 0022 1.80°

‘p <0.

‘v < 0.05,**p < 0.01.
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Variable

Gender

Age

Household

Education

Annual income

Subjective welloeing

Social trust

Subjective class

The results in the table are obtained by using the radius matching method.

Sample

T czczczczcCcEzcCcxCEC

Treatment

group

0.448
0.453
66.889
67.006
0.872
0.869
2.071
2.051
10.417
10.393
4.021
4.019
3541
3.542
2.600
2586

Control
group

0.494
0.459
69.860
66.958
0.446
0.864
1.398
2.080
9.136
10.371
3.943
3.996
3673
3.513
2.399
2.588

Deviation rate

(%)

-93
-12
—43.6
07
100.5
12
114.0
-15
1105
19
10.2
31
-139
31
238
-0.2

t-value

-3.03
-0.32
-13.47

t-test

p>lt|

0.002
0.748
0.000
0.843
0.000
0.705
0.000
0.707
0.000
0.542
0.001
0.425
0.000
0.443
0.000
0.949
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Variables Results of
the
first-stage
regression

Instrumental variable  0.0073""*
(provincial Internet ~ (0.001)
penetration rates)

Internet use

Control variables Yes
Sample size 6,066
adjR? 0.2780

F value of the 213.28(p

first-stage regression < 0.0001)

*p <0.1,"p < 0.05,*p <001

Results of the second-stage
regression

Self-rated  Physical Mental

health health health
08832 01462 0.2918"

©0.174) (©.141) (0.140)
Yes Yes Yes

6,066 6,066 6,066
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Age

65-67
68-70
71-73
74-76
77-79
80-82
83-85
86-88
89-91
92-94
95-97
98-100
101-103
104-106
107-109

Deviance
AIC
BIC

RR (95% CI)

1,000
1304 (1.425-1.193)"*
1.687 (1.919-1.483)™
2.249 (2.656-1.905)"*
2.984 (3.617-2462)
3.889 (4.803-3.148)
4558 (5.731-3.625)
5.138 (6.568-4.020)"
5.842 (7.609-4.485)"
6273 (8.302-4.739)"*
6567 (8.809-4.896)""
6827 (9.228-5.051)"
6.863 (9.264-5.085)""
6632 (8.856-4.966)""
6591 (8.611-5.044)""

°I, confidence i

Period

2002
2005
2008
2011
2014

-, Akaike Information

RR (95% CI)

1000
1.288 (1.308-1.268)
1.285 (1.307-1.264)
1334 (1.352-1317)
1398 (1.408-1.389)"*

0.146
6287
~162.670

BIC, Bayesian Informatic

Cohort

1893-1895
1896-1898
1899-1901
1902-1904
1905-1907
1908-1910
1911-1913
1914-1916
1917-1919
1920-1922
1923-1925
1926-1928
1929-1931
1932-1934
1935-1937
1938-1940
1941-1943
1944-1946
1947-1949

n Criterion.

RR (95% CI)

1,000+
0.863 (0925-0.805)"*
0831 (0924-0.747)"
0.798 (0.909-0.701)"*
0.748 (0.863-0.648)"*
0692 (0.792-0.604)"*
0.659 (0.745-0.583)*
0.618 (0.687-0.556)"
0.576 (0.628-0.528)
0.529 (0.566-0.495)
0.487 (0.511-0.463)
0.450 (0.464-0.436)
0.438 (0.445-0.431)
0372 (0.369-0.375)"
0.404 (0.399-0.409)
340 (0.316-0.366)°
0276 (0.230-0.330)"
0.337 (0.259-0.438)
0.272 (0.135-0.546)
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Variable Model 1 Model 2 Model 3
Self-rated Physical Mental
health health health
Internet use 01552 03250 02033
(0.075) (0.079) 0.084)
Gender —03478"  -0.8054""  -02425""
(0.056) (0.057) (0.059)
Age —00228"™  -0.0328"" ~0.0052
(0.003) (0.004) (0.004)
Household —0.1208" 01975 00551
0.079) 0.078) 0.082)
Education ~0.0574 —0.0289 00551
(0.053) (0.055) (0.059)
Annual income 0.1560"** 02251 04713
(0.029) (0.029) 0.029)
East 0.1550" 0.4864 0.4816""
(0.078) (0.078) (0.080)
Central 0.2008"" 0.2494 03487
©0.077) (0.075) 0.076)
Subjective welloeing 05072 0.4292 0.6803"""
(0.040) (0.038) 0.039)
Social trust 00879 0.1358" 00918
(0.030) (0.030) 0.031)
Subjective class 02082 0.1864" 0.1818""
(0.034) (0.034) (0.036)
N 6,066 6,066 6,066
Chi-square (p-value) 5.165(0 = 6708 (0 = 5504 (p =
0.739) 0.568) 0.702)

*p <0.1,"p < 0.05,

< 0.01 (Standard errors are in parentheses).
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Age

65-67
68-70
71-73
74-76
77-79
80-82
83-85
86-88
89-91
92-94
95-97
98-100
101-103
104-106
107-109

Deviance
AlC
BIC

“p < 0.05,""p < 0.001. RR, relative risk; CI

RR (95% CI)

1,000+
1.559 (1.915-1.269)*
2,059 (2.704-1.567)**
2,630 (3.586-1.928)
3.256 (4.548-2.332)"*
4181 (5.970-2.928)
5.006 (7.289-3.437)
5.812 (8.602-3.927)"
6.946 (10.447-4.618)**
7.665 (11.673-5.033)*
8270 (12.683-5.393)"
8.775 (13.443-5.727)*
8,998 (13.667-5.924)**
8,699 (13.037-5.805)"
8.676 (12.796-5.883)"

, confidence interval; AIC,

Period

2002
2005
2008
2011
2014

Akaike Information

RR (95% CI)

1

1000+

1.034 (1.051-1.018)**
1.129 (1.156-1.103)
1.206 (1.225-1.187)**
1.279 (1.281-1.277)**

0.014

—4.806

BIC,

168.370

vesian Informati

Cohort

1893-1895
1896-1898
1899-1901
1902-1904
1905-1907
1908-1910
1911-1913
1914-1916
1917-1919
1920-1922
1923-1925
1926-1928
1929-1931
1932-1934
1935-1937
1938-1940
1941-1943
1944-1946
1947-1949

n Criterion.

RR (95% CI)

1000
0854 (0.870-0.838)"*
0841 (0.870-0.813)"
0.793 (0.829-0.758)"*
0.738 (0.777-0.702)**
0689 (0.724-0.656)"*
0626 (0.652-0.600)"
0.606 (0.625-0.588)*
0.552 (0.561-0.544)
0,521 (0.521-0.520)
0.455 (0.447-0.464)
0.437 (0.422-0.452)"
0.438 (0.417-0.461)
0365 (0.337-0.395)"
0.385 (0.350-0.423)"
0.349 (0.304-0.401)*
0285 (0.223-0.364)"
0,222 (0.133-0.369)"
0.277 (0.109-0.705)
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Variable Variables Description of variables Mean

Dependent variables Self-rated health Unhealthy = 0, healthy = 1 0.3968 0.4892
Physical health 05471 04978
Mental health 06505 04768
Independent variables Internet use Nouse =0, Use 02245 04173
Mediating variables Cultural engagement A higher score represents a greater 6.3244 2.4192
cultural engagement.
Demographic Gender Female = 0, Male = 1 0.4840 0.4997
fotors
Control variables (Denoted by 2) Age Continuous (ranging from 60 to 103) 69.1932 7.2770
Household Agricultural household = 0, 05413 0.4983
Non-agricultural household = 1
Education Primary school = 1,Junir high 15492 06378
school, Senior high school = 2,
College and above = 3
Annual income Annual income (by logarithm) 9.4236 1.3891
Living region Eastern Eastern area = 1, Others = 0 0.4601 0.4984
Central Central area = 1, Others = 0 03199 0.4665
Social- Subjective welbeing Five levels from low to high 3.9606 08002
psychosocial
perception
Social trust Five levels from low to high 36434 09301

Subjective class Five classes from lower to upper 2.4437 08572
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Sex
Male
Female
Age (year)
65-69
70-79
80-89
90-99
100-109
Frailty
Yes

No

2002
(n=15,970)

6,817 (42.7)
9,153 (57.3)

1,608 (10.1)
3,237 (20.3)
4,236 (26.5)
3,747 (23.5)
3,142 (19.7)

9,626 (60.3)
6,344 (39.7)

2005
(n=15,573)

6,675 (42.9)
8,898 (57.1)

1,671 (10.7)
3,281 (21.1)
3,907 (25.1)
3,950 (25.4)
2,764 (17.7)

9,589 (61.6)
5,984 (38.4)

2008
(n=16,526)

6,986 (42.3)
9,540 (57.7)

1,402 (8.5)
2,884 (17.5)
4,278 (25.9)
4,620 (28.0)
3,342(202)

9,798 (59.3)
6728 (40.7)

2011
(n=9,273)

4,186 (45.1)
5087 (54.9)

635 (6.8)
2,439 (26.3)
2,543 (27.4)
2,321(250)
1,335 (14.4)

5,809 (62.6)
3,464 (37.4)

2014
(n=6,535)

2,989 (45.7)
3,546 (54.3)

208(3.2)
2,003 (30.7)
2,045 (31.3)
1,516 (23.2)
763 (11.7)

4,268 (65.3)
2,267 (34.7)
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Variable

Children’s education

Children’s income:

Social capital

Control variables
Constant

Observations

*p < 0.01.

Social
capital

)
0.153
(0.025)
0890
(0.096)

Yes
13,67
(0.799)
10,128

Self-rated
health

@
0012
(0.004)
0220
(©0.016)
0,022
(0.002)
Yes
2573
(0.138)
10,128

Physical
health

@
0,008
0.002)
0069
(0.008)
0012
(0.001)
Yes
2591
0.070)
10,128

Mental
health

@
0,050
(0.009)
0319
(0.035)
0,050
(0.004)
Yes
3,694
(0.305)
10,128
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Items/Indicators Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

da033 0.74

da034 0.68

da039 0.60

dc004 045

numer 0.62

oritime 0.54

delrec_01 058

immrecall 0.75

db001 0.67

db002 0.66

db004 0.68

db005 0.73

db006 0.65

db007 0.39

db008 0.32 0.39

db009 0.49

db010 08

dbO11 0.83

db012 0.81

db013 0.72

db014 0.26 054

db015 0.47

db016 0.69

db017 0.67

db018 0.60

db019 0.40

db020 0.43

dc009 0.73
dc010 0.60
dc011 0.82
dc012 0.59
dc013 0.22
dc014 0.52
dc015 0.4
dc016 05
dc017 0.6
dc018 0.59
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Sex
Male 6,284
Female 6939

Age (years)
<50 2,800
50~ 4568
60~ 3,735
70~ 1.719
80~ 401

Marital status
Married/cohabiting 11,114
Divorced/separated 636
Widowed/never married 1,423

Education
lliterate 3,543
No formal education 2379
Elementary school 2,955
Middle school 2,743
High school 992
Vocational school 323
College and above 285

Self-rated health
Excellent 791
Very good 2,266
Good 6,532
Fair 3047
Poor 584

Life satisfaction
Not at all satisfied 287
Not very satisfied 1,558
Somewhat satisfied 7,454
Very satisfied 2,437
Completely satisfied 222

Times of inpatient care during the past year
0 11,988
1 963
>2 271

Times of outpatient service during the last month
o 10,637
1 1,388
=2 1,180

Numbers of NCD
0 4,151
1 3,781
>2 4820

%

47.52
52.48

21.18
34.55
28.25
13.00
3.03

84.05
5.19
10.76

26.80
18.00
22.35
20.75
7.50
2.44
216

5.98
17.14
49.41
23.05

4.42

2.40
13.03
62.33
20.38
1.86

90.67
7.28
205

80.65
10.51
8.94

32.55
29.65
37.80
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Wave Morbidity dyads®

2011

2014

2018

The five most frequently occurring multimorbidity combinations.

Hypertension + Cataract*

Chronic lung disease + Cataract
Heart disease + Cataract
Hypertension + Heart disease*
Hypertension + Chronic lung disease*
Hypertension + Heart disease”
Hypertension + Cataract*

Chronic lung disease + Cataract
Heart disease + Cataract
Hypertension + Chronic lung disease*
Hypertension + Heart disease®
Hypertension + Cataract*
Hypertension + Chronic lung disease®
Chronic lung disease + Cataract

Heart disease + Cataract
Hypertension + Heart disease*
Hypertension + Cataract*
Hypertension + Chronic lung disease®
Hypertension + Stroke or GVD
Chronic lung disease + Cataract
Hypertension + Heart disease*
Hypertension + Cataract*
Hypertension + Stroke or CVD
Hypertension + Chronic lung disease”
Heart disease + Cataract
Hypertension + Heart disease*
Hypertension + Cataract*
Hypertension + Stroke or CVD
Hypertension + Chronic lung disease®
Heart disease + Chronic lung disease
Hypertension + Heart disease*
Hypertension + Stroke or CVD
Hypertension + Cataract*
Hypertension + Chronic lung disease*
Hypertension + Diabetes
Hypertension + Heart disease™
Hypertension + Cataract*
Hypertension + Diabetes
Hypertension + Stroke or CVD
Hypertension + Chronic lung disease®

©The five highest O/E multimorbidity combinations.
“p-trends for *hypertension + heart disease,” “hypertension -+ cateract,” and *hypertension -+ chronical lung disease” were 0,002, 0.035, and 0.019, respectively
MCC, multiple chronic condition.

inall

3.16
3.09
2.79
234
1.86
255
239
1.88
1.86
1.67
3.58
2.49
230
2ar

193
416
3.10
268
2.45
223
4.00
27
239
221
179
6.41
4.36
414
3.90
268
6.83
4.76
4.46
4.07
331
9.82
6.60
6.56
6.43
3.96

Prevalence Prevalence
inMcC

20.97
20.60
18.62
15.62
12.39
19.14
17.94
14.12
13.92
1252
22.00
15.30
14.15
13.96

11.86
24.04
17.91
15.47
14.14
12.89
23.95
16.25
14.31
1321
10.74
28.45
19.36
18.36
17.32
1.91
29.02
20.21
18.97
17.32
14.07
33.63
2261
22.43
22.02
1356

O/E ratio  Morbidity dyads®

1.31
1.33
206
249
1.16
245
1.34
1.31
1.93
1.07
266
1.37
147
1.46

1.82
258
1.42
1.25
2.50
156
234
128
207
1.10
1.83
1.89
1.31
1.78
1.19
192
177
1.81
1.23
120
2.00
1.66
1.30
1.85
1.67
1.02

Cancer + Bedsore
Tuberculosis + Cancer
Cancer + Parkinson’s disease
Tuberculosis + Bedsore
Glaucoma + Cancer

Cancer + Parkinson’s disease
Cancer + Bedsore
Tuberculosis + Cancer
Cancer + Prostate tumor
Glaucoma + Cancer

Cancer + Parkinson’s disease
Tuberculosis + Cancer
Cancer + Prostate tumor

Gastric or Duodenal ulcer +
Parkinson's disease

Parkinson’s disease + Bedsore
Cancer + Parkinson’s disease
Parkinson’s disease + Bedsore
Tuberculosis + Cancer

Cancer + Bedsore

Tuberculosis + Bedsore
Tuberculosis + Cancer
Parkinson’s disease + Bedsore
Tuberculosis + Bedsore
Cataract + Glaucoma
Tuberculosis + Prostate tumor
Tuberculosis + Bedsore
Tuberculosis + Cancer

Cancer + Bedsore

Cancer + Parkinson’s disease
Glaucoma + Parkinson’s disease
Parkinson’s disease + Bedsore
Tuberculosis + Bedsore
Tuberculosis + Cancer

Cancer + Parkinson’s disease
Cancer + Bedsore

Tuberculosis + Bedsore
Parkinson's disease + Bedsore
Tuberculosis + Parkinson’s disease
Glaucoma + Cancer

Glaucoma + Parkinson's disease

Prevalence Prevalence

inall

0.09
0.07
0.07
0.08
0.12
0.03
0.03
0.02
0.05
0.04
0.01
0.02
0.04
o.11

0.02
0.02
0.03
0.03
0.03
004
0.03
0.02
0.02
091
0.09
0.04
0.06
0.03
0.04
0.07
0.06
0.03
0.04
0.06
0.05
0.04
0.04
0.04
0.16
0.09

inMcC

059
0.44
0.44
051
0.81
0.20
0.20
0.13
0.40
0.33
0.08
0.11
0.27
0.65

0.1
o1
0.18
0.15
0.15
022
0.18
o.11
0.11
5.44
053
0.18
0.27
0.14
0.18
032
0.24
0.12
0.18
0.24
0.18
0.13
0.13
0.15
0.54
0.30

O/E ratio

19.43
14.57
13.22
10.46
9.56
18.64
12.05
8.03
7.01
6.17
6.77
5.98
5.08
4.60

4.46
8.70
8.06
7.57
7.09
6.31
10.37
6.36
5.02
4.02
393
6.96
6.92
6.42
6.27
5.88
16.11
10.82
10.11
10.08
9.31
11.73
11.08
7.79
6.77
6.32
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Self-care Cognition and Ability of Movement

communication  processing

diseases

Age 0.0008"* (<0.001) 0.0005"** (<0.001) ~ 0.0004* (0.008)  0.0011*** (<0.001)
Female 0.0056"** (<0.001) 0.0146"* (<0.001) 0.0019 (0.352) 0.0188*** (<0.001)
8MI ~0.0005* (0.022)  ~0.0004* (0.007) —0.0009""* (<0.001) 0.0007*** (<0.001)
Utban —0.0115"" (<0.001) ~0.0132"** (<0.001) ~0.0044 (0.059)  —~0.0022 (0.305)
Marital status
Divorced 00005(0.786)  00032(0.118)  -0.0001(0.968)  0.0011 (0.605)
Single ~0.0006(0.931)  0.0091(0.266)  0.0051(0.603)  —0.0047 (0.593)
Educational level
Primary school ~0.0027 (0.089) —0.0163" (<0.001) —0.0055" (0.013) ~ ~0.0026 (0.182)
High school —0.0097*** (<0.001) —0.0344*** (<0.001) —0.007** (0.017) —0.0119"** (<0.001)
Bachelorandabove  —0.0047 (0.345) —~0.0354*** (<0.001) —~0.0067 (0.327)  —~0.025™* (<0.001)
percapitalannual  —0.0000(0.427)  -0.0000(0.119)  0.0000*(0.014)  0.0000 (0.680)
household income
Formal care 0.0002** (<0.001) 0.0001*** (<0.001)  0.0000(0.178)  0.0001*** (<0.001)
Informal care 00000 (0558)  —-0.0000(0.429)  —0.0000(0.072)  —0.0000 (0.485)
systolic pressure ~0.0001(0.137)  0.0000(0.683)  —0.0001(0.149)  0.0000 (0.748)
diastolic pressure 0,008 (0.001)  0.0000(0.620) 00001 (0201)  0.0001 (0.269)
Creatinine 0.0074"" (<0001)  —0.0007 (0.773) ~ —0.0015(0.623)  0.0002 (0.926)
Total cholesterol 0.0000(0.921) ~ 00000(0.781)  0.0000*(0.026)  0.0000 (0.287)
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Total

0.6665
0.6631
0.5454
0.4881
0.3757
0.2123
0.0752
0.0129

Mo

Urban

0.104594
0.10385
0.097945
0.083065
0.058039
0.029774
0.008614
0.001173

Rural

0.460812
0.459262
0.447469
0.405103
0.317691
0.182524
0.066579
0.011727

Urban

0.475867
0.474932
0.466822
0.450605
0422219
0.394853
0.34104
0.285714

Contribution

Rural

05241326
0.625068
05331776
0.5493946
05777812
0.6051467
0.6589595
0.7142857
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Total

0.5655
0.5631
0.6454
0.4881
0.3757
02123
0.0762
0.0129

Mo

Less than 65

0.207479
0.206219
0.197621
0.171929
0.127969
0.065703
0.023257
0.005026

Oder than 65

0.357927
0.356883
0.347792
0.316239
0.247761
0.146595
0.051937
0.007874

Less than 65

0.366956
0.36622

0.362333
0.352192
0.340589
0.309484
0.309293
0.38961

Contribution

Older than 65

0.6330444
0.6337804
0.6376673
0.6478079
0.6594114
0.690516

0.6907074
0.6103896
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Wave 1998

Total 1,364 (15.00)
Gender

Male 633(17.58)
Female 726 (13:31)
P <0.001
Age

~80 110 (19.54)
81-90 576 (16.59)
91-100 496 (13.95)
101~ 182 (12.10)
P <0.001
Residence

City 691 (19.92)
Town .
Rural 673 (11.97)
P <0.001
“Weighted 15.60
total (14.85-16.38)

2000

1,494 (13.34)

689 (14.81)
805 (12.29)
<0.001

121 (19.48)
732 (14.81)
469 (12.05)
172/(9.87)
<0001

748 (22.08)

348 (0.91)

398(9.26)
<0001
1343

(12.80-14.09)

2002

2,614 (16.27)

1,190 (17.38)
1,424 (15.45)
<0.001

916 (17.59)
768(17.57)
627 (14.95)
303 (13.23)
<0.001

1,034 (26.89)
550 (15.50)
1,080 (11.88)
<0001

16.13
(15.56-16.72)

2005

2,708 (17.32)

1,247 (18.65)
1,461 (16.32)
<0001

1,091 (20.66)
758 (17.92)
595 (14.69)

2,078 (12.70)

<0001

1,117 (28.80)

444(14.32)

1,147 (13.25)
<0.001

19.98
(19.82-20.56)

~The survey condlucted in 1998 did not subdivide the urban group into cities and towns.

*Mann-Kendeall trend test.

2008

2,831 (16.70)

1,804 (17.98)
1,672 (16.74)
<0.001

961 (18.73)
827 (18.16)
695 (14.69)

2,637 (13.72)

<0.001

1,075 (32.08)
450 (13.60)
1,306 (12.69)
<0.001

19.93
(19.32-20.65)

2011

2,200 (22.59)

1,051 (23.90)
1,149 21.41)
0003

880 (25.41)
689 (25.95)
455 (18.88)
176 (14.23)
<0001

663 (38.21)

633 (22.11)

899 (17.47)
<0001

24.39
(28.53-25.28)

2014

1,692 (23.53)

813 (24.52)
879 (22.68)
0.067

746 (27.67)
548 (25.00)
302 (18.67)
96(13.89)
<0001

408 (40.79)

541 (24.33)

748 (18.79)
<0001

23.36
(22.87-24.39)

2018

4,636 (29.20)

2,072 (29.92)
2,564 (28.65)
0.081

1,908 (32.24)
1,403 (33.95)
990 (26.08)
335 (16.60)
<0001

1,727 (48.76)

1,808 (24.97)

1,601 (22.57)
<0001

3076
(80.08-31.49)

*P fortrend

0.004

0.009
0.004

0.083
0.004
0.025
0.174

0.003
0.764
0.007

0.020

Weight was calculated based on the age-sex-residence-specific distribution from the Chinese Longitudinal Healthy Longevity Study (CLHLS) study, presented as the rate (95% Cl).
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Prevalence (%)

Hypertension
Diabetes

Heart disease

Stroke or VD

Chronic lung disease
Tuberculosis

Cataract

Glaucoma

Cancer

Prostate tumor

Gastric or duodenal ulcer
Parkinson’s disease
Bedsore

1998

17.27 (16.49-18.08)
1.81(0.97-1.44)
7.85 (7.30-8.43)
354 (3.16-3.95)

13.73 (13.02-14.47)
087 (0.69-1.09)

15.31 (14.56-16.08)
203 (1.75-2.35)
055 (0.31-0.72)
3.47 (3.10-3.88)
4,00 (3.60-4.43)
069 (0.53-0.89)
068 (0.52-0.88)

2000

17.70 (16.99-18.43)

1,64 (1.42-1.90)
7.72 (7.23-8.24)
3.87(3.62-4.25)

11.82 (11.22-12.44)

094 (0.77-1.15)
956 (9.02-10.13)
203 (1.77-2.31)
0.18 (0.11-0.29)
1.77 (1.54-2.04)
380 (3.45-4.17)
0.40(0.29-0.53)
0.84/(0.68-1.03)

2002

17.72(17.13-18.32)
3.23(2.96-3.52)

10.23 (9.76-10.71)
5.97 (5.60-6.35)

12.66 (12.15-13.19)
090 (0.77-1.07)
7.24 (6.85-7.66)
1.75 (1.66-1.97)
055 (0.44-0.68)
1.78 (1.58-2.00)
6.47 (6.09-6.86)
030 (0.22-0.41)
067 (0.65-0.81)

2005

22.94 (22.29-23.60)
4.20(3.80-4.52)
11.27 (10.78-11.77)
6.49 (6.12-6.88)
12.23 (11.73-12.75)
095 (0.81-1.12)
8.03 (7.62-8.46)
1.74 (1.54-1.95)
068 (0.56-0.82)
3.04(2.78-3.32)
6.68 (6.31-7.08)
0.36 (0.28-0.47)
0.62 (0.51-0.76)

2008

25.26 (24.60-25.94)
4.74(4.42-5.08)
12.20 (11.70-12.71)
7.38 (6.98-7.79)
10.20 (9.74-10.68)
0.77 (0.65-0.92)
825 (7.83-8.69)
1.89 (1.69-2.11)
0.58 (0.47-0.72)
365 (3.37-3.95)
5.98 (5.62-6.36)
032(0.24-0.43)
0.47 (0.37-0.59)

Weight was calculated based on the age-sex-residence-specific distribution from the CLHLS study. Prevalence was presented as the rate (95% Cl).

2011

33.68(28.18)
7.06 (6.55-7.60)

13.64 (12.95-14.35)
7.87 (7.33-8.43)

10.50 (9.89-11.14)
1.09(0.89-1.32)
822 (7.68-8.80)
1.48 (1.25-1.75)
085 (0.68-1.06)
4.49 (4.08-4.92)
520 (4.77-5.68)
1.13(0.98-1.37)
0.30(0.21-0.44)

2014

33.46 (32.34-34.59)
7.88 (7.26-8.54)
13.38 (12.59-14.21)
885 (8.19-9.55)
9.18 (851-9.90)
0.47 (0.32-067)
8.35 (7.71-9.04)
1.20 (0.96-1.49)
0.79 (0.60-1.04)
4.31(3.84-4.82)
3.97 (3.53-4.47)
0.44(0.31-064)
021(0.12-036)

2018

4433 (43.55-45.12)
12.54 (12.03-13.08)
15.96 (15.38-16.54)
10.65 (10.18-11.15)
852 (3.09-8.97)
057 (0.46-0.70)
9.6 (9.20-10.14)
1.53 (1.34-1.73)
1.46 (1.28-1.66)
360 (3.32-3.91)
4.95 (4.62-5.30)
0.54 (0.44-0.68)
0.2 (0.22-0.40)
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Total

0.5654
0.5631
0.5454
0.4881
03757
02123
0.0752
0.0129

Mo

Male

0.2728
0.2704
0.2594
0.2261
0.1682
0.0953
0.0343
0.0060

Female

0.2930
0.2927
0.2860
0.2621
0.2075
0.1170
0.0409
0.0069

Male

0.4809
0.4802
0.4757
0.4632
0.4478
0.4491
0.4568
0.4691

Contribution

Female

05191
05198
0.5243
0.5368
0.5522
0.5509
0.5432
0.5309
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The contribution rate (%) of Mo

Cut-off M,  Self-care Cognition Ability of Motor ability Medical Sources of
and processing condition care
communication diseases
k=1 5656 862 1691 14.45 16.01 9.60 879
k=2 5631 865 16.94 14.45 16.03 962 8.79
k=3 5454 892 16.98 1433 16.12 968 8.85
k=4 4881 9.65 16.99 14.19 16.11 977 9.02
k=5 8757 11.04 16.43 1388 15.93 1024 9.28
k=6 2123 12.24 15.38 1374 15.21 1097 01017
k=7 752 12.77 13.96 13.18 13.85 12.46 1130
k=8 129 12.50 12.50 1250 12.50 1250 1250

Home
settings

6.39
6.39
6.40
6.42
6.48
7.06
871

1250

Social
interactions

19.24
19.12
18.71
17.84
16.73
16.24
18.77
12.50
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Disability
rate/H%

99.69
97.65
90.62
75.33

Average
incapacitation/A%

56.73
57.66
60.19
64.80

Multidimensional
disability
index/Mo%
5655
56.31
5454
4881

®» ~ o o

Disability
rate H/%

52.84
26.69
8.41
1.29

Average
incapacitation
1A%

7n

7954

89.41
100

Multidimensional
disability index
Mo%

37.57
21.28

752
1.29
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Dimensions-indicators

Self-care

ADL

IADL.

Frailty
Motor ability

Balance
Falls

Postural transition
Arm stretching
Mobiity

Abilty of processing
diseases

Receiving medical services
Exceptional treatment
Self-treatment

Assistive Device

Cognitive mental status and
communication

Cognition

Memory

Vision

Hearing

Sadness
Depression
Medical condition

Chronic disease
Physical disabilities
Sources of care

Access of caregiver
Living arrangement

Home settings

Elevator in a four-story
apartment

Accessibiity
Social interactions

Interacted with friends
Community club
Provide help to friends
Outdoor activities

Community-related
organization

Deprivation
cutoff

1= Atleast one

impairment

1 = Dependently
to complete
ADLs

1 = Dependently
to complete
IADLs

1=Yes

1 = Atleast one
impairment
1=No

1=Yes

1=No

1=No

1=No

1 = Atleast one
impairment
1=Yes
1=Yes

1=No

1=Yes

1 = Atleast one
impairment
1=Low
cognition

1 = Poor
1=Bad

1 = Poor

1 = Poor
1=Yes

1 = Atleast one
impairment
1=Yes
1=Yes

1 = Atleast one
impairment
1=No

1 = Live alone
and far away
from children

1 = Atleast one
impairment
1=No

1=No

1= Atleast
three
impaiments
1=No

1=No

1=No

1=No

1=No

Weight

18

1/24

1/24

1/24
18

1740
1/40
1/40
1/40
1/40
118

1/32
1/32
1/32
1/32

1/8

148

1/48
1/48
1748
1/48
1/48

1/8

116
1/16
178

1/16
116

178

1/16

1/16
178

1/40
1/40
1/40
1/40
1/40

Deprived on
dimensions and
indicators (%)

38.98

23.78

28.73

4.42
72.41

35.67
19.59
33.77
12.83
50.83
66.37

21.76
11.72
48.60
9.76
76.49

40.47

40.37
40.26
20.14

1.60
34.48
43.44

24.83
22.98
39.76

20.57
16.84

2892

392

25.08
87.05

66.92
83.98
96.58
94.08
98.65

1, disabilty or impairment in this index; 0, without any impairment in this index.
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Clear provisions on care quality assessment and redress of
grievance for assisted fiving.

Establish a minimum standard of care for assisted living.
Differential regulations for assisted lving.

Routine care assessment for ALF residents to promote dynamism
in care provision.

Applying technology in ALFs.
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Regulatory
components

Micro-level regulations

Resident selection and
assessment

Staff requirement

Meso-level regulations
Operational management

Service provision and care
monitoring

Staff management and
distribution

Responses to
emergencies

Macro-level regulations
Infrastructural
requirements

Care quality assessment
Operational authorization

Public ALFs

 Comprise priority and non-priority schemes.

 Priority schemes will give preference to those who need
more ADL assistance. Assessment based on the prevailing
functional assessment method for other home and
community care services.

 General: On-site community managers, other care staf.

« Specific (on demand): Specific staff will be contracted by
the operators.

 On-site community manager and care staffs are the main
respondents to the residents’ needs.

« The management team will flag any anomalies identified to
the various professionals in the health and long-term care
services contracted.

« Basic service package (care and support services, home
fixes, everyday activities, basic health checks, 24-h
emergency response) and additional ala carte services
(laundry, rehabilitation, nursing, medical and other social
care services).

« Monitoring framework is currently in policy discussion.

 Stipulation of trainings required for staff work-in-progress.

* Recommended staff-resident ratio work-in-progress.

 No minimum educational qualfication for staff.

Private ALFs

« Residents will undergo ADL and IADL assessment, hearing,
vision and cognitive functions assessment, and regular
health assessment (usually done annually) as screening
measures to determine their eligibility.

* General: Caregiver managers and other caregivers.
* Specific (on-demand): Nurses, mediical social workers,
therapists, dietitians, cooks, transport staff.

« The managers oversee the admissions and daily activities
of the residents, preparing caregiver roster, infection
control, emergency response, managing volunteers, and
supervising the caregiver team.

* Basic care and health services (24 h basic and first-aid care),
medication management, ADL/IADL assistance, regular
health checks, on-demand care services, dining services,
social activties, food outings, hobbyist activities, pastoral
care.

« Monitoring framework has not been developed.

« Initial and specific trainings have been proposed as

requisites for the care staffin ALFs.

Recommended staff-resident ratio 1:8 to 1:10.

No minimum educational qualification for staff.

« Emergency response guidelines prescribed by the Ministry of Health (MOH) and the Agency for Integrated Care (AIC) for all

long-term care facilties during the Covid-19 pandemic.

« For example, key precautionary measures were implemented under the advisories issued by the above two organizations.

« Individual units and communal space with senior-friendly
fittings, access to basic amenities within proximity.
« Land scarcity might affect future infrastructural capacity.

Provisions and guidelines are not in policy discussion yet.

+ Designated private room for indivicuals and common space
for socializing. Access to amenities and leisure within
proximity.

« Land scarcity might affect future infrastructural capacity.

Development in Progress. The Health Care Services Act 2021 (implemented in three phases from September 2021 till March
2023) willintroduce licensure for different long-term care services, including assisted living.
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Total study cohort Feeling younger Not feeling younger p r

(N = 4,665) (N = 4,039) (N = 626) (2-sided)
Age (years), median (IQR) 69 (62-77) 70 (62-78) 67 (59-77) <0001 ~0.099
Sex

0 Female 2,367 (50.7%) 2,062 (51.1%) 305 (48.7%) 0278 0016
1 Male 2,208 (49.3%) 1,977 (48.9%) 321 (51.3%) 0.278 ~0016
Retirement

oNo 1,897 (30.3%) 1,172 (29.4%) 225 (36.8%) <0001 ~0.055
1Yes 3,207 (69.7%) 2,821 (70.6%) 386 (63.2%) <0001 0,055
Residence

0 Former German democratic 1,430 (30.7%) 1,221 (30.2%) 209 (33.4%) 0.111 ~0.023
republic

1 Former federal republic of Germany 3,235 (69.3%) 2,818 (69.8%) 417 (66.6%) 0.111 0,023
Education

1 Low 197 (4.2%) 166 (4.1%) 31(6.0%) 0.325 -0014
2 Medium 2,206 (47.3%) 1,870 (46.3%) 336 (53.8%) 0,001 —0.051
3 High 2,261 (48.5%) 2,003 (49.6%) 258 (41.3%) <0001 0,057
Partner

oNo 1,084 (23.0%) 895 (22.6%) 151 (25.1%) 0.176 -0.020
1Yes 3,500 (77.0%) 3,059 (77.4%) 450 (74.9%) 0.176 0020
Living_partner

oNo 194 (5.5%) 158 (5.29) 36 (7.8%) 0020 ~0039
1Yes 3,318 (94.5%) 2,804 (04.8%) 424 (92.2%) 0020 0,039
Age_partner

0 Equal or older 1,698 (49.1%) 1,483 (49.3%) 215 (47.9%) 0588 0,009
1 Younger 1,762 (50.9%) 1,528 (50.7%) 234 (52.1%) 0588 ~0.009
Household (N), median (QR) 222 222 222 0.960 ~0.001
Children (N), median (QR) 2(1-2) 2(1-2) 2(1-2) 0261 —0.027
Living_children

ONo 2,862 (815%) 2,503 (82.0%) 359 (78.0%) 0041" 0034
1Yes 650 (18.5%) 549 (18.0%) 101 (22.0%) 0041 -0.034
Relationship_partner, median (QR) 2(1-2) 2(1-2) 2(1-2) 0,003 0080
1 Very good 1,255 (35.9%) 1,115 (36.6%) 140 (31.2%) 0.025* 0,038
2 Good 1,777 (50.9%) 1,547 (50.8%) 230 (51.2%) 0.868 ~0.003
3 Average 397 (11.4%) 330 (10.8%) 67 (14.9%) 0011 -0.043
4Bad 52 (1.5%) 45 (1.5%) 7(1.6%) 0.894 -0.002
5 Very bad 13 (0.4%) 8(0.3%) 5(1.1%) 0.006" -0.047
Relationship_family, median (QR) 2(2-2) 2(-2) 2029 <0.001™" o0.152
1 Very good 893 (19.6%) 805 (20.4%) 88(14.6%) 0,001 0,049
2 Good 2,568 (56.3%) 2,255 (57.2%) 303 (50.3%) 0,002 0047
3 Average 930 (20.5%) 764 (19.4%) 166 (27.6%) <0001 ~0.069
48Bad 115 (2.5%) 91(2:3%) 24.(4.0%) 0014" -0.036
5 Very bad 51(1.1%) 30 (0.8%) 21(35%) <0001 -0.083
Relationship_friends, median (IQR) 2@2-2) 2-2) 223 <0.001* 0.142
1 Very good 556 (12.0%) 511 (12.7%) 45 (7.3%) <0001 0,057
2 Good 2,977 (84.1%) 2,600 (64.8%) 368 (59.4%) 0.008" 0,039
3 Average 968 (20.8%) 798 (19.8%) 170 (27.4%) <0001 ~0.064
4Bad 122 (2.6%) 94 (2.3%) 28 (4.5%) 0,002 ~0.046
5 Very bad 21 (0.5%) 12 (0.3%) 9(1.5%) <0001 -0.058
Neighbors, median (IQR) 3(2-9) 39 3(2-4) <0.001™" 0087
1 Very close 112 (2.4%) 101 (2.5%) 11(1.8%) 0.263 0016
2 Close 1,271 (27.4%) 1,118 (27.9%) 153 (24.7%) 0.008 0.024
3 Not really close 2,242 (48.4%) 1,962 (48.9%) 280 (45.2%) 0.084 0,025
4 Only rare 919 (19.8%) 762 (19.0%) 157 (25.3%) <0.001"** —-0.054
5 No contact 89 (1.9%) 70 (1.7%) 19.(3.1%) 0.026* -0.033
Sports, median (IQR) 3(2-5) 3(2-5) 4(2-5) <0001 0252
1 Daily 557 (12.0%) 510 (12.7%) 47 (7.6%) <0.001™ 0054
2 Several times a week 1,569 (33.9%) 1,436 (35.9%) 133 (21.4%) <0001 0.104
3 Once aweek 825 (17.8%) 707 (17.7%) 118 (19.0%) 0.419 ~0.012
4 One to three times per month 283 (6.1%) 245 (6.1%) 38 (6.1%) 0.998 0.000
5 Less often 875 (18.9%) 724 (18.1%) 151 (24.3%) <0001 ~0.054
6 Never 514 (11.1%) 380 (9.5%) 134 (21.6%) <0.001"** —-0.131
Walks, median (IQR) 2(2-4) 2(2-4) 3(2-5) <0001 0.121
1 Daily 893 (19.3%) 787 (19.6%) 106 (17.3%) 0.168 0.020
2 Several times a week 1,732 (37.4%) 1,540 (38.4%) 192 (31.3%) 0001 0,050
3 Once aweek 756 (16.3%) 659 (16.4%) 97 (15.8%) 0693 0.006
4 One to three times per month 313 (6.8%) 275 (6.9%) 38(6.2%) 0540 0.009
5 Less often 757 (16.4%) 621 (15.5%) 136 (22.19%) <0.001* ~0061
6 Never 174 (3.8%) 129 (3.2%) 45 (7.3%) <0001 -0.073
State_of_health, median (IR) 2029 2029 3(3-4) <0.001* 0.458
1 Very good 344 (7.5%) 329 (8.2%) 15 (2.5%) <0001 0,075
2 Good 2,255 (49.0%) 2,127 (63.3%) 128 (20.9%) <0.001*** 0.220
3 Average 1,628 (35.4%) 1,334 (33.4%) 294 (48.0%) <0001 ~0.104
4Bad 342 (7.4%) 188 (4.7%) 154 (25.29) <0001 ~0.265
5 Very bad 33(0.7%) 12/(03%) 21(3.4%) <0001 ~0.126
Standard_of_living, median (IQR) 222 2(2-2) 2(2-9) <0001 0275
1 Very good 1,032 (22.3%) 960 (28.9%) 72 (11.7%) <0001 0.100
2Good 2,454 (53.0%) 2,179 (54.3%) 275 (44.5%) <0001 0.067
3 Average 990 (21.4%) 780 (19.4%) 210 (34.0%) <0001 —0.121
4Bad 127 2.7%) 82(2.0%) 45 (7.3%) <0.001"* ~0.109
5 Very bad 29 (0.6%) 13(0.3%) 16 (2.6%) <0001 -0.008
Corona_infection

0 Not infected 4,351 (99.5%) 3,775 (09.5%) 576 (99.7%) 0670 ~0.006
1 Infected 20 (0.5%) 18 (0.5%) 2(0.3%) 0670 0.006
Corona_environment

0 Not infected 4,144 (92.6%) 3,607 (92.8%) 537 (91.3%) 0.189 0.020
1 Infected 329 (7.4%) 278 (7.2%) 518.7%) 0.189 -0.020
Corona_threat, median (IQR) 3(2-5) 3(2-5) 5(3-6) <0001 0.184
Depressive

ONo 2,955 (64.5%) 2,745 (69.2%) 210 (34.4%) <0.001™ 0247
1Yes 1,624 (35.5%) 1,223 (30.8%) 401 (65.6%) <0001 ~0247
Loneliness

0No 4,069 (90.0%) 3,580 (91.2%) 489 (82.3%) <0001 0.100
1Yes 450 (10.0%) 345 (8.8%) 105 (17.7%) <0001 ~0.100
Life_satisfaction

0No 611 (13.2%) 399 (10.0%) 212 (34.5%) <0001 ~0.246
1Yes 4,002 (86.8%) 3,509 (20.0%) 403 (65.5%) <0001 0246
Attitudes

0 Negative 1,200 (26.3%) 833 (20.9%) 376 (61.3%) <0001 -0312
1 Positive 3,384 (73.7%) 3,147 (79.1%) 237 (38.7%) <0001 0312

Velues are given as medien and interqurtile range unless otherwise indicated. Categorical parameters are given as absolute velues and percentages. For group comparisons, Mann-
Whitney U-tests were performed for non-nommally distributed ordinal data and chi-square tests for nominal date. Significant group differences are indicated by * (p < 0.05; *p < 0.01;
**'p < 0.001). The effect sizes (1) of the group differences were determined using the rank biserial correlation for the Mann-Whitney U-test and the Phi coefficient for the chi-square test.
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Overall score® (n, %)
Highvincrease (1,454, 9.9%)

Medium highvIncrease (4,558, 31.0%)
Medium/Stable (4,682, 32.0%)
Medium low/Decine (2,984, 20.4%)
Low/Decline (977, 6.7%)

3MS (1, %)

High/Stable (9,573, 65.3%)
Medium/Stable (4,137, 28.2%)
Low/Decline (945, 6.5%)

COWAT-F (n, %)

Highincrease (785, 5.4%)

Medium highvIncrease (3,905, 26.7%)
Medium low/Increase (6,554, 44.7%)
Low/Increase (3,411, 23.3%)
HVLT-R delayed recall (n, %)
High/Increase (3,414, 23.0%)
Medium highvIncrease (5,665, 38.7%)
Medium low/Stable (4,320, 29.5%)
Low/Deciine (1,256, 8.6%)

SDMT (n, %)

High/Deciine (862, 5.9%)

Medium high/Decline (3,679, 25.1%)
Medium/Deciine (4,868, 33.2%)
Medium low/Dedine (3,760, 25.7%)
Low/Deciine (1,486, 10.1%)

All-cause mortality®

OR (95% Cl)

Reference
1.56 (0.88-2.77)
1.85 (1.04-3.27)
1.91(1.06-3.44)
284 (1.52-5.30)

Reference
1.37 (1.08-1.73)
1.80 (1.28-2.52)

Reference
079 (0.48-131)
0.83(0.51-1.34)
1.12 (0.68-1.84)

Reference
1.01(0.78-1.39)
1.31(0.95-1.81)
1.61(1.09-2.36)

Reference
0.88 (0.47-1.66)
1.11(0.60-2.03)
1.04 (0.56-1.94)
1.80 (0.68-2.48)

P-value

0.13
0.04
0.03
0.001

0.008
0.001

0.36
0.44
0.66

0.97
0.11
0.02

0.70
0.74
0.89
0.43

Composite endpoint®

OR (95% Cl)

Reference
1.44 (0.95-2.18)
2.22(1.48-3.39)
3.18 (2.10-4.80)
5.60 (3.61-8.68)

Reference
1.74 (1.47-2.04)
3.26 (2.60-4.08)

Reference
1.00 (0.69-1.49)
1.25 (0.86-1.82)
1.37 (093-2.02)

Reference
1.23 (0.97-1.57)
1.94 (1.63-2.46)
3.40 (2.69-4.45)

Reference
1.16 (0.70-1.94)
1,62 (0.99-2.65)
217 (1.32-3.55)
3.00 (1.80-5.00)

P-value

0.08
<0.001
<0.001
<0.001

<0.001
<0.001

0.96
0.24
0.1

0.09
<0.001
<0.001

0.56
0.06
0.002
<0.001

3MS, Modified Mini-Mental State Examination; COWAT-F, Controlled Oral Word Association Test-F; HVLT-R, Hopkins Verbal Learning Test-Revised (delayed recal); SDMT, Symbol Digit

Modalities Test; OR, odds ratio; Cl, confidence interval.

“The models adjusted for age (continuous), gender (men; wome), ethnicity (Australian white; US white; Hispanic/Latino; Black; other), education (<12 years; >12 years), smoking
status (never; former; current), alcohol intake (never; former; current), living situation (at home alone; at home with someone or in a residential home), body mass index (underweight or
normal: ovenweight; obese), hypertension (yes; o), diabetes (yes; no), diyslpidemia (yes; o), depression (ves; no), weak grip strength [yes; no, defined as grip strength in the lowest
20% at baseline adjusted by gender and body mass index (33)}, slow gait speed [yes; no, defined as gait speedin the lowest 20% at baseline adjusted by gender and height (33)} and
frailty indiex [continuous (32)] at the last visit with complete data.

bDeath was confirmed with at least two independent sources (e.g., family, or clinical record, or public death notice) (17).
“Composite endpoint was defined as the first occurrence of death, or persistent physical disabilty, or dementia (17).

9Overall score was defined as the sum of the z-scores of 3MS, COWAT-F, HVLT-R (delayed recall) and SDMT.





OPS/images/fmed-09-917254/fmed-09-917254-t002.jpg
Overall score® (n, %)
Highvincrease (1,454, 9.9%)

Medium highvIncrease (4,558, 31.0%)
Medium/Stable (4,682, 32.0%)
Medium low/Decine (2,984, 20.4%)
Low/Decline (977, 6.7%)

3MS (1, %)

High/Stable (9,573, 65.3%)
Medium/Stable (4,137, 28.2%)
Low/Decline (945, 6.5%)

COWAT-F (n, %)

Highincrease (785, 5.4%)

Medium highvIncrease (3,905, 26.7%)
Medium low/Increase (6,554, 44.7%)
Low/Increase (3,411, 23.3%)
HVLT-R delayed recall (n, %)
High/Increase (3,414, 23.0%)
Medium highvIncrease (5,665, 38.7%)
Medium low/Stable (4,320, 29.5%)
Low/Deciine (1,256, 8.6%)

SDMT (n, %)

High/Deciine (862, 5.9%)

Medium high/Decline (3,679, 25.1%)
Medium/Deciine (4,868, 33.2%)
Medium low/Dedine (3,760, 25.7%)
Low/Deciine (1,486, 10.1%)

3MS, Modified Mini-Mental State Examination; COWAT-F; Controlled Oral Word Association Test-F; HVLT-R, Hopkins Verbal Leaming Test-Revised (delayed recal); SDMT, Symbol Digit
Modalties Test; OR, odds ratio; Cl, confidence interval,

“The models adjusted for age (continuous), gender (men; wome), ethnicity (Australian white; US white; Hispanic/Latino; Black; other), education (<12 years; >12 years), smoking
status (never; former; current), alcohol intake (never; former; current), living situation (at home alone; at home with someone or in a residential home), body mass index (underweight or
normal: ovenweight; obese), hypertension (yes; o), diabetes (ves; no), ciyslpidemia (yes; o), depression (ves; no), weak grip strength [yes; no, defined as grip strength in the lowest
20% at baseline adjusted by gender and body mass index (33), only for incident dementia), slow gait speed (yes; no, defined as gait speed in the lowest 20% at baseline adjusted by
gender and height, only for incident dementia), and fraity index [continuous (32)] at the last visit with available data.

Dementia®

OR (95% Cl)

Reference
664 (0.89-49.74)
22.47 (3.10-163.12)
58.76 (8.10-426.17)
172.20 (23.55-1260.50)

Reference
3.42(2.48-4.72)
13.61 (9.56-19.37)

Reference
1.47 (0.62-3.45)
2.59(1.18-5.91)
2.41(1.03-5.63)

Reference
330 (1.47-7.42)
12.85 (5.94-27.89)
37.73 (17.23-82.64)

Reference
4.28 (0.57-32.06)
9.67 (1.83-70.09)

20,97 (2.90-151.43)

38,54 (4.59-245.00)

P-value

0.07
0.002
<0.001
<0.001

<0.001
<0.001

0.38
0.03
0.04

0.004
<0.001
<0.001

0.16
0.03
0.003
0.001

Persistent physical disability®

OR (95% Cl)

Reference
090 (0.48-1.69)
1.30 (0.70-2.39)
1.49 (0.79-2.80)
1.48 (0.72-3.02)

Reference
1.28 (0.96-1.71)
1.02 (0.62-1.70)

Reference
1.31(0.63-2.74)
1.49 (0.78-3.04)
1.30 (0.62-2.73)

Reference
1.23 (0.83-1.82)
1.25 (0.83-1.88)
1.20(0.72-2.02)

Reference
1.01 (0.41-2.46)
1.20 (0.51-2.83)
1.64 (0.70-3.86)
2.39(0.99-5.77)

bDementia wes diagnosed according to the criteria of the Diagnostic and Statistical Manual of Mentel Disorders, fourth edition (17).
“Persistent physical disabilty was defined as being unable to perform or having severe difficuly in performing at least one basic activity of day ving for at least 6 months (17).
9Overall score was defined as the sum of the z-scores of 3MS, COWAT-E HVLT-R (delayed recal) and SDMT.

P-value

0.73
0.41
022
0.29

0.09
0.93

0.47
0.28
0.49

0.31
0.28
0.49

0.99
0.67
0.26
0.06
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Trajectory classes of the overall score® No. (%)

Baseline characteristics High/Increase Medium high/increase ~ Medium/Stable ~ Medium low/Decline  Low/Decline P-value®
(1,454, 9.9%) (4,558, 31.0%) (4,682, 32.0%) (2,984, 20.4%) (977, 6.7%)

Age, years <0.001

65-69° 11(08) 14(0.6) 31(07) 13 (0.4) 1(0.1)

70-74 331 (22.1) 828(18.2) 803 (17.2) 423(14.2) 86(8.8)

75-79 839 (67.7) 2,458 (63.9) 2,224.(47.5) 1,269 (42.2) 344 (35.2)

80-84 216 (15.0) 927 (20.3) 1,152 (24.6) 787 (26.4) 308 (31.5)

>85 67 (4.6) 320(7.0) 472 (10.1) 502 (16.8) 238 (24.4)

Gender <0.001

Men 381(26.2) 1,609 (35.3) 2,244.(47.9) 1,603 (53.7) 609 (62.3)

Women 1,073 (73.8) 2,949 (64.7) 2,438 (62.1) 1,381 (46.3) 368 (37.7)

Ethnicity <0.001

Australian white 1,273 (87.6) 4,008 (87.9) 4,184 (89.4) 2,650 (88.8) 894 (915)

African American 16(1.1) 103(2.3) 165 (3.5) 124 (4.2) 35(3.6)

Hispanic/Latino 21(1.4) 70(1.5) 98 (2.1) 88(3.0) 22(23)

US white 129(89) 330(7.2) 1713.7) 7124 8(08)

Other? 15 (1.0) 47(1.0) 64.(1.4) 51(1.7) 18(1.8)

Education, years <0.001

<12 417 (28.7) 2,052 (45.0) 2,884 (61.6) 2,171 (72.8) 799 (81.8)

=12 1,037 (71.3) 2,506 (55.0) 1,798 (38.4) 813 (27.1) 178(18.2)

Living situation 002

Alone at home 523 (36.0) 1,642 (33.8) 1,604 (34.3) 1,105 (37.0) 363 (37.2)

With someone 931 (64.0) 3,016 (66.2) 3,078 (65.7) 1,879 (63.0) 614(62.9)

Smoking status <0.001

Current 28(1.9) 74(1.6) 126 (2.7) 92(3.1) 35(3.6)

Former 560 (38.5) 1,833 (40.2) 1,908 (40.8) 1,200 (43.2) 427 (43.7)

Never 866 (59.6) 2,651(68.2) 2,648 (56.6) 1,602 (53.7) 515(52.7)

Alcohol intake <0.001

Current-high risk 396 (27.2) 1,194 (26.2) 1211(25.9) 711(23.8) 238 (24.4)

Current-low risk 742 (61.0) 2,138 (46.9) 2,118 (45.2) 1,202 (40.3) 365 (37.4)

Former 170 (11.7) 615(13.5) 681(14.6) 516 (17.3) 179(18.3)

Never 146 (10.0) 611(13.4) 672 (14.4) 565 (18.6) 196 (20.0)

Hypertension® <0.001

Yes 1,002 (68.9) 3,358 (73.7) 3,656 (78.1) 2,389 (80.1) 782 (80.0)

No 452 (31.1) 1,200 (26.3) 1,026 (21.9) 595 (19.9) 195 (20.0)

Diabetes m <0.001

Yes 82(5.6) 3818.4) 456 (9.7) 407 (13.6) 154 (15.8)

No 1,372 (04.4) 4,177 (916) 4,226 (90.3) 2,577 (86.4) 823(84.3)

Dyslipidemia® <0.001

Yes 1,010 (69.5) 3,028 (66.4) 3,081 (64.7) 1,843 (61.8) 604 (61.8)

No 444.(30.5) 1,530 (33.6) 1,651 (35.3) 1,141 (382) 373(38.2)

Depression® <0.001

Yes 184 (12.6) 716(15.7) 863 (18.4) 662 (22.2) 234.(24.0)

No 1,270 (87.4) 3,842(84.3) 3,819(81.6) 2,322 (77.8) 743 (76.0)

Weak grip strength! <0.001

Yes 238 (16.4) 930 (20.4) 1,276 (27.3) 995 (33.3) 409 (41.9)

No 1,216 (83.6) 3,628 (79.6) 3,406 (72.7) 1,989 (66.7) 568 (68.1)

Slow gait speed’ <0.001

Yes 170 (11.7) 892 (19.6) 1,281 (27.4) 1,065 (35.7) 442 (45.2)

No 1,284 (88.3) 3,666 (80.4) 3,401 (72.6) 1,919 (64.3) 535 (54.8)

Body mass index) <0.001

Underweight/Normal 537 (36.9) 1,387 (30.4) 1,300 (27.8) 842 (28.2) 269 (27.5)

Overweight 606 (41.7) 1,993 (43.7) 2,090 (44.6) 1,318 (44.2) 448 (45.9)

Obese 311 (21.4) 1,178 (25.8) 1,202 (27.6) 824(27.6) 260 (26.6)

Frailty index* <0.001

Frail 119(8.2) 512(11.2) 680 (14.5) 544(18.2) 213(218)

Pre-frail 464.(31.9) 1,733 (38.0) 1,918 (41.0) 1,200 (43.2) 448 (45.9)

None-frail 871(59.9) 2,313 (60.8) 2,084 (44.5) 1,150 (38.5) 316(32.3)

2Overall score was defined as the sum of the z-scores of four cognitive tests inclucing Modified Mini-Mental State Examination, Controfled Oral Word Association Test, Hopkins Verbai
Learning Test-Revised (delayed recal) and Symbol Digit Modalites Test.

bP-values are based on Pearson’s chi-squared test or Fisher's exact test.
<Only includes U.S. African American or Hispenic/Latino perticipants, who were eligible o enroll from 65 years or above (all other participants needed o be 70 years or above to

be recruited).

9“Other” was defined as any ethnical category with <100 participants, including Aboriginel/Torres StraitIslanders, American Indians, Ntive Hawaiiar/Pacific Islander/Maori, Asian, more
than one race, and those whose ethnicity could not be determined (16).

°Hypertension was defined as on treatment for high BP or BP >140/90 mmHg at study entry.
"Diabetes was defined from self-report or festing glucose =126 mg/dl. (=7 mmol/L) or on treatment for diabetes.

9Dyslipidemia was defined as those taking cholesterol-lowering medications or serum cholesterol =212 mg/dL (=5 mmol/L; Australia) and =240 mg/dL (=6.2 mmol/L; U.S,) or LDL >

160 mg/alL (>4.1 mmol/L).

"Depression was defined as CES-D-10 28.
"Weak grip strength and slow gait speed were defined using the adapted Fried fraity criteria (33).

IOverweight was defined as body mass index =25 kg/m? and obesity as body mass index >30 kg/m?.
KFrailty index (range: O1) was constructed by 67 deficits and categorized using the cut-off points of >0.21 for ‘fraif,, and >0.10 and <0.21 for ‘pre-frail’ (32).
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Average relative humicity in the
past year

Average temperature in the
past year

Covariates

Rural residence (Urban’)

East provinces (Middie/West)
Male (Female®)
Age groups (65~79 years old)
80~89 years old
90~99 years old
100+ years old
Years of schooling (0 year'):
1~6 years
7+ years
Current married (Unmarriect)
# of alive children
Log of income per capita
ADL disabled (Active’)
Cognitive impairment (Active")
Wave (2002*):
2005
2008
2011
2014
2018

All samples
OR[95%CI]

0.99(0.98,0.99]"**
1.04[1.03,1.08)"**
1.63(1.45, 1.62)"**

1.14[1.08, 121"
0.69(0.64, 0.73)"**

1.49[1.38, 161
1.56[1.43, 1.70]"**
1.58(1.43, 1.75]"**

122[1.18, 1301
1.63[1.41, 1.68)"**
098(0.91,1.05)
0.99(0.97, 1.00)"
1.10[1.07, 1.12)"**
1.64[1.54, 1.74)"**
0.96(0.89, 1.02]
1.03(0.95, 1.11]

0.89(0.82, 0.97)"**
0.940.85, 1.03)]
1.0210.92, 1.12)
1.00(0.92, 1.09]

Male only
OR[95%CI]

0.99[0.99,1.00]"*
1.03[1.02,1.08)"**
1.61(1.48, 1.7

121111, 133"

1.71(1.52, 1.91)*
1.99[1.75, 2.26]"*
2.23(1.87, 2.66)"*

1.17[1.05, 130"
1.68(1.35, 1.72)"**
1.08[0.98, 1.19]
0.99(0.96, 1.01)
1.13[1.08, 1.17]"
1.56(1.40, 1.73]"**
0.99[0.88, 1.11]
0.95(0.84, 1.08]

0.80[0.70, 0.92]"**
084[0.72, 0.98)"*
1.030.88, 1.21]
0.940.82, 1.08]

Female only
OR[95%CI]

0.98(0.98,0.99"*
1.04[1.03,1.08)"**
1.47[1.37, 157

1.10[1.08, 1.19]"**

1.32(1.19, 1.46]"*
1.27[1.13, 143"
1.27[1.12, 1.48]"**

1.24[1.13, 1.37]**
1.60[1.33, 1.68]"**
0.89(0.80, 0.98]""
0.98{0.96, 1.00)*
1.08[1.05, 1.11]"**
1.69[1.56, 1.83]"**
0.95[0.87, 1.03]

1.08(0.98, 1.20]

0.96[0.86, 1.06]
1.00(0.89, 1.13]
1.0000.87, 1.14]
1.03(0.92, 1.15]

Urban
OR[95%CI]

0.99[0.99,1.00]**

1.01[0.99,1.02)

1.32[1.22, 1.42)"™*
0.69(0.64, 0.75]"**

1.42[1.29, 157
1.57[1.40, 175"
1.60(1.32, 1.71)**

1.31[1.19, 1.43]"**
1.67[1.51, 188"
0.96(0.88, 1.05)
0.980.96, 1.00]"*
1.16[1.12, .20
1.73[1.60, 1.88]"**
0.96[0.88, 1.05]
0.96(0.87, 1.07)

0.87(0.78,0.97)"
0.99(0.87, 1.12)
1.07(0.98, 1.23]
0.98(0.88, 1.10)

Rural
OR[95%CI]

0.98[0.97,0.99]**

1.10[1.08,1.11)"**

099091, 1.08]
0.68(0.62, 0.75)"**

1.59[1.40, 1.79)"**
1.52[1.33, 1.76]"
1.65[1.41, 1.93)"**

1.080.97, 1.21]
1.11(0.95, 1.29]
097087, 1.08]
1.00(0.98, 1.02]
1.02(0.99, 1.05]

1.51[1.36, 1.67)"*
096(0.87, 1.07)
1.11(0.98, 1.26]

0.92[0.81, 1.04]
0.91[0.78, 1.05]
0.98[0.84, 1.15]
1.10[0.95, 1.26]

0 year schooling
OR[95%CI]

0.98[0.97,0.98]""*
1.05(1.03,1.06)"**
1.89(1.30, 1.50]"**

0.99(0.91, 1.06]
0.71[0.65, 0.78)]

1.87(1.21, 1.54"
1.36[1.19, 1.54]"**
1.88(1.20, 1.59]"**

0.940.84, 1.05]
0.990.97, 1.01)
1.08[1.05, 1.1
1.69(1.56, 1.83)"**
0.97(0.89, 1.05]
1.01(0.92, 1.12)

0.86(0.78, 0.96]"™*
088(0.77,0.99)"*
089(0.77,1.02)"
092081, 1.03]

‘p < 0.01. OR, Odds Ratio; Cl, confidence interval. Generalized estimation equation (GEE) were used. Dependent variables in all the 7 models are “Having Cataracts or not (Yes = 1, No

1+ year schooling
OR[95%CI]

1.0010.99,1.00]
1.03[1.02,1.04)"*
1.76[1.62, 191"

1.41[1.29, 154"
0.67(0.62, 0.73]"**

1.66[1.41, 1.72]"
1.76[1.56, 1.98]"*
1.81[1.54, 213"

0.82(0.76, 0.89]"*

1.00[0.91, 1.10]
0.99(0.97, 1.01)
1.11(1.08, 1.15]""*
1.57[1.42, 1.74]"
0.95(0.85, 1.06]
1.06(0.94, 1.20]

095(0.83, 1.08)
1.04[0.90, 1.19]
1.21[1.04, 1.41]*
1.12(0.99, 1.27)°

"
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Model |

OR[95%CI]
Average relative humidity in the past year 0.99[0.98, 0.99)"*
Average temperature in the cold months 1.08[1.02, 1.04)"**
Average temperature in the warm months

Average of dally maximum temperature

Average of daily minimum temperature

Covariates v

Model Il
OR[95%CI]

0.99[0.98, 0.99]"**

1.08[1.04, 1.07)**

v

Model Iil
OR[95%CI]

0.99[0.98, 0.99**

1.04[1.03, 1.08**

v

Model IV
OR[95%CI]

0.99(0.98, 0.99]"**

1.03[1.02, 1.04]"**
v

‘p < 0.10. 'p < 0.05. *'p < 0.01. OR, Odds Ratio; CI, confidence interval. Generalized estimation equation (GEE) were used. Dependent variables in all the 4 models are “Having

Cataracts or not (Yes = 1, Ne

0)". All samples are included. Covariates are the same as in Table 2, the Odds ratios of which are not listed.
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Average relative humidity in the past year
Very low: <60
Low: 60-69.99
Middle: 70-74.99 (ref.)
High: 75-79.99
Very high: =80
Average temperature in the past year
Very low: <12°C
Low: 12-14.99°C
Middle: 15-16.99°C (ref.)
High: 17-19.99°C
Very high: >20°C
Average temperature in the cold months
Very low: <5°C
Low: 5-7.99°C
Midde: 8-9.99°C (ref.)
High: 10-12.99°C
Very high: = 13°C
Average temperature in the warm months.
Very low: <21°C
Low: 21-22.99°C
Middle: 23-24.49°C (ref)
High: 24.6-25.99°C
Very high: 226°C
Covariates

Model |
OR[95%Cl]

1.841.19, 1.50)"**
1.04[0.96, 1.13]
1.00
0.90[0.84, 0.97)***
0.99(0.90, 1.08)

1.08(0.96, 1.21]
092(0.84,1.02)
1.00
1.24[1.15, 134
1.67[1.63, 1.82)"**

M

Model I
OR[95%CI]

1.87(1.22, 153"
1.10[1.01, 1.20]"*
1.00
0.86(0.80, 0.93)"*
0.94(0.86, 1.03]

0.89(0.80, 0.99]"*
0.710.64, 0.78]"**
1.00
1.18[1.08, 1.28]
1.84(1.23, 1.46)"*

v

Model lll
OR[95%Cl]

1.80[1.18, 1.44]**
1.02(0.94, 1.10]
1.00
0.92(0.86, 0.99]"*
1.06(0.97, 1.16]

1.04[0.94, 1.15)
0.88[0.82, 0.96]"**
1.00
1.18[1.09, 1.27**
1.52[1.40, 1.65]"**
v

'p < 0.10. *'p < 0.05. **'p < 0.01. OR, Odds Ratio; Cl, confidence interval. Generalized estimation equation (GEE) were used. Dependent variables in all the 4 models are “Having

Cataracts or not (Yes = 1, Ne

0)". All samples are included. Covariates are the same as in Table 2, the Odds ratios of which are not listed.
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Having cataracts, n (%)
Average relative humidity in the
past year, mean(SD)

Grades: Very low: <60, n(%)
Low: 60-69.99, n (%)
Middle: 70-74.99, n (%)
High: 75-79.99, n (%)

Very high: >80, n (%)
Average temperature in the past
year, mean (SD)

Grades: Very low: <12°C, n (%)
Low: 12-14.99°C, n (%)
Middle: 15-16.99°C, n (%)
High: 17-19.99°C, n (%)
Very high: 220°C, n (%)

Average temperature in the cold

months of past year, mean(SD)

Grades: Very low: <56°C, n (%)
Low: 5-7.99°C, n (%)
Middle: 8-9.99°C, n (%)
High: 10-12.99°C, n (%)
Very high: >13°C, n (%)

Average temperature in the warm

months of past year, mean (SD)

Grades: Very low: <21°C, n (%)
Low: 21-22.99°C, n (%)
Middle: 23-24.49°C, n (%)
High: 24.5-25.99°C, n (%)
Very high: 226°C, n (%)

Average of daily maximum

temperature in the past year,

mean (SD)

Average of daily minimum

temperature in the past year,

mean (SD)

Covariates

Living in urban area, n (%)

East China, n (%)

Meale, n (%)

Age, mean (SD)

Age group: 65-79, n (%)
80-89, n (%)

90-99, n (%)

100-105, n (%)

Education: llterates, n (%)
Elementary school, n (%)
Middle school o higher, 1 (%)

Current married, n (%)

# of alive children, mean (SD)

Log of income per capita, mean

(SD)

ADL disabled, (%)

Cognitive impairment, n (%)

All samples
N = 62,595

8071(12.9)
71.77@8.01)

6510(10.4)
16455(26.3)
14048(22.4)
16853(26.9)
8729(13.9)
16.303.92)

6145(9.8)
12503(20.0)
16482(26.3)
18212(29.1)
9253(14.8)
8.86(5.57)

11053(17.7)
13800(22.0)
11568(18.5)
14865(23.7)
11309(18.1)
23.64(2.42)

6756(10.8)
13919(22.2)
19757(31.6)
12832(20.5)
9331(14.9)
21.08(3.62)

12.63(4.54)

29809(47.6)
30425(48.6)
27787(44.4)
85.78(11.27)
20076(32.1)
16376(26.2)
15736(25.1)
10407(16.6)
34808(55.6)
18170(29.0)
9608(15.3)
22668(36.2)
3.24(192)
8.27(1.59)

15922(25.4)
12437(20.9)

No cataracts

N =54,524

71.90(7.89)

5345(9.8)
14453(26.5)
12291(22.5)
14810(27.2)
7625(14.0)
16.30(3.88)

5198(9.5)
10967(20.1)
14657(26.9)
15862(29.1)
7840(14.4)
8.86(5.50)

9850(17.1)
12433(22.8)
10050(18.4)
12073(23.8)
9718(17.8)
23.63(2.39)

5750(10.5)
12871(22.7)
17376(31.9)
11084(20.9)
7943(14.6)
21.08(3.58)

12.63(4.49)

24872(45.6)
25056(47.6)
24808(45.5)
85.40(11.33)
18206(33.4)
14239(26.1)
13419(24.6)
8660(15.9)
30434(55.8)
16006(29.4)
8084(14.8)
20244(37.1)
3.27(192)
8.23(1.52)

12847(23.6)
10542(20.3)

Having cataracts

N =8,071

70.91(8.76)

1165(14.4)
2002(24.8)
1757(21.8)
2043(25.3)
1104(18.7)
16.38(4.21)

947(11.7)
1536(19.0)
1825(22.6)
2350(20.1)
1413(17.5)
8.84(5.99)

1708(21.1)
1367(16.9)
1518(18.9)
1892(23.4)
1501(19.7)
23.70(2.57)

1006(12.5)
1548(19.2)
2381(20.5)
1748(21.7)
1388(17.2)
21.11(3.88)

12.62(4.87)

4937(61.2)
4469(55.4)
2979(36.9)

83.38(10.53)
1870(23.2)
2187(26.5)
2817(28.7)
1747(21.6)
4374(54.2)
2173(26.9)
1524(18.9)
2424(30.0)
3.08(1.94)
8.58(1.58)

3075(38.1)
1895(25.2)

P-values of
difference

<0.001

<0.001
0.001
0.120
0.001
0.459
0.584

<0.001
0.023
<0.001
0.964
<0.001
0715

<0.001
<0.001
0417
0.489
<0.001
0.011

<0.001
<0.001
<0.001
0.006
<0.001
0.495

0.801

<0.001
<0.001
<0.001
<0.001
<0.001
0.489
<0.001
<0.001
0.008
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
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Endowment insurance

Medical insurance

Other social assistance

Sex

Age

Urban

Marriage

Separated

Divorced

Widowed

Cohabiting

Unmarried (reference group)

_cons

cutt

cut2

cutd

cutd

N
R

‘p <0.1,"p < 0.05, and ""p < 0.01. _cons, constant term; cut, quantile. The number in () means the standard deviation.

)
Self-rated health

0.005"
(0.002)
~0.020"
(0.002)
0.026"
(0.0035)
-0.208"
0.022)
0012
(0.001)
-0219™
(0.023)
~0.745™
(0.148)
-0.449"
(0.255)
-0.457"
(0.183)
0711
(0.152)
-0812+
(0.402)

-1.370"*

(0.166)
0.495"
(0.166)
1.446"
(0.166)
4845
0013

@

Number of chronic diseases

-0.024%
0.010)
0.137°
(0.036)
—0.128"
(0.0277)
—0.172
(0.020)
0,044
(0.001)
-0.038"
(0.021)
~0055
©0.116)
—0.144
(0.226)
0057
(0.154)
-0.196
(0.120)
-0.118
(0.329)

—1.268"
(0.135)

9,785
0.002

@

Degree of depression

0101
(0.019)
0072
(0.033)
—0.625""
(0.025)
0382
(©.019)
~0.006"*
(0.0009)
0.184"
(0.020)
4191
(86.28)
3.660
(86.28)
3878
(86.28)
3999
(86.28)
3632
(86.28)

-3.826
(86.28)

9,785
0.055

@
Cognitive level

0,079
(0.018)
0.188"
(0.027)
~0.890"
0.0218)
0345
(0.015)
-0018"
(0.001)
0525
(0018
5.475
(98.45)
5.114
(98.45)
5366
(98.45)
5363
(98.45)
5270
(98.45)

3,504
(0.145)

9,785
0.204
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Number of surviving children

Number of siblings

Parental financial support

Children's financial support

Control variables

_cons

cutt

cut2

cutd

cutd

N
I3

‘p<0.1,"p < 0.05, and "“p < 0.01. _cons, constant term; cut, quantile. The number in () means the standard deviation.

)
Self-rated health

0045
(©0.011)
0005
(0.007)
~0.005
(0.009)
0,005
(0.001)
Control

—1.487"
(0.185)
—0.974"
(0.184)
0351"
(0.184)
1.343
(0.185)
4845
0.125

@

Number of chronic diseases

004
0.010)
0031
(0.006)
-0013
(0.010)
~0.002"
(0.001)
Control
—1.360"
(0.227)

9,785
0.089

®)

Degree of depression

(0.001)
Control
~0.335"

©0.141)

9,785
0.058

“@

Cognitive level

~0.030"
(0.014)
0053
(0.009)
~0.005
(0.013)
0.005*
(0.003)
Control
1.488"
(0.189)

9,785
0.222
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Variables AST/ALT < 1.05 AST/ALT > 1.06 X2 ort P
(n=114) (n =146)

Age, y 68.31 + 7.321 71.84 £ 6.745 —4.032 <0.001*
Education, y 11.41 £ 3.527 11.11 £4.109 0.627 0.531
Basline of MoCA 2456 +2.727 24.03 + 3.229 1.415 0.158
Male, n (%) 62 (54.4) 55 (37.7) 7.226 0.008*
Somker, n (%) 35 (30.7) 28 (19.2) 4.630 0.041*
Drinker, n (%) 30 (26.9) 31(21.2) 0.921 0.377
Tea drinker, n (%) 70 (61.4) 63 (43.2) 8.536 0.004*
Take exercise, n (%) 87 (76.9) 93 (63.7) 4.784 0.031*
Hypertension, n (%) 70 (61.4) 85 (568.2) 0.270 0.613
Diabetes 33 (28.9) 31(21.2) 2.503 0.191
The total protein, mmol/L 76.07 £ 4.817 76.90 + 4.809 —1.379 0.169
Total bilirubin, mmol/L 14.63 + 4.546 13.63 + 4.682 1.747 0.082
Creatinine, mmol/L 65.24 £ 15.78 67.73 £ 18.62 —1.146 0.253
Total cholesterol, mmol/L 5.09 £+ 1.080 5.13 +1.067 —0.313 0.754
Triglycerides, mmol/L 1.80+ 1.019 1.78 = 1.269 0.436 0.663
High density lipoprotein, mmol/L 1.31 £0.319 1.356+£0.294 —0.842 0.400
Low density lipoprotein, mmol/L 3.25+1.005 3.16+0.935 0.756 0.450
Fasting plasma glucose, mmol/L 583+ 1.517 543 +£1.137 2.455 0.015*
Follow-up of MOCA 24.31 + 3.043 22.65 + 3.670 3.887 <0.001*

MoCA, Montreal Cognitive Assessment; ALT, Alanine transferase; AST, Glutamyl transferase. “p < 0.05.
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Variables B S.E Wals Df p HR 95% confidence interval

AST/ALT 0.641 0.249 6.056 1 0.014* 1.848 1.133~3.021

ALT, Alanine transferase; AST, Glutamyl transferase. *p < 0.05.





OPS/images/fmed-09-780174/fmed-09-780174-t005.jpg
Variables AST/ALT < 1.05 AST/ALT > 1.06 X2 or t P
(n=42) (n =52)

Age, y 73.10 £7.833 71.37 + 6.863 1.140 0.257
Education, y 12.60 + 5.147 12.02 + 3.534 0.642 0.523
Basline of MoCA 22.68 +8.589 22.75 £ 5.216 —0.404 0.687
Male, n (%) 12 (28.6) 20 (38.5) 1.102 0.384
Somker, n (%) 6 (14.3) 8 (1 5.4) 0.022 1.000
Drinker, n (%) 5(11.9) 1(21.2) 1.407 0.279
Tea drinker, n (%) 20 (47.6) 18 (34.6) 1.631 0.214
Take exercise, n (%) 24 (57.1) 38 (73.1) 2.267 0.128
Hypertension, n (%) 22 (52.4) 31 (59.6) 0.494 0.534
Diabetes, n (%) 5(11.9) 9(17.3 0.535 0.566
Follow-up cognitive decline, n (%) 14 (32.7) 37 (70.8) 14.152 <0.001*
The total protein, mmol/L 71.82 +£4.160 73.38 £ 5.350 —1.485 0.141
Total bilirubin,mmol/L 10.78 + 4.181 11.89 + 11.88 —0.557 0.579
Creatinine, mmol/L 71.87 £15.16 71.73 +£18.27 —0.093 0.926
Total cholesterol, mmol/L 5.124+ 0.909 5.06 + 1.260 0.316 0.752
Triglycerides, mmol/L 1.95 4+ 1.228 1.50+0.816 1,685 0.070
High density lipoprotein, mmol/L 118 £ 0227 1.29 + 0.400 —1.515 0.134
Low density lipoprotein, mmol/L 3.18 £ 0.765 3.37 £1.019 —0.927 0.356
Fasting plasma glucose, mmol/L 5.46 + 1.861 5.03 £ 0.887 1.407 0.163
Follow-up of MOCA 21.67 £3.989 19.19 £ 5.089 2.629 0.010*
The whole brain volume, mm?3 1478368.65 1420594.39 1.906 0.060
Left hippocampus, mm?> 3687.22 + 427.73 3529.82 + 397.59 1.849 0.068
Right hippocampus, mm? 3903.44 + 471.33 3668.94 + 520.276 2.287 0.024*
Left amygdala, mm? 1537.50 + 213.47 1462.60 + 237.98 1.604 0.112
Right amygdala, mm?® 1667.49 + 222.83 1594.92 + 277.75 1.394 0.167

MoCA, Montreal Cognitive Assessment; ALT, Alanine transferase; AST, Glutamyl transferase. “p < 0.05.





OPS/images/fmed-09-780174/fmed-09-780174-t006.jpg
Variables B S.E Wals df p HR 95% confidence interval

AST/ALT 0.809 0.301 7.234 1 0.006* 2.247 1.248~4.409

ALT, Alanine transferase; AST, Glutamyl transferase. *p < 0.05.
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Variables aMClI AD Normal F p

(n =135) (n=22) (n=319)
Age, y 74.93 +8.165 80.62 + 5.835 69.92 +7.335 36.033 <0.001*
Education, y 6.93 +£4.918 5.35 + 4.660 10.37 + 3.946 38.083 <0.001*
BMI, Kg/m? 23.88 + 3.865 22.06 + 3.091 24.03 £+ 3.482 2.961 0.053
AST/ALT 1.46 + 0.583 2.14 +2.682 1.37 £ 0.520 7.311 0.001*
Fasting plasma glucose, mmol/L 5.58 +1.790 7.14 +£2.363 5.55 + 1.940 3.982 0.020*
Triglyceride, mmol/L 1.64 +0.871 2.00 £+ 1.102 1.97 £1.395 2415 0.091
Cholesterol, mmol/L 4.86 +1.163 4.94 +£0.730 4.83 £ 1.052 0.087 0.916
High density lipoprotein, mmol/L 1.19+£0.275 1.04 £0.244 114 +£0.270 2.092 0.125
Low density lipoprotein, mmol/L 29140925 2.96 £ 0.627 2.85+0.838 0.246 0.782
Male, n (%) 45 (33.3) 3(13.6) 152 (47.6) 15.605 <0.001*
Smoker, n (%) 25 (18.5) 1(4.5) 89 (27.9) 9.399 0.009*
Drinker, n (%) 21 (15.6) 0 64 (20.1) 6.328 0.042*
Tea drinker, n (%) 47 (34.8) 6 (27.3) 157 (49.2) 10.635 0.005*
Take exercise, n (%) 88 (65.2) 14 (63.6) 210 (65.8) 0.055 0.973
Hobby, n (%) 63 (46.7) 7(31.8) 205 (64.3) 18.409 <0.001*
Hypertension, n (%) 68 (50.4) 10 (45.5) 158 (49.5) 0.184 0.912
Diabetes, n (%) 19 (14.1) 5(22.7) 43 (13.5) 1.455 0.483
Hyperlipidemia, n (%) 19 (14.1) 2(9.1) 59 (18.5) 4.553 0.336
Heart disease, n (%) 29 (21.5) 7(31.8) 79 (24.8) 1.296 0.523
APOE E4, n (%) 8(5.9) 2(9.1) 34 (10.7) 4.426 0.351
MMSE 23.99 + 4.797 16.64 + 6.426 28.19 £ 1.995 134.516 <0.001*
moCA 17.85 £ 5.599 10.95 + 6.358 25.24 +£3.756 203.730 <0.001*

ALT, Alanine transferase; AST, Glutamyl! transferase; BMI, Body mass index; APOE, Apolipoprotein E; MMSE, Mini-mental State Examination; MoCA, Montreal Cognitive
Assessment. *p < 0.05





OPS/images/fmed-09-780174/fmed-09-780174-t002.jpg
Variables B

McCI

Model 1 (AST/ALT) 0.261
Model 2 (AST/ALT) 0.136
AD

Model 1 (AST/ALT) 0.614
Model 2 (AST/ALT) ~0.392

S.E

0.196
0.253

0.249
0.628

Wals

1.779
0.290

6.056
0.390

Df

0.182
0.590

0.014~
0.632

OR

1.299
1.146

1.848
0.675

95% confidence interval

0.885~1.907
0.689~1.882

1.133~3.012
0.197~2.313

ALT, Alanine transferase; AST, Glutamyl transferase. Model 1 did not control any variables;, model 2 controlled age, education, fasting plasma glucose, gender, smoker,

drinker, tea drinker, and hobby. *p < 0.05.
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Variable Reference Model 1 Model 2
OR (95% Cl) OR (95% Cl)

Gender

Female Male 1.004(0.905-1.118)  1.018(0.918-1.129)

Education (years)

1-6 o 0968 (0.862-1.087)  0.964 (0.868-1.084)

6+ 0582 (0.502-0.673)**  0.591 (0.510-0.685)"*

Age

70-79 60-69 0771 (0.663-0.897)"  0.784 (0.674-0.912)"

=80 0046 (0812-1.108)  1.009 (0.863-1.179)

Residence

Rural City/town 1.275 (1.168-1.408)™  1.253 (1.187-1.381)""

Marital status

Marriage Not marriage 0.173 0.154-0.194)**  0.167 (0.148-0.188)"**

Annual income

50,000-99,999 0-49,999 1.638 (1.864-1.789)"  1.551 (1.875-1.749)"*

100,000~ 1.862 (1.646-2.108)™  1.902 (1.679-2.155)""

Current living model

Aone With household member(s) ~ 0.094 (0.070-0.126)"**  0.089 (0.066-0.120)"**

In anursing home 0447 (0211-0.948) 0471 (0.221-0.999)"

ADL disability

Yes No - 0.798 (0.709-0.898)"*

Chronic diseases

1 0 - 0.887 (0.788-0.999)"

24 - 0.798 (0.712-0.894)"**

Community services

Yes No - -

Children’s financial support

Yes No - -

Children visit

Yes No - -

'p < 0.05; *p < 0.01; **p < 0.000.

Model 3
OR (95% Cl)

0.997 (0.899-1.106)

0.963 (0.857-1.081)
0590 (0.510-0.684)""*

0.757 (0.651-0.881)""*
0935 (0.802-1.091)

1.265 (1.148-1.399)"**

0.172 (0.153-0.193)"**

1,545 (1.870-1.743)"*
1.899 (1.676-2.151)""*

0005 (0.071-0.127)"**
0.494 (0.231-1.053)

0.872 (0.792-0.959)

1.207 (1.092-1.333)"**

1.407 (1.163-1.702)"**

Model 4
OR (95% Cl)

1.010 (0.910-1.121)

0.960 (0.854-1.079)
0.600 (0.517-0.695)""

0.770 (0.661-0.896)"*
0.994 (0.850-1.162)

1.244 (1.129-1.371)"*

0.166 (0.147-0.187)"**

1.657 (1.380-1.757)"**
1.934 (1.706-2.198)"""

0.090 (0.067-0.122)"**
0.517 (0.242-1.107)

0.810(0.720-0.912)™

0.891(0.791-1.004)
0.803 (0.717-0.900)**

0.884 (0.803-0.972)"

1.194 (1.080-1.319)"

1.405 (1.161-1.707)"*

Model 1 only includes individual socioeconomic variables such as gender, age, education level, residence, annual income, marital status, and current residence mode.

Model 2, based on Mode! 1, the variables of personal health status, including ADL and chronic diseases were included.
Model 3, based on Model 1, community services, children’s financial support, children’s visits were included.
Model 4 includes variables such as basic personal information, health status, and social support.
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Variables

Health condition
Self-reported health
Good

Normal

Poor

ADL disability

Yes

No

Chronic diseases

0

1

2+

Social support
Older insurance

Yes

No

Health insurance
Yes

No

Community services
Yes

No

Children’s financial support
Yes

No

Children visit

Yes

No

Total

N (%)

4,255 (43.8)
4,183 (43.4)
1,230 (13.8)

2,601 (27.9)
6947 (72.1)

2,787 (28.9)
2,984 (31.0)
1,987 (40.1)

2,611 (27.1)

7,027 (72.9)

7,970 (82.7)
1,668 (17.3)

6,206 (64.4)
3,432 (35.6)

6,663 (69.1)
2,975 (309)

9,050 (93.9)
583 (6.1)

Living arrangement preference

With children
n (%)

2,327 (44.4)
2,233 (42.6)
680 (13.0)

1,774 33.9)
3,466 (66.1)

1,668 (31.8)
1,642 (31.3)
1,930 (36.9)

1,408 (26.9)

3,832 (73.1)

4,348 (83.0)
892 (17.0)

3,305 (63.1)
1,935 (36.9)

3,706 (70.7)
1,634 (29.9)

4,968 (94.8)
272 6.2)

Not with children
n (%)

1,898 (43.2)
1,950 (44.3)
550 (12.5)

917 (20.9)
3481 (79.1)

1,119 (25.4)
1,342 (30.5)
1,937 (44.1)

3,802 (27.4)

3,195 (72.6)

3,602 (82.4)
776 (17.6)

2,901 (66.0)
1,497 (34.0)

2,957 (67.2)
1,441 (32.8)

4,082 (92.8)
316(7.2)

2.909

200.935

65.258

0.283

0.645

8.706

13.649

16.600

0.234

<0.001

<0.001

0.597

0.422

0.003

<0.001

<0.001
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Variables

Gender
Male

Female

Education

0

1-6

6+

Age

60-69

70-79

80+

Residence

City/town

Rural

Marital status

Marriage

Not marriage

Annual income
0-49,999

50,000-99,999

100,000~

Current living arrangement
With household member(s)
Alone

Nursing home

Total

N (%)

4,244 (44.0)
5,394 (56.0)

4,658 (48.3)
3,063 (31.8)
1,917 (19.9)

1,241 (12.9)
2,345 (24.3)
6,052 (62.8)

5,507 (57.1)
4,131 (42.9)

4617 (47.9)
5,021 (52.1)

5,495 (57.0)
2,084 (21.4)
2079 (21.6)

9,286 (96.4)
320(3.3)
32(08)

Living arrangement preference

With children
n (%)

1,964 (37.5)
3,276 (62.5)

2,975 (56.8)
1,659 (29.8)
706 (13.4)

482 9.2)
859 (16.4)
3,899 (74.4)

2,880 (55.0)
2,360 (45.0)

1,624 (29.1)
3,716 (70.9)

2,700 (61.4)
854 (19.4)
844 (19.2)

5,163 (98.5)
61(1.2)
16(03)

Not with children
n (%)

2,280 (51.8)
2,118 (48.2)

1,683 (33.9)
1,504 (34.2)
1.211(27.5)

759 (17.2)
1,486 (33.8)
2,153 (49.0)

2,927 (59.7)
1,771 (40.8)

3,003(703)
1,305 (29.7)

2,795 (53.3)
1,210 28.1)
1,235 (23.6)

4,123(93.7)
259(5.9)
16 (0.4)

200.100

422.048

664.708

22213

1,629.796

63.507

166.702

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Living with children refers to the elderly living together with children. Not living with children means that the elderly only live with their spouses or in nursing institutions, welfare homes, etc.
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> Age composition of standard group population
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Descriptive variable

ABC (scores)
TUGT (mvs)

HGS (kg)

30-AC test (times)
30-CS test (times)
2-min step test (times)
SR test (cm)

BS test (cm)

8-ft up-and-go test (5)

ABC, activity-specific balence confidence; TUGT, time “up-and-go”

Overall participants
(n =299)

85.59 + 12.89
0.68+0.16
27.06 +817
18.34 £5.17
20.86 + 4.86

92.51 + 15.08
6.73 £9.06

-10.68 +12.33
717 £2.40

Participants with self-reported falls
(n=35)

76.26 +£16.86
0.69 +£0.17
25.00 4 7.06
14.86 £5.74
18.28 £ 4.12
87.54 + 13.86
249 £10.18

—13.97 4+ 12.86
982+£4.24

Participants without self-reported falls
(n = 264)

86.83 + 11.76
0.70£0.15
27.32 4828
18.80 + 4.92
21214+ 4.85

93.17 +£ 15.14
729877

-10.13 £ 12.22
688+ 1.87

p-value

<0.001
<0.001
0.114
<0.001
<0.001
0.038
0.003
0.083
<0.001

st; HGS, handgrip strength; 30-AC, 30-s arm curl; 30-CS, 30-s chair stand; SR, sit-and-reach; BS, back scratch.
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Descriptive variable

Mean age (years)

Sex (male, n, %)

BMI (kg/m?)

Smoking history (1, %)
Drinking history (n, %)
Hypertension (n, %)
Diabetes (1, %)
Stroke (n, %)

Fracture history (n, %)

BMiI, body mass index.

Overall participants
(n=299)

67.16 +6.81
87 (20.10)
2492 +8.06
53(17.73)
48 (16.05)
138 (46.15)
58 (19.40)
18 (6.02)
12 (4.01)

Participants with self-reported falls
(n=35)

NI 2724
11(31.49)
25.44 +2.71
4(11.43)
5(14.29)
18 (51.49)
7(20.00)
3(857)
2(6.71)

Participants without self-reported falls
(n=264)

6655 + 6.53
76 (28.79)
24.85 +8.10
49(18.56)
43 (16.29)
120 (45.45)
51(19.2)
15 (5.68)
10(3.79)

p-value

<0.001
0.747
0.287
0.299
0.452
0.505
0.924
0.346
0513
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Factors First-time users
(n=163)
Number  Proportion

(%)

Gender

Male 85 521

Female 78 47.9%

Age

60-75 98 60.1%

>75 65 39.9%

Distance to hospital

<80min 79 485%

>80min 84 51.5%

Medical insurance

Yes 82 50.3%

No 81 49.7%

Hospital visit within 6 months

0-1 83 509

>1 80 491

Living status

Alone 83 509

With children 42 258

With spouse 38 233

Pension

Yes %2 56.4

No il 436

Education

Below middle school 73 448

Middle school 42 258

College or above 8 294

Learning approach

Self-study 30 184

Chidren or community 71 436

On-site guidance 62 380

Previous users

(n=162)
Number  Proportion
(%)
82 50.6%
80 49.4%
) 57.4%
69 42.6%
68 42.0%
9% 58.0%
83 51.2%
79 48.8%
70 432
% 568
56 346
52 32.4
54 333
99 61.1
63 389
59 36.4
52 32.1
51 316
99 61.1
41 253
22 186
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Satisfaction domains

Convenience of operation system
Visiting time

Precise medicine

On-site assist service

COVID-19 prevention

Privacy protection

Total

First-time users

Online service Walk-in service
131(81.9) 107 (66.9)

150 (93.6) 98(61.3)

141 (88.1) 118 (73.8)

110 (68.7) 101 (63.1)

155 (96.9) 78 (48.8)

142 (88.8) 131(819)

130 (81.3) 89(55.7)

P value

002
<0.001
<0.001
0.228
<0.001
<0.001

<0.001

Previous users

156 (97.5)
148 (92.5)
155 (96.9)
115(719)
158 (98.8)
152 (95.0)

137 (85.6)

P value

<0.001
0.658
0.0029
0.54
0.251
0.05

0.29
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Factors

Age 60-75
>75
Gender Male
Female
Distance to hospital <380min
>80min
Medical insurance Yes
No
Hospital visit within six months  0-1
>1
Living status Alone
With children
With spouse
Pension Yes
No
Education Below middle school
Middle school

College or above

Al the significant factors (P < 0.05) are in bold.

191
184
167
158
147
178
165
160
153
172
139
94

92

191
134
182
94

99

Total (n = 325)

Dissatisfied (%) OR (95% CI)

120
23.1
16.8
156
163
16.9
17
16.3
209
1.6
259
86
18.4
173
16.4
22.7
202
5.1

037 (0.19, 71.4)

0.78 (0.40, 1.50)

0.51(0.25, 0.98)

1,05 (0.54, 2.04)

2.51(1.80, 4.98)

3.38(1.45,8.72)
1.96 (0.89, 4.51)

091(0.47, 1.74)

1.00 (0.49, 2.05)

Pvalue n

0.03

0.452

0.045

0.891

0.007

0.007
0.102

0.771

0.997

505 (1.93,15.92) 0.002

98
65
85
78

888828

42
92
l
73
42
48

First-time users (n = 163)

Dissatisfied (%) OR (95% Cl)

173
216
20

16.7
139
238
195
185
241
125
36.1
6.3

19
19.6
183
246
238
6.3

053 (0.21, 1.35)

081(0.31,2.08)

0.36 (0.13, 0.90)

0.76 (030, 1.93)

2.21(0.83,5.00)

650 (1.80, 32.69)
232 (0.78,8.09)

1.55 (053, 4.60)

4.98(1.41,23.97)
0.72(0.26, 1.98)

Pvalue n

0.191

0.661

0.034

0.569

0.003

0.009
0.150

0.781

0514
0.023

33B8BLBB8RBY

92
56
52

888¢Q

52
51

Previous users (n = 162)

Dissatisfied (%) OR (95% CI)

6.5

246
134
15

191
106
14.5
139
185
108
107
15
222
15.1
14.2
203
17.3
39

021 (0.07, 5.67)

070 (0.25, 1.96)

0.63(0.22, 1.72)

1.56 (0.53, 4.60)

2,44 (0.89, 7.00)

2,06 (0.56, 8.44)
1,62 (0.47, 5.89)

0.83(0.33,2.37)

1.50 (053, 4.43)
8.13(1.75, 60.61)

P value

0.003

0.502

0.378

0.421

0.086

0.288
0450

0.805

0.448
0.016
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Unstandardized beta Co-efficient (95% confidence interval)

Type of changes in napping®

Decreased by >0.5h Decreased by 0-05h  Nochange Increased by 0-0.5 h Increased by >0.5 h
—1.587 (-2.583, ~0.590)"  —1.023 (~2.223,0.177) Ref. —1.164 (~2.457,0129)  —0.996(~2.183,0.191)
—1.108(~2.072, ~0.144)  —0.688 (~1.842, 0.466) Ref. —0.968 (~2.200,0278)  —0.625 (~1.767, 0.517)
Model 3 —0.769(~1600,0062)  —0.531(~1.525,0.463) Ref. —0.824(~1893,0245)  —0.253(~1.237,0.732)
Global cognition in wave 3°
Model 1 —0.824(~1767,0.120)  —0.226 (~1.372, 0.920) Ref. 0,070 (~1.118, 1.257) ~0.927 (~2.021,0.166)
Model 2 —0.445 (—1.364, 0.474) —0.022 (-1.137, 1.093) Ref. 0.301 (~0.849, 1.452) —0.396 (—1.464, 0.672)
Model 3 ~0.128(-0911,0655) 0098 (~1.047,0.852) Ref. 0.364 (~0.616, 1.343) ~0.019 (~0.930, 0.891)
Global cognition in wave 4¢
Model 1 ~1210(-2.298, ~0.121)* 1,328 (~0.040, 2.696) Ref. 0268 (~1.152,1.688)  —1.952(~3.183, ~0.722)"*
Model 2 ~0.897 (~1.952,0.158) 1.198 (~0.114,2.510) Ref. 0.385(-0.980,1.751) 1558 (~2.738, ~0.379)"
Model 3 ~0.147 (~1.060, 0.766) 1.002 (~0.129, 2.134) Ref. 0.303 (~0.874,1.480)  —1.123(~2.141, ~0.105)"

@ Using generalized linear models (GLMS).
P <005 " P <001, P <0001

Mode! 1: Adjusted for age and gender

Model 2: Adjusted for Model 1-+ educational levels, physical activties, BMI, depression, use of tranquilizers, smoking, alcohol consumption, night sleep duration at baseline, medical
history including hypertension, dyslipidernia, heart disease, and other 11 chronic diseases.

Model 3: Adjusted for Model 2 + baseline global cognition score.

b Change in napping presented the variations between napping in wave 2 and napping at baseline, being dvided into five groups: decreased >0.5 h/dey, decrease 0-0.5 h/day, no
change, increased 0-0.5 hcay, and increased >0.5 h/day, the GLMs showed the associations between this change in napping and global cognition scores in wave 2.

© Change in napping presented the variations between napping in wave 3 and napping at baseline, being divided into five groups: decreased >0.5 h/cey, decrease 0-0.5 h/day, no
change, increased 0-0.5 h/cay, and increased >0.5 h/cay, the GLMs showed the associations between this change in napping and global cognition scores in wave 3.

9 Change in napping presented the variations between napping in wave 4 and napping at baseline, being divided into five groups: decreased 0.5 h/day, decrease 0-0.5 h/day, no
change, increased 0-0.5 h/day, and increased >0.5 h/day, the GLMs showed the associations between this change in napping and global cognition scores in wave 4.
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Categorical trend 1
No napping

Short napping

Moderate napping

Long napping

Categorical trend 2

No napping

Napping

Linear trend for napping <1.5 h
Duration

inear trend for napping >1.5 h
Duration

Memory

Categorical trend 1

No napping

Short napping

Moderate napping

Long napping

Categorical trend 2

No napping

Napping

Linear trend for napping <1.5 h
Duration

inear trend for napping >1.5 h
Duration

Executive function

Categorical trend 1

No napping

Short napping

Moderate napping

Long napping

Categorical trend 2

No napping

Napping

Linear trend for napping <1.5 h
Duration

near trend for napping >1.5 h
Duration

Model 1° g (SE)

Ref.

0.251 (0.160, 0.343)"**

0.145 (0.085, 0.225)"*
0(-0.104,0.105)

Ref.
0.147 (0082, 0.212)**

0.120 (0.048, 0.193)"**
—0.313 (—0.640, 0.014)
Ref.

0.550 (0.303, 0.796)"**
0.314 (0.105, 0.522)"**

0.061 (—0.207, 0.329)

Ref.
0.333 (0.163, 0.503)"**

0.242 (0,052, 0.432)"
~0.499 (-1.220,0.222)
Ref.

0.447 (0.249, 0.645)**
0.314 (0.149, 0.479)"**

0.195 (~0.016, 0.405)

Ref.
0.330 (0.194, 0.465)"**

0.279 (0.128, 0.431)**

—-0.791 (-1.387, -0.195)"*

P <0.001," P <0.01," P <0.05, p: unstandardized beta Co-efficient, SE: standard error.

2 Adjusted for age and sex.

Orientation

Model 2° § (SE)

Ref.
0.195 (0.107, 0.282)"**
0,077 (<0.001, 0.155)
~0.043 (~0.146, 0.059)

Ref.
0.089 (0,025, 0.153)"*

0,055 (~0.017, 0.127)
~0211(-0.540,0.118)
Ref.

0.385 (0.158, 0.618)**
0.111 (~0.001,0.313)

~0.057 (-0.315, 0.201)

Ref.
0.163 (~0.001, 0.328)

0049 (~0.135, 0.233)
—0.245 (~0.980, 0.490)
Ref.

0321 (0.183, 0510
0.139 (~0.021, 0.300)

0.069 (~0.138, 0.275)

Ref.
0.183 (0.051, 0314

0.114 (~0.034, 0.262)

—0.752 (-1.322, -0.182)*

© Adjusted for age, sex, educational levels, physical activities, BMI, depression, use of tranquiizers, smoking, alcohol consumption, night sleep duration at baseline, medical history
including hypertension, dyslipidemia, heart disease, and other 11 chronic diseases.
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Categorical trend 1
No napping

Short napping

Moderate napping

Long napping

Categorical trend 2

No napping

Napping

Linear trend for napping <1.5 h

Duration

near trend for napping >1.5 h
Duration

Model 1° § (SE)

Ref.
1.248 (0778, 1.728)
0.772 (0376, 1.169)
0.256 (~0.251, 0.763)

Ref.
0.810 (0.486, 1.134)"*

0.642 (0.281, 1.004)***

1603 (~3.026, ~0.180)"

P <0.001,” P <0.01," P <0.05, : unstandardized beta Co-efficient, SE: standard error.

2 Adjusted for age and sex.

Model 2° § (SE)

Ref.
0.901 (0.495, 1.344)**
0.327 (~0.053, 0.707)
~0.032 (~0.619, 0.456)

Ref.
0.435 (0.125, 0.745)""

0.218 (—0.130, 0.566)

—1.208 (-2.616, 0.201)

® Adjusted for age, sex, educational levels, physical activities, BMI, depression, use of tranquiizers, smoking, alcohol consumption, night sleep duration at baseline, medical history
including hypertension, dyslipidemia, heart disease, and other 11 chronic diseases.
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Napping duration groups (categorized by sleep daytime napping in Wave 1)

Omin (670)
Continuous variables, mean (SD)

Age, years 66.70 (5.79)
BMI, kg/m? 2272 (4.09)
Sleep duration per night, hours. 5.94 (2.07)
Baseline cognition score 11.80 (6:31)
Categorical variables, n (%)

Gender (male) 316 (47.2)
High level of education 36 (5.4)
Physical activity

Vigorous physical activities 140 (20.9)
Moderate physical actiities 185 (27.6)
Walking 316 (47.2)
Depression symptoms 350 (52.2)
Taking sleeping pills 15(2.2)
Current smoking 341 (50.9)
Current alcohol use 529 (79.0)
Medical history

Hypertension 208 (31.0)
Dyslipidernia 80(119)
Diabetes 67(100)
Cancer 8(12)
Chronic lung diseases 79(11.8)
Liver disease 25(3.7)
Heart problems 117 (17.5)
Stroke 23(3.4)
Kidney disease 48(7.2)
Stomach or other digestive disease 157 (23.4)
Emotional, nervous, or psychiatric problems 15 22)
Memory-related disease 11(1.6)
Arthritis or theumatism 271 (40.4)
Asthma 29(4.9)

0-30min (1,032)

66.73 (5.77)
23.28(4.20)
6.1 (1.91)
13.20(6.12)

592 (57.4)
70(6.8)

226(21.9)
277 (26.8)
460 (44.6)
523 (50.7)
14 (1.4)
559 (54.2)
307 29.7)

334 (32.4)
140 (13.6)
81(7.8)
10(1.0)
155 (15.0)
403.9)
166 (16.1)
35 (3.4)
69(6.7)
242 (23.4)
13(13)
20(1.9)
382 (37.0)
54(52)

BMI, body mass index. The bold values provided in table means that P < 0.05.

30-90min (481)

67.21 (6.05)
23.27 3.79)
5.34(1.81)
12.70 (6.56)

290 (60.3)
26(5.4)

97 (20.2)
116 (24.1)
183 (38.0)
234 (48.6)
10 (2.1)
282 (58.6)
184 (27.9

154 (32.0)
54(11.2)
27(56)
102
67 (18.9)
19.(4.0)
70(14.6)
15 (3.1)
25(5.2)
117 (24.3)
9(1.9)
14(29)
182 (37.8)
31(6.4)

>90min (1,841)

67.23 (6.11)
2331 (3.84)
6.72(1.94)
12.70 (6.10)

751 (40.8)
73(4.0)

444 (24.1)
531 (28.8)
855 (46.4)
894 (48.6)
23(1.2)
1,045 (56.8)
383 (20.8)

462 (25.1)
135 (7.3)
7239
13(0.7)
210 (11.4)
72(39)
229 (12.4)
6 (2.0)
123 (6.7)
456 (24.8)
22(1.2)
29(1.6)
759 (41.2)
86 (4.7)

Al (4,024)

66.90 (5.89)
23,02 (4.01)
6.16 (1.98)
12.37 (6:34)

1,949 (48.4)
205 5.1)

907 (22.5)
1,109 (27.6)
1,814 (45.1)
2,001 (49.7)
62(1.5)
2,027 (55.3)
965 (24.0)

1,158 (28.8)
409 (10.2)
247 6.1)
32(08)
511 (12.7)
156 (3.9)
582 (14.5)
100 2.7)
265 (6.6)
972 (24.2)
59(1.5)
74(1.8)
1,594 (39.6)
200 (5.0)

P-value

0.089
<0.001
<0.001
<0.001

<0.001
0.011

0.141
0.200
0.006
0.349
0.228
0.023
<0.001

<0.001
<0.001
<0.001
0.258
0.030
0.997
0.004
0.059
0.590
0.836
0.207
0.265
0.125
0.348
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ccT CSF HAI

Somehow satisfied Satisfied Quintile 2 Quintile 3 Quintile 4 Quintile 5
Daily GCT 0.94(0.76, 1.17) 1.07 (086, 1.32) 0.99(0.86, 1.14) 0.94 (0,82, 1.09) 1.06 (091, 1.23) 1.08 (091, 1.27)

Weekly CCT 166 (1.31,241)  2.44 (192,310 121 (1.01,1.45)" 1,02 (0.85, 1.24) 1.15 (094, 1.41) 141 (1.18,1.77)"
Monthly CCT 333(218,508)  4.21(277,639) "  128(0.87,1.89)  222(1.39,355)"  205(127,331)"  2.47 (1.44, 423"
Twice a year CCT 2.87(1.40, 5.87)"" 437 212,901y 1.06(0.63,2.12) 2.19(0.94,5.11) 1.76 (0.78, 3.96) 2,57 (1.02, 6.48)"

N = 9,675. RRR, relative risk ratio; 95% Cl, 95% confidence intervals; CSF; Satisfaction with the relationship with children; CCT, contact with children; HAI, healthy aging Index. Pseudo
RR-values in adjusted models for age, gender; hukou status, residence, education levels, public health insurance cover, current work status, smoking, alcohol intake, self-report of health,
chronic contion, household per capita consumption, ive neer chidren, number of alive chicren, gave money to chidren, and received money from chicren. Values are bolced i they
achieved statistical significance at p < 0.05.

“Not satisfied"” and *Quintie 1” (*very low" of HAI) were chosen as the reference group to predict the probabilty of higher CSF and higher HA, with CCT as a protective fector at RRR > 1.
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Unstandardized beta Co-efficient (95% confidence interval)

Type of changes in napping®

Excessive® No change® Benefit 1° Benefit 2/ Benefit 39

No napping in wave 1

Model 1 —0.412 (~1.083, 0.250) Ref. —0787 (-1.722,0.148)  0.930(-0.483,2.342)  —0.884 (~2.804, 1.085)
Model 2 ~0.694 (~1.335, ~0.053)" Ref. —0.764 (~1.654,0.125)  0.462(-0.885,1.809)  —0.786 (~2.609, 1.038)
Model 3 —0.447 (~1.001,0.107) Ref. —0537 (-1.305,0.231)  0.181(-0.982,1.334) 0670 (~2.245,0.904)
Short napping in wave 1

Model 1 —8.742 (~5.977, —1.447)" Ref. 1.903 (1097, 4902)  -2.568(-5.282,0.146)  0.803 (~2.010,3.616)
Model 2 —2.593 (~4.763, —0.423)" Ref. 1.067 (—1.785, 3.919) —1.990 (4,588, 0.607) 0.806 (—1.8683, 3.475)
Model 3 —1.391 (~3.245, 0.464) Ref. 1.602 (-0.828, 4083  -0.795(~8.013,1.423)  1.609 (~0.666, 3.885)
Long napping in wave 1

Model 1 —1.246 (-3.024, 0.533) Ref. —0.737 (-2.956, 2.483) 0.560 (-2.032, 3.151) 0.135 (-2.879, 3.149)
Model 2 —1.556 (~3.270, 0.158) Ref. —0744(~2.895,1.408)  0218(-2.275,2.710)  —0.195(~3.091,2.702)
Model 3 —0.863 (~2.374, 0.647) Ref. —0.427 (-2.319,1.464)  0.868 (~1.325, 3.061) 0.480 (~2.068, 3.027)

2°P <005 P <001, P <0001

Model 1: Adjusted for age and gender.

Model 2: Adjusted for Model 1-+ educational levels, physical activiies, BM, depression, use of tranquilizers, smoking, alcohol consumption, night sleep duration at baseline, medical
history including hypertension, dyslipidemia, heart disease, and other 11 chronic diseases.

Model 3: Adjusted for Model 2 + baseline global cognition score.

» Type of napping’s variation was decided by pattems of daytime napping in Wave 2-Wave 4.

© Excessive, for participants with No napping in Wave 1, they were divided into Excessive group as long s they were in No or Long napping group once from Wave 2 to Wave 4; for
participants with Short napping at baseline, they were divided into Excessive group s long as they were in No or Long napping group once from Wave 2 to Wave 4; for participants
with Long napping at baseline, they were divided into Excessive group as long as they were in No or Long napping group once from Wave 2 to Wave 4.

9 No change, for participants with No napping in Wave 1, they were divided into No change group if they meintained in No nepping group from Wave 2 to Wave 4; for participants
with Short napping at baseline, they were divided into No change group if they mainteined in Short napping group once from Wave 2 to Wave 4; for participents with Long napping at
baseline, they were divided into No change group if they maintained in Long napping group once from Wave 2 to Weve 4.

© Beneft 1, for participants with No napping in Wave 1, they were dividedinto Benefit 1 group if they maintained No napping in two waves and had an Moderate napping in another wave;
for participants with Short napping at baseline, they were divided into Benefit 1 group if they maintained Short napping in two waves and had an Moderate napping in another wave; for
participants with Long napping at baseline, they were divided into Benefit 1 group f they maintained an Long napping i two waves and had an Moderate napping in another wave.
 Benefit 2, for participants with No nepping in Weve 1, they were divided into Benefit 2 group if they maintained in No napping group for one wave and in Moderate nepping group for
other two waves; for participants with Short napping at baseline, they were divided into Benefit 2 group if they maintained an Short nepping in one wave and had two Moderate nepping
in other two waves; for participants with Long napping at baseline, they were divided into Benefit 2 group if they maintained an Long napping in one wave and had two Moderate
napping in other two waves.

9 Benefit 3, for participants with No napping in Wave 1, they were divided into Benefit 3 group if they maintained! in Moderate napping in three waves; for participants with Short napping
at baseline, they were divided into Benefit 3 group if they Moderate napping in three waves; for participants with Long nepping at baseline, they were divided into Benefit 3 group if they
Moderate napping in three waves.
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CSF HAI

Quintile 2 Quintile 3 Quintile 4 Quintile 5

Somewhat 142 153 204 272
satisfied (1.07,1.90) (111,240 (140, 2.97)**  (1.69, 4.39)**
Satisfied 1.37 1.60 218 344

(1.03,1.82 (1.17,2.20** (1.50,3.16)** (2.14, 5.51)**

RRR, relative risk ratio; 95% CI, 95% confidence intervals; CSF, Satisfaction with the
relationship with chidren; HAI, healthy aging index. Pseudo R2-values in adfusted models
for age, gender, hukou status, residence, education levels, public health insurance cover,
current work status, smoking, alcohol intake, self-report of health, chronic condition,
household per capita consumption, live near chidren, number of alive chidren, transfer
gave money to chidren, received money from chidren, and weekly contact. Values are
bolded if they achieved statistical significance at p = 0.05.

“Quintile 1" (‘very low” of HAY) was chosen as the reference group to predict the probability
of higher HAI, with CSF as a protective factor at RRR > 1.

0 <0.05, *'p < 0.01, ***p < 0.001
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Male
Daily CCT
Weekly CCT
Monthly CCT
Twice a year CCT
Female

Daily GCT
Weekly CCT
Monthly CCT
Twice a year COT
Rural

Daily CCT
Weekly CCT
Monthly CCT
Twice a year CCT
Utban

Daily GCT
Weekly CCT
Monthly CCT
Twice a year CCT

Indirect effect

0.002

0.011*
0.019*
0.030%

0.003
0.017**
0.025**
0.016

0.002

0.013***
0.021**
0.027**

0.004

0.018**
0.027*
0.020

Direct effect

0.027
0.064
0.165
0.244

0.022
0.060
0371
0.309

—-0.005
0.054
0.337**+

0.363*

0.070
0.085
0.024
—0.043

Total effect

0.029
0.075
0.184
0.275

0.025
0.078
0.396"*
0.325

-0.003
0.067
0.358***
0.390**

0.074
0.104
0.003
—0.022

z

1.404
2.480
2271
2.238

1.447
3.610
2.885
1.300

1.308
3519
3.093
2.631

1.580
2618
2.116
1.232

Sobel p-value

0.160
0.013*
0.023*
0.025%

0.148
<0.001**
0.004**
0.194

0.191
<0.001***
<0.001***

0.009**

0.114
0.009**
0.034*
0218

Proportion of total effect that is mediated %

8.55
15.08
10.12
11.08

12.41
22.48
6.27
4.83

—80.70
19.99
5.98
7.00

5.54

17.71
949.19
-91.11

CSF, Satisfaction with the relationship with chidren; CCT, contact with children; HAI, healthy aging Index. Sobel-Goodman medation test in adjusted models for age, gender, hukou
status, residence, education levels, public health insurance cover, current work status, smoking, alcohol intake, self-report of health, chronic condition, household per capita consumption,
live near chidren, number of alive chidren, gave money to chidren, and received money from chidren. Values are bolded if they achieved statistical significance at p < 0.05.

*p <0.05 *p <0.01,

<0.001.
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Diseases Sex All local drifts = net drift Net drifts = 0 All period RR = 1 All cohortRR =1
Wald-tests P-value Wald-tests P-value Wald-tests P-value Wald-tests P-value
China
Stroke Both 137.3485604 <0.01 8649.532817 <0.01 9013.963929 <0.01 22881.21897 <0.01
ICH M 72.65870701 <0.01 5939.333484 <0.01 6651.207252 <0.01 14359.03473 <0.01
F 38.12767925 <0.01 1838.893599 <0.01 2008.893295 <0.01 5106.562975 <0.01
IS M 124.5439019 <0.01 5159.615002 <0.01 5732.312388 <0.01 34384.30819 <0.01
F 108.8991544 <0.01 1524.820089 <0.01 1731.674717 <0.01 8879.088998 <0.01
SAH M 155.2198119 <0.01 8711.955452 <0.01 9970.935547 <0.01 15530.55206 <0.01
F 49.86183869 <0.01 4438.086611 <0.01 5101.162039 <0.01 9308.21867 <0.01
India
Stroke Both 71.29796406 <0.01 1677.724833 <0.01 1858.038624 <0.01 3983.693117 <0.01
ICH M 118.1123193 <0.01 1517.318872 <0.01 1756.05248 <0.01 4052.151654 <0.01
E 47.75939131 <0.01 630.3353324 <0.01 694.9914619 <0.01 1679.767505 <0.01
IS M 77.9751195 <0.01 396.8159417 <0.01 691.0998631 <0.01 4390.200821 <0.01
= 67.11861967 <0.01 197.387432 <0.01 318.7866217 <0.01 2059.51138 <0.01
SAH M 222.0716851 <0.01 8221.62568 <0.01 8376.434625 <0.01 10100.76599 <0.01
F 89.74361995 <0.01 2919.571988 <0.01 3018.314219 <0.01 4134.929831 <0.01
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CSF HAI

Quintile 2 Quintile 3 Quintile 4 Quintile 5

Somewhat 142 153 204 272
satisfied (1.07,1.90) (111,240 (140, 2.97)**  (1.69, 4.39)**
Satisfied 1.37 1.60 218 344

(1.03,1.82 (1.17,2.20** (1.50,3.16)** (2.14, 5.51)**

RRR, relative risk ratio; 95% CI, 95% confidence intervals; CSF, Satisfaction with the
relationship with chidren; HAI, healthy aging index. Pseudo R2-values in adfusted models
for age, gender, hukou status, residence, education levels, public health insurance cover,
current work status, smoking, alcohol intake, self-report of health, chronic condition,
household per capita consumption, live near chidren, number of alive chidren, transfer
gave money to chidren, received money from chidren, and weekly contact. Values are
bolded if they achieved statistical significance at p = 0.05.

“Quintile 1" (‘very low” of HAY) was chosen as the reference group to predict the probability
of higher HAI, with CSF as a protective factor at RRR > 1.

0 <0.05, *'p < 0.01, ***p < 0.001
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Age Local drift (95% CI)

ICH in male ICH in female IS in Male IS in female SAH in male SAH in female

China

25-29 —4.68 +1.06 —8.38 £ 2.49 -5.36 +1.18 —8.48 £ 2.47 —-8.04 £1.28 —10.55 +£2.20
30-34 —4.94 +0.63 —8.08 £ 1.47 —-5.17 £ 0.69 —7.87 £1.49 —-8.45+0.85 —10.30 + 1.37
35-39 —5.36 £ 0.45 —-8.00 £ 1.02 —5.20 +£ 0.46 —-7.39+£1.02 —8.98 £ 0.62 —10.32 £ 0.96
40-44 —-5.78 £ 0.31 —7.94 £ 0.66 —-5.37 £ 0.29 —7.04 £0.66 —9.64 £ 0.44 —10.65 + 0.64
45-49 —-6.11 £0.24 —7.81+£0.48 —-5.49 +£0.20 —6.80 £ 0.45 —-10.35+ 0.35 —11.14+£0.49
50-54 —6.47 £0.19 —7.78 £ 0.39 -5.62 £0.15 —-6.70 £ 0.34 —11.09 £ 0.30 —11.78 £ 0.41
55-59 —-6.84 +£0.18 —7.69 £ 0.34 -5.82 +£0.12 —6.57 £0.28 —-11.656+0.27 —12.24 +0.38
60-64 —-6.77 £0.15 —7.19+£0.29 —5.69 + 0.09 —6.10 £ 0.21 —-11.89+ 0.24 —12.31 £0.32
65-69 —6.63 +£0.14 —6.89 £+ 0.36 —-5.52 +£0.08 —-5.74+£0.16 —-11.98 +£ 0.23 —12.48 +0.31
70-74 —6.45 +0.15 —6.67 £ 0.27 -5.31 £0.08 —-5.42 £0.15 —-12.02 £ 0.24 —12.72 £ 0.32
75-79 —6.36 £ 0.19 —6.47 £ 0.32 —-4.99 +£0.10 —-5.04 £0.18 —12.04 £ 0.29 —12.77 £0.37
Net Drift (95%Cl) —6.13 £ 0.15 —7.57 £0.33 —5.46 £ 0.14 —6.65 £ 0.32 —-10.67 + 0.21 —11.59 £ 0.32
India

25-29 —412 +£1.34 —-5.11+1.68 —-3.43+2.28 —4.29+2.23 —4.17 £ 0.47 —4.44 +0.80
30-34 —-3.30 £0.74 —417 £1.11 —2.77 £1.30 —3.36 £ 1.50 —-3.75+0.29 —3.90 £ 0.50
35-39 —2.95+0.53 -3.32 £0.82 —2.48 £ 0.94 —-252+1.16 —3.54 £0.22 —3.47 £0.37
40-44 —2.82 +£0.41 -2.81 £ 0.62 —2.34 +£0.69 —-1.91+£0.89 —-3.55+0.18 —-3.30 £ 0.29
45-49 -3.21+£0.32 —2.97 £ 0.49 —2.62 +£ 0.51 —1.94 £ 0.69 —-3.91+£0.16 —3.565+0.24
50-54 —-3.57 £0.25 -3.01 £0.39 —2.90 +£0.37 —1.94 £ 0.53 —4.24 £ 014 —-3.74 £ 0.21
55-59 —4.06 £ 0.22 —3.66 £ 0.33 —-3.31 £0.28 —2.63 £ 0.40 —-4.59 £ 0.13 —-4.16 +£0.20
60-64 —4.60 +£0.19 —4.04 £0.28 —-3.91 +£0.20 -3.12+0.29 —-4.93+0.14 —4.44 +£0.20
65-69 —-4.92 +£0.20 —4.27 £0.28 —-4.28 +£0.16 —3.66 £ 0.23 -5.16 £ 0.14 —4.67 £0.20
70-74 —4.94 +£0.23 —4.47 £0.32 —4.34 +£0.16 —-3.87 £0.20 —-5.30 £ 0.18 —-4.92 +£0.25
75-79 —-5.07 £0.33 —4.80 £ 0.44 —4.49 £ 0.22 —-4.23+0.27 —-5.51+£0.27 —5.24 +£0.36
Net Drift (95% Cl) —3.88 £0.19 —-3.71+£0.28 —3.27 £0.32 —2.83+£0.39 —4.37 £ 0.09 —4.07 £0.14






