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Abstract 

Background: Psychological disposition has been linked with health outcomes and 

longevity; however, existing research has yielded inconsistent evidence. This study aims to 

investigate the associations between psychological disposition and all-cause mortality among older 

Chinese individuals, and to assess potential mediating effects of health-related factors. 

Methods: Utilizing data from seven waves of the Chinese Longitudinal Healthy Longevity 

Survey (CLHLS), this community-based, prospective cohort study included Chinese adults aged 

65 and above who were recruited from 1998 to 2014 and followed until 2018. The main outcome 

was all-cause mortality. Psychological disposition scores were measured with a 7-item scale. 

Categorical psychological disposition indexes were generated based on quartiles of continuous 

scores. Kaplan-Meier method was employed to fit survival curves. Cox proportional hazard models 

were established to evaluate the relationships between categorical or continuous psychological 

disposition and mortality, adjusting for sociodemographic characteristics and selected health-

related factors including lifestyle behavior factors, self-rated health, cognitive function, functional 

disability, and chronic diseases. Restricted cubic spline analyses were utilized to estimate linear 

relationships between continuous psychological disposition and mortality. The indirect effects of 

psychological disposition on all-cause mortality attributable to selected health-related factors were 

quantified through calculating the percentage excess risk mediated (PERM). Subgroup analyses 

were carried out to determine whether the associations differed by gender and age. Sensitivity 

analyses were performed to assess the robustness of the study. 

Results: A total of 21,891 participants (56.5% female, 80.6% oldest-old) were followed 

over a cumulative 105,033.6 person-years. Participants who were male and aged 65-79 years old 

had a higher likelihood of being classified into higher quartiles of psychological disposition indexes. 

Dose-response associations were delineated between psychological disposition and all-cause 
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mortality. The Cox regression adjusted for sociodemographic characteristics showed hazard ratios 

of highest quartile compared to lowest quartile as 0.75 (95%CI: 0.72, 0.79), 0.80 (95%CI: 0.76, 

0.83), and 0.81 (95%CI: 0.78, 0.85) for total, positive, and negative psychological disposition 

indexes, respectively. After adjusting for the selected health-related factors, the associations were 

mediated by 49.5%, 45.0%, and 61.8% for total, positive, and negative psychological disposition 

indexes, respectively. The associations remained significant only at the 3rd and 4th quartiles after 

being fully adjusted. The most potent mediators were self-rated health and cognitive function. 

Gender subgroup analysis showed that among males, overall mediation in the association was 57.2% 

and 53.3% for total and positive psychological disposition, respectively; while among females, 

overall mediation was 42.0% and 38.3% for total and positive psychological disposition, 

respectively. Gender difference in mediation effect was inconsequential for negative psychological 

disposition. The age subgroup analysis showed no significant overall mediation but revealed 

variations in the extent of mediation for cognitive function (PERM from 1.2% to 3.1% among 

younger-old; PERM from 38.8% to 43.4% among oldest-old). The mediating effects of functional 

disability and chronic diseases were more potent among the younger-old. The associations between 

continuous total and negative psychological disposition, but not positive disposition, and mortality 

were linear. Sensitivity analyses showed consistent findings.  

Conclusions: The findings suggested dose-response associations between psychological 

disposition and all-cause mortality, which were largely attributable to health-related factors, 

notably self-reported health and cognitive function. Tailored interventions targeting cognitive 

function enhancement for the oldest-old, and preventive measures addressing disability and chronic 

diseases for the younger old are essential for fostering successful ageing across diverse age groups.  
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1. Introduction 

1.1 China’s Challenge in Healthy Ageing 

The phenomenon of population ageing has become increasingly prominent in recent years, 

drawing considerable attention due to demographic shifts that signal a notable surge in the elderly 

population. Since the 1980s, China's economic reforms have greatly decreased poverty and elevated 

living and healthcare standards, accompanied by rapid urbanization and an epidemiological 

transition from infectious diseases to non-communicable diseases, resulting in a substantial 

increase in life expectancy [1, 2]. By the year 2000, China already boasted an elderly population 

(those who aged 65 years and above) of 87 million individuals, comprising around seven percent 

of the total population [3]. As of 2019, China’s elderly population had expanded to 167 million, 

representing twelve percent of the nation’s populace [4, 5]. Projection suggested that by 2050, this 

figure would soar to 395 million [2], constituting a quarter of the national population and surpassing 

that of any other countries [6]. China is currently and will remain the residence of the largest 

population of oldest-old individuals (aged 80 years and above) around the world [7]. In 2015, there 

were over 23 million oldest-old people living in China, accounting for eighteen percent of the 

worldwide oldest-old population, with predictions indicating that over one-quarter of the global 

oldest-old population will be living in China by 2050 [7].  

Chinese elderly adults are confronting challenges in healthy ageing that entails a decrease 

in the likelihood of mortality and a reduction in the frequency and duration of morbid conditions 

experienced in later life [8]. Escalating rates of mental disorders and cognitive impairment have 

been observed [2, 9, 10], with dementia prevalence, as an example, reaching approximately six 

percent among the elderly population and surging to thirty-two percent among those aged over 90 

years old [11]. Moreover, chronic diseases and multimorbidity have consistently been another 

major concern, affecting around eighty-one percent of individuals aged over 60 years [12], while 
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more than forty percent of Chinese older adults experience non-communicable diseases 

multimorbidity [2, 13, 14]. Although recent trends indicate that more recently born Chinese elderly 

people have a lower possibility in suffering from disability [2, 7, 9], disability prevalence among 

China's elderly population still stands at approximately twenty-six percent [15]. The health 

challenges have imposed a significant burden of diseases, impeding China's progress towards 

achieving its goals in healthy ageing. 

1.2 Significance of Psychological Well-being in Healthy Ageing 

Ageing was frequently stereotyped as being synonymous with disability and frailty, 

perpetuating a pessimistic perception of the ageing process that fails to acknowledge the potential 

for healthy and successful ageing [16]. Extensive research has highlighted the detrimental effects 

of poor psychological well-being on health outcomes. However, there are more and more voices 

advocating for a shift away from this pessimistic stereotype of ageing and appreciating the positive 

impact of maintaining mentally sound, which contributes to the promotion of healthy ageing. For 

example, despite the absence of a direct association between positive affect and the incidence of 

cardiovascular diseases [17], research has showed that a positive psychological state, especially 

optimism, correlated with proactive cardiac health behaviors such as maintaining a healthy diet and 

engaging in physical activity, and therefore independently improved cardiac outcomes [18-23].  

The positive impact of a sound psychological well-being on healthy ageing can be 

elucidated through Antonovsky’s “salutogenesis” theory, which underscores the importance of 

understanding the roots of health rather than sorely focusing on diseases causation, contrasting with 

pathogenesis [24]. The theory suggests that a person's ability to cope with challenges is influenced 

by access to generalized resistance resources and their sense of coherence [24, 25]. As individuals 

grow older, their needs to fight against biological hardship such as cognitive impairment, chronic 

conditions, and disability as mentioned become increasingly prominent. However, maintaining a 
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robust psychological state can serve as a reservoir of resistance resources, enabling individuals to 

better manage the adversities associated with ageing, such as adopting effective coping and 

proactive healthy behaviors [26, 27], thereby fostering healthy ageing. 

Psychological well-being can be reflected by psychometric properties; however, the 

measurement of subjective indices of well-being lacks a universally accepted standard, leading to 

varying approaches and interpretations [28]. Descriptions of subjective health can differ, with terms 

such as psychological disposition, psychological construct, psychological well-being, 

psychological resources, psychological resilience, affective experience, mindset, personality, trait, 

and similar expressions being used interchangeably across various studies. In this study, subjective 

health was conceptualized as psychological disposition, originally delineated by a psychometric 

framework from the Chinese Longitudinal Health Longevity Survey with its seven dimensions [29]. 

Smith and colleagues later coined the term "psychological disposition" to refer to this framework, 

which includes positive or salutogenic aspects such as optimism, conscientiousness, personal 

control, and happiness, as well as negative or pathogenic counterparts such as neuroticism, 

loneliness, and perceived loss of self-worth [30]. 

1.3 Research Gap in Psychological Disposition and Mortality  

Research examining the association between psychological disposition and concepts alike 

and mortality has been underway. Negative disposition has consistently been associated with 

elevated mortality risks [31-35], while positive disposition linked to lower risks of death [21-23, 

28, 36-38]. Emerging evidence underscored the independent impact of positive disposition on 

mortality, distinguishing it from merely the absence of negative disposition [23, 28, 36-38]. 

However, prior studies have predominantly focused on individual components of psychological 

disposition (mostly optimism) or composite measures representing either salutogenic or pathogenic 

aspects of disposition. Consequently, there has been an oversight regarding the comparative 



 

4 

significance or total effect of these components on mortality. Moreover, research has primarily 

examined psychological disposition categorically, leaving the continuous or linear relationship 

between psychological disposition and mortality insufficiently explored. 

Inconsistencies exist in the association between psychological disposition and mortality. 

For example, a study based on the UK Biobank cohort found that loneliness was no longer 

significantly associated with mortality after adjustment [39]. Similarly, another study among 

British women revealed insignificant relationships of happiness, self-control, or neuroticism with 

mortality after accounting for mediating effects of biological, behavioral, and social factors [40]. 

Additionally, a study from Australia identified that optimism was not a protective factor over 

mortality [34]. 

While many studies have considered potentially confounding factors, there remains a gap 

in understanding the extent to which these factors mediate the relationship between psychological 

disposition and mortality. Specifically, there is a dearth of research on whether psychological 

disposition directly impacts longevity beyond its mediating effects through health-related factors. 

Psychological disposition is subject to variation in age and gender [36, 41-44]. Previous 

findings indicate that older women tend to report lower positive disposition but higher negative 

disposition compared to older men, with such differences widening as individuals age [44]. Notably, 

while most studies have reported age differences, a substantial gap remains in the literature 

regarding age stratification, especially among elderly adults and the oldest-old. Hence, it is 

imperative to explore whether the associations between psychological disposition and mortality 

observed in previous studies among middle-aged adults hold true for the older population, and how 

health-related factors may modify this association. 
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1.4 Aim of the Study  

In this study, a large longitudinal database encompassing individuals aged 65 years or older 

in China was utilized to investigate several key objectives. Firstly, the study aimed to explore and 

compare the associations between positive (salutogenic), negative (pathogenic), and the total (sum 

of salutogenic and pathogenic) effects of psychological disposition on all-cause mortality. Secondly, 

it sought to investigate the linear relationships between continuous psychological disposition scores 

and mortality. Thirdly, the study strived to quantify the excess risk mediated by various health-

related factors, including lifestyle behavior, self-rated health, cognitive function, functional 

disability, and chronic conditions, to assess the degree to which these factors were attributable to 

the observed associations. Fourthly, the study aimed to examine potential variations in these 

associations across gender and age groups. By tackling these objectives, the study aimed to provide 

insights into the complex interplay between psychological disposition, health-related factors, and 

mortality risk among older adults in China, thereby contributing to the understanding of factors 

influencing longevity in older population and facilitating evidence-based policymaking. 
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2. Method  

2.1 Study Design and Study Population  

2.1.1 Data Source  

The data for this study were drawn from the Chinese Longitudinal Healthy Longevity 

Survey (CLHLS), which is an ongoing, prospective cohort study focusing on individuals aged 60 

years and above residing across mainland China [9, 29, 45, 46]. The CLHLS was designed to 

capture a representative sample of community-dwelling Chinese older adults, encompassing 

approximately 85% of the nation's population. Utilizing a multi-stage cluster random sampling 

strategy, the CLHLS surveys covered half of the counties or cities from 22 out of 31 provinces 

across Mainland China, with an extension to 23 provinces since 2008. The first wave of survey 

commenced in 1998, followed by subsequent follow-up waves in 2000, 2002, 2005, 2008–2009, 

2011–2012, 2014, and 2017–2018. Successive participant enrollment during follow-up waves was 

implemented to address attrition stemming from mortality and loss to follow-up. Surveys were 

administered in participants' homes by trained interviewers using structured questionnaires, 

encompassing a wide array of inquiries in social, behavioral, psychological, and health-related 

dimensions. Proxies provided answers in cases where participants were unable to respond. 

Starting from the 2002 wave, the CLHLS extended its focus by integrating individuals aged 

over 65 years, alongside its initial targeting of the oldest-old aged over 80 years in 1998. This 

adjustment was made to achieve a more comprehensive representation of the older Chinese 

population, with an approximate ratio of five individuals aged 65–79 to four centenarians in each 

sampled county or city. 

Ethics approval for the CLHLS was obtained from the Research Ethics Committees of both 

Peking University and Duke University (IRB00001052-13074). Written consent forms were signed 

by all participants or their legal representatives in each wave of survey. 
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2.1.2 Inclusion of Study Population 

In this study, baseline samples were compiled from seven waves of CLHLS data spanning 

the period from 1998 to 2014, with participants' survival status tracked until 2018 (refer to Figure 

1). A total of 43,854 individuals were pooled in the analysis, comprising participants aged 80 years 

and older from Waves 1998 and 2000, as well as those aged 65 years and older from Waves 2002 

to 2014. Complete case approach was utilized to address missing data, wherein participants with 

incomplete observations in exposure variables and covariates were excluded. As a result, 31,106 

participants were included in the sensitivity analysis, of whom 21,981 remained in the main 

analysis after the exclusion of individuals lost to follow-up in Wave 2018. 

2.2 Measurement of Variables 

2.2.1 Ascertainment of Outcome 

The outcome in this study was all-cause mortality. The survival status and date of death of 

participants were determined through interviews conducted with the next-of-kin as part of the 

follow-up survey or from official death certificate. The duration of follow-up was established by 

calculating the time span between the date of death and the baseline survey for deceased 

participants. For surviving individuals, their follow-up duration was determined as the interval 

between the date of their last follow-up and the date of the baseline survey. In cases where the date 

of death was unavailable or participants were lost to follow-up, a mid-point imputation method was 

employed to estimate survival time. The follow-up duration was then computed as the interval 

between the mid-point date of the two most recent waves and the date of the baseline survey. In the 

main analysis, participants who remained alive until the Wave 2018 survey were treated as censored. 

Additional information regarding the reliability of mortality data can be found elsewhere [47]. 
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Figure 1: Flow Chart of the Study Sample Enrollment. 

 

2.2.2 Ascertainment of Exposure 

Psychological disposition (PD) constituted the exposure variable, which was further 

delineated into positive and negative psychological disposition based on participants' responses to 

a 7-item Likert-5 scale within the Personality section of the survey (refer to Table 1). Positive 

psychological disposition, comprising items 1 to 4, stands for four dimensions centered on 

optimism, conscientiousness, personal control, and happiness. Negative psychological disposition, 

represented by items 5 to 7, pertained to three dimensions, including neuroticism, loneliness, and 

loss of self-worth. For positive psychological disposition, responses indicating "Always" were 

assigned a score of 5, while those indicating "Never" were scored as 1. For negative disposition, a 
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reverse scoring system was applied, with "Always" responses scoring 1 and "Never" responses 

scoring 5. Aggregating the scores from the positive and negative dimensions yielded positive PD 

scores (ranging from 4 to 20) and negative PD scores (ranging from 3 to 15), respectively. The 

combined total of positive and negative PD scores constituted the total PD score (ranging from 7 

to 35). These scores were subsequently categorized into quartiles for the main analysis. 

Additionally, binary variables were derived from the 4-level categorical PD indexes to calculate 

PERM. The reliability and validity of employing such variables to gauge psychological disposition 

among the Chinese older population have been established through research previously conducted 

with these questionnaire items [16, 43, 48-50]. 

Table 1: Items and Scoring of a Scale for Psychological Disposition 

Item Dimension  Item statement Answer and scoring  

1 Optimism 
Do you always look on the 

bright side of things? 

"Always" = 5, "Often" = 4, 

"Sometimes" = 3, 

"Seldom" = 2, "Never" = 1 

2 Conscientiousness 
Do you like to keep your 

belongings neat and clean? 

"Always" = 5, "Often" = 4, 

"Sometimes" = 3, 

"Seldom" = 2, "Never" = 1 

3 Personal control 

Can you make your own 

decisions concerning your 

personal affairs? 

"Always" = 5, "Often" = 4, 

"Sometimes" = 3, 

"Seldom" = 2, "Never" = 1 

4 Happiness 
Are you as happy as when you 

were younger? 

"Always" = 5, "Often" = 4, 

"Sometimes" = 3, 

"Seldom" = 2, "Never" = 1 

5 Neuroticism 
Do you often feel fearful or 

anxious? 

"Always" = 1, "Often" = 2, 

"Sometimes" = 3, 

"Seldom" = 4, "Never" = 5 

6 Loneliness 
Do you often feel lonely and 

isolated? 

"Always" = 1, "Often" = 2, 

"Sometimes" = 3, 

"Seldom" = 4, "Never" = 5 

7 
Perceived loss of 

self-worth 

Do you feel the older you get, 

the more useless you are? 

"Always" = 1, "Often" = 2, 

"Sometimes" = 3, 

"Seldom" = 4, "Never" = 5 
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2.2.3 Ascertainment of Covariates 

Drawing from existing literature, a set of covariates were chosen a priori to serve as 

potential confounders in the statistical models [51-54]. Sociodemographic variables included age 

(in years), gender (“female” or “male”), ethnicity (“Han” or “minority ethnic group”), education 

level (“none”, “primary school level”, or “middle and higher”), residence (“urban” or “rural”), co-

residence (“with household members”, “alone”, or “in an institute”), marital status (“married and 

living with spouse”, “separated / divorced / never married”, or “widowed” ), and occupation before 

60 years old (“manual”, or “non-manual”).  

Of particular interest were five dimensions believed to potentially mediate the association 

between psychological disposition and all-cause mortality. Firstly, lifestyle behavior factors were 

assessed through self-reported responses, including smoking status ("non-smoker," "former 

smoker," or "current smoker"), alcohol consumption status ("no drinking," "moderate drinking," or 

"heavy drinking"), physical activity ("irregular" or "regular"), and fruit and vegetable consumption 

("everyday", "occasionally," or "rarely / never"). Secondly, self-rated health was determined by re-

coding participants' responses to the question "how do you rate your health at present?" into three 

levels ("very good / good," "so-so," "bad / very bad"). Thirdly, cognitive function was evaluated 

using the Chinese adaptation of the Mini-Mental State Examination (MMSE), which assesses six 

cognitive function dimensions: orientation, registration, naming, attention and calculation, recall, 

and language. The MMSE total score, ranging from 0 to 30, was categorized into four groups to 

represent varying degrees of cognitive impairment: no impairment (MMSE score 24-30), mild 

impairment (18-23), moderate impairment (10-17), and severe impairment (0-9), following 

established criteria. Fourthly, functional disability was assessed based on activity of daily living 

(ADL) subscales covering bathing, dressing, toileting, indoor moving, continence of defecation, 

and eating, and was dichotomized into "ADL independent" or "ADL dependent." Fifthly, 

participants' self-reported history of chronic diseases and their severity levels were individually 
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documented. This study amalgamated sixteen diseases and their severity into a single variable 

comprising three levels ("no chronic disease," "non-severe chronic disease," or "severe chronic 

disease"). The diseases taken into consideration encompassed hypertension, diabetes, heart disease, 

stroke, cardiovascular disease, chronic obstructive pulmonary disease, tuberculosis, cataract, 

glaucoma, cancer, prostate tumor, ulcer, Parkinson’s disease, bedsore, arthritis, and dementia. 

Previous investigations leveraging the CLHLS database have scrutinized the relationships 

between selected health-related factors and psychological disposition [16, 50, 54]. Additionally, a 

plethora of studies has investigated the interplay between these health-related factors and death risk 

[50, 55-58]. These findings substantiate the rationale behind selecting covariates for this study. 

2.3 Statistical Analysis 

Baseline characteristics were summarized using either means with standard deviation (SD) 

or median with interquartile range (IQR) for continuous variables, whereas frequency distributions 

for categorical variables. A comparative analysis was performed to examine the characteristics of 

participants who were included in the main analysis against those who were excluded due to 

missing key values or being lost to follow-up. The distribution disparity between the two was 

evaluated using two-sample t-tests, Kruskal-Wallis tests, or Chi-square tests, contingent upon the 

nature of data. Moreover, the responses to each single psychological disposition scale item were 

aggregated into a tabular form, displaying the frequency of participants selecting each response 

option, as well as the quartile distribution and means with standard deviations of total, positive, and 

negative PD scores. Chi-square tests and two-sample t-tests were utilized to evaluate differences 

across gender (female vs. male) and age groups (65-79 years old vs.  80 years old).  

To illustrate the probability of survival over time among study participants and to assess 

the impact of different PD indexes, Kaplan-Meier survival curves were constructed for total, 

positive, and negative PD indexes, categorized by their quartiles. Participants who were still alive 
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in the Wave 2018 were considered censored, and their survival time was measured from the 

baseline survey to either the occurrence of death or the end of the follow-up survey. Subgroup 

Kaplan-Meier survival curves were further developed to facilitate comparisons between different 

gender and age groups for each PD score, allowing for a better detailed exploration of the survival 

experience across various demographic strata. Log-rank tests were utilized to examine the 

unadjusted variations among survival curves.  

Additionally, the associations between categorical total, positive, and negative PD indexes 

and all-cause mortality were explored using multivariate Cox proportional hazard models. The 

minimally adjusted model controlled for basic sociodemographic factors and the participant's 

recruitment wave, while the fully adjusted model expanded to include the selected health-related 

factors. Furthermore, the relationships between total, positive, and negative PD scores and all-cause 

mortality were evaluated when treated as continuous variables. To evaluate potential linear 

relationships between the PD scores as continuous variables and all-cause mortality, restricted 

cubic spline (RCS) analyses were employed. Knots and a reference point were determined based 

on the lowest Akaike Information Criterion (AIC). The RCS models were adjusted for all potential 

confounders. The results of the RCS analyses were presented graphically as smoothed curves, 

depicting the predicted relationships between the exposure variables and the outcome, along with 

95% confidence intervals. 

Upon gauging the extent to which the relationships between total, positive, and negative 

disposition indexes and all-cause mortality could be explicable by the five health-related factors, a 

sequence of models was constructed. These models employed binary variables representing PD 

indexes, with the minimally adjusted model initially serving as the reference. Subsequently, the 

five selected health-related factors were further included independently into specific adjusted 

models. The indirect impact of PD indexes on all-cause mortality, attributed to the health-related 

factors, was quantified by calculating the percentage excess risk mediated (PERM) as outlined in 
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Formula (1). This methodology has been previously employed to determine the proportion of the 

overall effect explained by individual health-related factors [39, 59-62]. 

 

PERM =
𝐻𝑅(𝑀𝑖𝑛𝑖𝑚𝑎𝑙𝑙𝑦 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑚𝑜𝑑𝑒𝑙) − 𝐻𝑅(𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑎𝑙𝑙𝑦 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑚𝑜𝑑𝑒𝑙)

𝐻𝑅(𝑀𝑖𝑛𝑖𝑚𝑎𝑙𝑙 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑚𝑜𝑑𝑒𝑙) −  1 
 × 100%                   (1) 

 

Special attention was dedicated to the stratification of sex and age in this study, both of 

which were recognized as potential modifiers, as indicated in existing literature [36, 41-44, 63]. 

Consequently, subgroup analyses were incorporated into the models investigating the relationships 

between PD indexes and the risk of death, as well as for the calculation of PERM. Sensitivity 

analyses were undertaken to assess the robustness of the findings. On the one hand, those lost to 

follow-up were encompassed in the Cox models, assuming these individuals were either alive or 

deceased. On the other hand, a subgroup of high-risk individuals was excluded from the primary 

analysis, including those reporting severe chronic conditions, individuals deceased within one year 

of follow-up, or those aged over 105 years old. 

All statistical analyses were conducted using STATA version 17.0 (StataCorp, College 

Station, TX, USA), except for RCS analyses which were based on “rms” and “rcssci” packages in 

R version 4.3.3 (R Foundation for Statistical Computing, Vienna, Austria). Forest plots were 

visualized using GraphPad Prism version 8.0 (GraphPad Software, Inc., San Diego, CA, USA). 

Statistical significance was defined as a p-value of < 0.05. 
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3. Result 

3.1 Description of Baseline Characteristics   

Table 2 depicts the baseline characteristics of the 21,891 included participants and 21,963 

excluded ones. Among the participants who were included in the main analyses, the median age 

was 89 years (IQR: 81-97 years), with a prominent proportion aged over 80 years old (80.6%). A 

majority of the population were identified as female (56.5%), of Han ethnicity (93.0%), having 

received none or minimum level of education (65.2%), residing in rural areas (63.2%), living with 

household members (83.3%), being widowed (69.9%), or being engaged in manual work before 

the age of 60 years (94.2%). Regarding lifestyle and behavioral factors, a larger proportion of 

included participants reported being nonsmokers (66.6%), abstaining from alcohol consumption 

(68.0%), not engaging in regular physical activity (74.0%), and consuming fruit occasionally 

(46.3%), while the majority consumed vegetables daily (84.5%). Of 55.7% of the population 

considered themselves to be in good or very good health conditions. The median score of the Mini-

Mental State Examination (MMSE) was 26 (IQR: 21-29) out of 30, with the majority exhibiting 

normal cognitive function (60.2%). Approximately one quarter (76.9%) of the participants were 

able to independently perform basic activities of daily living (ADL). Two-thirds of the population 

had chronic conditions without severe impact. The average total, positive, and negative PD scores 

were 25.5 (SD: 3.9), 14.6 (SD: 2.4), and 11.0 (SD: 2.3), respectively.  

Similarly, among those who were excluded owing to missing data or lost to follow-up, the 

characteristics mirrored those of the included participants. The vast majority tended to be female, 

aged over 80 years, of Han ethnicity, with minimal education, residing in rural areas with household 

members, widowed, engaged in manual labor, nonsmokers, abstainers from alcohol consumption, 

lacking regular physical activity, consuming fruit occasionally and vegetables daily, self-reporting 

good or very good health, exhibiting normal cognitive function, independent in activities of daily 

living, and having non-severe chronic conditions. Despite significant differences observed between 
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the two groups across various demographic and health-related factors, the absolute discrepancies 

in baseline characteristics were relatively minor, indicating that such variations were less likely to 

introduce substantial bias into the main analysis. 

 

Table 2: Comparison of Baseline Characteristics between Included and Excluded 

Participants. 

Baseline Characteristics 
 Included  

(N = 21891) 

Excluded 

(N = 21963) 
P-value 

Demographic characteristics       

Gender, n (%)   < 0.001 

      Female 12361 (56.5%) 13554 (61.7%)  

      Male 9530 (43.5%) 8409 (38.3%)  

Age in years, median (IQR) 89 (81-97) 91 (81-100) < 0.001 

Age groups, n (%)   0.009 

      65-79 4242 (19.4%) 4474 (20.0%)  

      ≥ 80 17649 (80.6%) 17489 (80.0%)  

Ethnicity, n (%)   < 0.001 

      Han 20352 (93.0%) 20768 (95.2%)  

      The minority 1539 (7.0%) 1044 (4.8%)  

Socio-economic factors       

Education, n (%)   < 0.001 

      None 14264 (65.2%) 14283 (66.0%)  

      Primary school 4946 (22.6%) 4232 (19.5%)  

      Middle school or higher 2681 (12.2%) 3144 (14.5%)  

Residence, n (%)   < 0.001 

      Urban (city / town) 8051 (36.8%) 10250 (46.7%)  

      Rural 13840 (63.2%) 11713 (53.3%)  

Co-residence, n (%)   < 0.001 

      With household members 18234 (83.3%) 18248 (83.0%)  

      Alone 2955 (13.5%) 2786 (12.7%)  

      In an institution 702 (3.2%) 900 (4.1%)  

Marital, n (%)   < 0.001 

      Married and living with spouse 5864 (26.8%) 5411 (24.7%)  

      Separated / divorced / never married 717 (3.3%) 643 (2.9%)  

      Widowed 15310 (69.9%) 15880 (72.4%)  

Occupation, n (%)   < 0.001 

      Non-manual 1261 (5.8%) 1712 (7.9%)  
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      Manual 20630 (94.2%) 20042 (92.1%)  

Lifestyle behavior factors       

Smoking, n (%)   < 0.001 

      Non-smoker 14581 (66.6%) 15412 (71.3%)  

      Former smoker 3115 (14.2%) 2930 (13.6%)  

      Current smoker 4195 (19.2%) 3287 (15.2%)  

Alcohol use, n (%)   < 0.001 

      No drinking 14887 (68.0%) 15784 (73.0%)  

      Moderate drinking 2263 (10.3%) 2152 (10.0%)  

      Heavy drinking 4741 (21.7%) 3687 (17.0%)  

Physical activity, n (%)   < 0.001 

      Irregular physical activity 16193 (74.0%) 15607 (76.0%)  

      Regular physical activity 5698 (26.0%) 4936 (24.0%)  

Fruit consumption, n (%)   < 0.001 

      Everyday 6142 (28.1%) 7395 (33.7%)  

      Occasionally 10129 (46.3%) 8684 (39.6%)  

      Rarely or never 5620 (25.7%) 5862 (26.7%)  

Vegetable consumption, n (%)   < 0.001 

      Everyday 18502 (84.5%) 18078 (82.4%)  

      Occasionally 2729 (12.5%) 2869 (13.1%)  

      Rarely or never 660 (3.0%) 985 (4.5%)  

Self-rated health, n (%)     < 0.001 

      Good or very good 12199 (55.7%) 8844 (49.6%)  

      So-so 7221 (33.0%) 6316 (35.4%)  

      Bad or very bad 2471 (11.3%) 2677 (15.0%)  

Cognitive function, n (%)     < 0.001 

      Normal (24-30) 13179 (60.2%) 9037 (41.2%)  

      Slightly impaired (18-23) 5350 (24.4%) 3010 (13.7%)  

      Impaired 10-17 2429 (11.1%) 1643 (7.5%)  

      Severely impaired (0-9) 933 (4.3%) 2952 (13.4%)  

MMSE, median (IQR) 26 (21-29) 26 (16-29) < 0.001 

Functional disability, n (%)     < 0.001 

      ADL dependent 5058 (23.1%) 7832 (35.7%)  

      ADL independent 16833 (76.9%) 13979 (63.7%)  

Chronic conditions, n (%)     < 0.001 

      No chronic disease 3188 (14.6%) 4279 (20.3%)  

      Non-severe chronic disease 13834 (63.2%) 12703 (60.2%)  

      Severe chronic disease 4869 (22.2%) 4133 (19.6%)  

Year of baseline survey, n (%)     < 0.001 

      1998 5282 (24.1%) 3677 (16.7%)  

      2000 3576 (16.3%) 2761 (12.6%)  



 

17 

      2002 4434 (20.3%) 5270 (24.0%)  

      2005 3383 (15.5%) 4055 (18.5%)  

      2008 4201 (19.2%) 4890 (22.3%)  

      2011 571 (2.6%) 684 (3.1%)  

      2014 444 (2.0%) 626 (2.9%)  

Psychological disposition indexes        

Total PD score, mean ± SD 25.5 ± 3.9 25.1 ± 4.6 < 0.001 

Total PD index, n (%)   < 0.001 

      Q1 (7-22) 4798 (21.9%) 4577 (20.8%)  

      Q2 (23-25) 6174 (28.2%) 4017 (18.3%)  

      Q3 (26-28) 6061 (27.7%) 3975 (18.1%)  

      Q4 (29-35) 4858 (22.2%) 3840 (17.5%)  

      Missing  0 (0.0%) 5554 (25.3%)  

Positive PD score, mean ± SD 14.6 ± 2.4 13.8 ± 3.4 < 0.001 

Positive PD index, n (%)   < 0.001 

      Q1 (4-12) 4520 (20.7%) 5383 (24.5%)  

      Q2 (13-14) 6325 (28.9%) 4179 (19.0%)  

      Q3 (15-16) 6547 (29.9%) 4200 (19.1%)  

      Q4 (17-20) 4499 (20.6%) 3655 (16.6%)  

      Missing  0 (0.0%) 4546 (20.7%)  

Negative PD score, mean ± SD 11.0 ± 2.3 10.6 ± 2.8 < 0.001 

Negative PD index, n (%)   < 0.001 

      Q1 (3-9) 5532 (25.3%) 5451 (24.8%)  

      Q2 (10-11) 7015 (32.1%) 4793 (21.8%)  

      Q3 (12) 4088 (18.7%) 2772 (12.6%)  

      Q4 (13-15) 5256 (24.0%) 4166 (19.0%)  

      Missing  0 (0.0%) 4781 (10.9%)  
 

 

3.2 Description of Psychological Disposition Items and Indexes   

Table 3 presents the distribution of positive and negative psychological disposition items 

among study participants, with a detailed exploration of differences among gender and age 

subgroups. Participants who were male and aged 65-79 years old had a higher likelihood of being 

classified into higher PD quartiles (P < 0.001). When considering PD in continuous scores, 

significant differences emerged. Males demonstrated a 1-point, 0.4-point, and 0.6-point higher 
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total, positive, and negative PD scores, respectively, compared to females (P < 0.001). Similarly, 

individuals aged 65-79 years exhibited a 1.6-point, 0.7-point, and 0.9-point higher score in total, 

positive, and negative PD scores, respectively, in contrast to those aged 80 years and above (P < 

0.001). 

The disparities observed in total, positive, and negative PD quartiles and continuous scores 

between gender and age subgroups underscored the influence of gender and age on psychological 

disposition. 
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Table 3: Distribution of Positive and Negative Psychological Disposition Items among Study Participants, Stratified by Gender and Age 

Group. 

Seven items of 

psychological 

disposition and 

its score  

Total, n (%) 

N = 21891 

Gender  

P-value 

Age  

P-value 

Female, n (%) 

N = 12361 

Male, n (%) 

N = 9530 

65-79 years, n (%) 

N = 4242 

≥ 80 years, n (%) 

N = 17649 

Items of positive disposition  

Optimism    < 0.001   < 0.001 

      Never (1) 113 (0.5%) 71 (0.6%) 42 (0.4%)  14 (0.3%) 99 (0.6%)  

      Seldom (2) 1009 (4.6%) 655 (5.3%) 354 (3.7%)  169 (4.0%) 840 (4.8%)  

      Sometimes (3) 3564 (16.3%) 2163 (17.5%) 1401 (14.7%)  697 (16.4%) 2867 (16.24%)  

      Often (4) 14304 (65.3%) 8019 (64.9%) 6285 (66.0%)  2863 (67.5%) 11441 (64.8%)  

      Always (5) 2901 (13.3%) 1453 (11.8%) 1448 (15.2%)  499 (11.8%) 2402 (13.6%)  

Conscientiousness    < 0.001   < 0.001 

      Never (1) 34 (0.2%) 17 (0.1%) 17 (0.2%)  5 (0.1%) 29 (0.2%)  

      Seldom (2) 500 (2.3%) 224 (1.8%) 276 (2.9%)  47 (1.1%) 453 (2.6%)  

      Sometimes (3) 4687 (21.4%) 2208 (17.9%) 2479 (26.0%)  1021 (24.1%) 3666 (20.8%)  

      Often (4) 13331 (60.9%) 7823 (63.3%) 5508 (57.8%)  2623 (61.8%) 10708 (60.7%)  

      Always (5) 3339 (15.3%) 2089 (16.9%) 1250 (13.1%)  546 (12.8%) 2793 (15.8%)  
Sense of personal 

control    < 0.001   < 0.001 

      Never (1) 873 (4.0%) 550 (4.5%) 323 (3.4%)  112 (2.6%) 761 (4.3%)  

      Seldom (2) 3288 (15.0%) 2200 (17.8%) 1088 (11.4%)  310 (7.3%) 2978 (16.9%)  

      Sometimes (3) 5133 (23.5%) 3156 (25.5%) 1977 (20.8%)  800 (18.9%) 4333 (24.6%)  

      Often (4) 6689 (30.5%) 3643 (29.5%) 3046 (32.0%)  1144 (27.0%) 5545 (31.4%)  

      Always (5) 5908 (27.0%) 2812 (22.7%) 3096 (32.5%)  1876 (44.2%) 4032 (22.9%)  
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Positive feelings 

about ageing    < 0.001   < 0.001 

      Never (1) 1523 (7.0%) 894 (7.2%) 629 (6.6%)  286 (6.7%) 1237 (7.0%)  

      Seldom (2) 5543 (25.3%) 3341 (27.0%) 2202 (23.1%)  936 (22.1%) 4607 (26.1%)  

      Sometimes (3) 6072 (27.7%) 3379 (27.3%) 2693 (28.3%)  1206 (28.4%) 4866 (27.6%)  

      Often (4) 4802 (21.9%) 2619 (21.2%) 2183 (22.9%)  617 (14.6%) 4185 (23.7%)  

      Always (5) 3951 (18.1%) 2128 (17.2%) 1823 (19.1%)  1197 (28.2%) 2754 (15.6%)  

Items of negative disposition  

Neuroticism    < 0.001   < 0.001 

      Always (1) 306 (1.4%) 188 (1.5%) 118 (1.2%)  36 (0.1%) 270 (1.5%)  

      Often (2) 1097 (5.0%) 756 (6.1%) 341 (3.6%)  117 (2.8%) 980 (5.6%)  

      Sometimes (3) 4379 (20.0%) 2772 (22.4%) 1607 (16.9%)  829 (19.5%) 3550 (20.1%)  

      Seldom (4) 9599 (43.9%) 5328 (43.1%) 4271 (44.8%)  1557 (36.7%) 8042 (45.6%)  

      Never (5) 6510 (29.7%) 3317 (26.8%) 3193 (33.5%)  1703 (40.2%) 4807 (27.2%)  

Loneliness    < 0.001   < 0.001 

      Always (1) 408 (1.9%) 248 (2.0%) 160 (1.7%)  49 (1.2%) 359 (2.0%)  

      Often (2) 1540 (7.0%) 1011 (8.2%) 529 (5.5%)  183 (4.3%) 1357 (7.7%)  

      Sometimes (3) 5003 (22.9%) 3053 (24.7%) 1950 (20.5%)  797 (18.8%) 4206 (23.8%)  

      Seldom (4) 8656 (39.5%) 4819 (39.0%) 3837 (40.3%)  1399 (33.0%) 7257 (41.1%)  

      Never (5) 6284 (28.7%) 3230 (26.1%) 3054 (32.1%)  1814 (42.8%) 4470 (25.3%)  
Perceived loss of 

self-worth    < 0.001   < 0.001 

      Always (1) 1512 (6.9%) 935 (7.6%) 577 (6.1%)  243 (5.7%) 1269 (7.2%)  

      Often (2) 4542 (20.8%) 2837 (23.0%) 1705 (17.9%)  562 (13.3%) 3980 (22.5%)  

      Sometimes (3) 7597 (34.7%) 4359 (35.3%) 3238 (34.0%)  1541 (36.3%) 6056 (34.3%)  

      Seldom (4) 5280 (24.1%) 2804 (22.7%) 2476 (26.0%)  982 (23.1%) 4298 (24.4%)  

      Never (5) 2960 (13.5%) 1426 (11.5%) 1534 (16.1%)  914 (21.6%) 2046 (11.6%)  
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PD indexes  

Total PD score, 

mean ± SD 25.5 ± 3.9 25.1 ± 3.9 26.1 ± 3.8 < 0.001 26.8 ± 3.9 25.2 ± 3.8 < 0.001 

Total PD index 

quartile    < 0.001   < 0.001 

      Q1 (7-22) 4798 (21.9%) 3102 (25.1%) 1696 (17.8%)  591 (13.9%) 4207 (23.8%)  

      Q2 (23-25) 6174 (28.2%) 3612 (29.2%) 2562 (26.9%)  1038 (24.5%) 5136 (29.1%)  

      Q3 (26-28) 6061 (27.7%) 3304 (26.7%) 2757 (28.9%)  1161 (27.4%) 4900 (27.8%)  

      Q4 (29-35) 4858 (22.2%) 2343 (19.0%) 2515 (26.4%)  1452 (34.2%) 3406 (19.3%)  
Positive PD 

score, mean ± SD 14.6 ± 2.4 14.4 ± 2.4 14.8 ± 2.4 < 0.001 15.1 ± 2.3 14.4 ± 2.4 < 0.001 

Positive PD 

index quartile    < 0.001   < 0.001 

      Q1 (4-12) 4520 (20.7%) 2797 (22.6%) 1723 (18.1%)  603 (14.2%) 3917 (22.2%)  

      Q2 (13-14) 6325 (28.9%) 3693 (29.9%) 2632 (27.6%)  1101 (25.9%) 5224 (29.6%)  

      Q3 (15-16) 6547 (29.9%) 3552 (28.7%) 2995 (31.4%)  1301 (30.7%) 5246 (29.7%)  

      Q4 (16- 20) 4499 (20.6%) 2319 (18.8%) 2180 (22.9%)  1237 (29.2%) 3262 (18.5%)  
Negative PD 

score, mean ± SD  11.0 ± 2.3 10.7 ± 2.3 11.3 ± 2.2 < 0.001 11.7 ± 2.2 10.8 ± 2.3 < 0.001 

Negative PD 

index quartile    < 0.001   < 0.001 

      Q1 (3-9) 5532 (25.3%) 3573 (28.9%) 1959 (20.6%)  757 (17.9%) 4775 (27.1%)  

      Q2 (10-11) 7015 (32.1%) 4023 (32.6%) 2992 (31.4%)  1215 (28.6%) 5800 (32.9%)  

      Q3 (12) 4088 (18.7%) 2165 (17.5%) 1923 (20.2%)  756 (17.8%) 3332 (18.9%)  

      Q4 (13-15) 5256 (24.0%) 2600 (21.0%) 2656 (27.9%)   1514 (35.7%) 3742 (21.2%)   
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3.3 The Associations between Categorical Psychological Disposition and All-cause Mortality 

3.3.1 Kaplan-Meier Survival Analysis 

The study followed a cohort of 21,891 individuals over a cumulative person-years total of 

105,033.6. Despite the potential for up to 20 years of follow-up, the median duration of follow-up 

for this pooled cohort, which included participants from different survey waves, was 3.5 years (IQR: 

1.6-6.8). This short median follow-up duration can be due to the inclusion of participants from 

various enrollment waves and the high mortality rate observed within the cohort (88.0%, n = 19,263) 

As shown in the Kaplan-Meier (KM) survival curves (refer to Figure 2), a visual inspection 

suggested that there were significant dose-response relationships between quartiles of total 

(Fig.2A), positive (Fig.2B), and negative (Fig.2C) PD indexes and all-cause mortality, respectively. 

Higher quartiles were associated with progressively higher mortality risks compared to the lowest 

quartile. This dose-response pattern suggests a graded increase in mortality risk with each 

ascending quartile. Log-rank tests confirmed significant disparities among the survival curves (P < 

0.001). 

Figure 3 further elucidates the KM survival curves for PD indexes by looking into the 

stratification of gender and age groups. Consistent with the unstratified population, the dose-

response relationships between PD indexes and all-cause mortality recurred in the KM survival 

curves among females (Figs. A1, B1, C1), males (Figs. A2, B2, C2), and individuals aged over 80 

years old (Figs. A4, B4, C4) subgroups. Likewise, higher total and positive PD levels or lower 

negative PD levels were consistently associated with reduced mortality risk (Log-rank P < 0.001). 

However, within the 65-79 years age subgroup (Figs. A3, A4, A5), dose-response relationships 

were obscured, where the curves representing participants with the highest total and positive PD 

levels or the lowest negative PD levels (Quartile 4) intersected with those exhibiting middle-high 

PD scores (Quartile 3), making it difficult to discern the extent of the difference in mortality risk. 
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Still, survival outcome appeared to be more favorable for Quartiles 3 and 4, compared with the 

other quartiles (Log-rank P < 0.001).  

 

Figure 2: Kaplan-Meier Survival Curves for Psychological Disposition Indexes.  

(A) Total PD Quartile; (B) Positive PD Quartile; (C) Negative PD Quartile. 
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Figure 3: Kaplan-Meier Survival Curves for Psychological Disposition Indexes, Stratified by Gender and Age Group. 

(A1) Total PD quartile among Female; (A2) Total PD quartile among Male; (A3) Total PD quartile among 65-79 years old; (A4) Total PD 

quartile among over 80 years old; (B1) Positive PD quartile among Female; (B2) Positive PD quartile among Male; (B3) Positive PD 

quartile among 65-79 years old; (B4) Positive PD quartile among over 80 years old; (C1) Negative PD quartile among Female; (C2) 

Negative PD quartile among Male; (C3) Negative PD quartile among 65-79 years old; (C4) Negative PD quartile among over 80 years old. 
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3.3.2 Cox Proportional Hazard Analysis with Categorical PD Indexes 

Hazard ratios (HRs) predicting all-cause mortality risks of all Cox models can be found in 

Figure 4. In the minimally adjusted models, the discernible dose-response relationships between 

the PD indexes and mortality were quantified. Compared to the lowest quartile of total PD score, 

the 2nd, 3rd, and 4th quartiles had a 11%, 19%, and 25% lower mortality risk, respectively (HR = 

0.89, 95%CI: 0.86 to 0.93, P < 0.001 for total PD quartile 2 vs. 1; HR = 0.81, 95%CI: 0.78 to 0.85, 

P < 0.001 for total PD quartile 3 vs. 1; HR = 0.75, 95%CI: 0.72 to 0.79, P < 0.001 for total PD 

quartile 4 vs. 1). Similar patterns were observed for positive and negative PD indexes. In subgroup 

analyses by gender and age group, the dose-response relationships remained consistent among all 

models but for negative PD score among 65-79 years old population, where the 3rd quartile had a 

13% lower mortality risk compared to the 1st quartile, while the 4th quartile had a 10% lower risk 

(P < 0.001). The associations between positive scores and mortality were reduced in all subgroups, 

with the estimates of the 2nd quartile no longer statistically significant.   

In the fully adjusted models that further adjusted for five health-related factors, the dose-

response relationships remained salient among the unstratified population, albeit with the 

coefficients of associations greatly reduced, exhibiting in the way of decreased protective effect of 

higher PD quartiles compared to the lowest PD quartile. Compared to the 1st quartile of total PD 

score, the 2nd, 3rd, and 4th quartiles had a 3%, 8%, and 12% lower mortality risk, respectively (HR 

= 0.97, 95%CI: 0.93 to 1.01, P = 0.115 for total PD quartile 2 vs. 1; HR = 0.92, 95%CI: 0.98 to 

0.96, P < 0.001 for total PD quartile 3 vs. 1; HR = 0.88, 95%CI: 0.84 to 0.92, P < 0.001 for total 

PD quartile 4 vs. 1). Similarly, the observed associations for positive and negative PD indexes were 

found to be reduced. Moreover, some of the associations between PD indexes and mortality did not 

retain statistical significance in the fully adjusted models. Notably, in all models, the 2nd quartile of 

the PD indexes exhibited non-significant associations compared to its 1st quartile counterpart. 
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Particularly striking was the reversal of HRs from a protective to a harmful effect observed in the 

relationship between positive PD score and mortality across various subgroups, including the 

unstratified sample, females, males, and those over 80 years old. 

The sensitivity analyses revealed consistent findings when incorporating an additional total 

of 9,187 participants who were lost to follow-up (refer to Table 4), as well as when excluding 

individuals aged over 105 years, those with severe health conditions, or those who died within one 

year of follow-up to mitigate potential reverse causality (refer to Table 5). 
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Figure 4: Hazard Ratios (95%CIs) for the Associations between Categorical PD 

Indexes and All-cause Mortality, Stratified by Gender and Age Group. 
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Table 4: Associations between PD Indexes and Mortality, Considering Lost to Follow-Up 

Participants as Either Surviving or Deceased. 

  Minimally adjusted model  Fully adjusted model 

  HR (95%CI) P for trend HR (95%CI) P for trend 

Assuming those lost to follow-up were surviving (n = 31106) 

Total PD score      

   Q1 (n = 6438) ref. - ref. - 

   Q2 (n = 8479) 0.90 (0.86, 0.94) < 0.001 0.98 (0.94, 1.02) 0.332 

   Q3 (n = 8657) 0.81 (0.78, 0.84) < 0.001 0.92 (0.88, 0.96) < 0.001 

   Q4 (n = 7532) 0.75 (0.71, 0.78) < 0.001 0.88 (0.84, 0.93) < 0.001 

Positive PD     

   Q1 (n = 6088) ref. - ref. - 

   Q2 (n = 8710) 0.95 (0.92, 0.99) 0.024 1.03 (0.98, 1.07) 0.234 

   Q3 (n = 9326) 0.85 (0.82, 0.89) < 0.001 0.95 (0.91, 0.99) 0.021 

   Q4 (n = 6982) 0.78 (0.75, 0.82) < 0.001 0.92 (0.87, 0.96) < 0.001 

Negative PD     

   Q1 (n = 7589) ref. - ref. - 

   Q2 (n = 9739) 0.91 (0.87, 0.94) < 0.001 0.97 (0.94, 1.01) 0.158 

   Q3 (n = 5823) 0.84 (0.80, 0.87) < 0.001 0.94 (0.90, 0.98) 0.007 

   Q4 (n = 7955) 0.82 (0.78, 0.85) < 0.001 0.93 (0.89, 0.97) 0.002 

Assuming those lost to follow-up were deceased (n = 31106) 

Total PD score      

   Q1 (n = 6438) ref. - ref. - 

   Q2 (n = 8479) 0.89 (0.87, 0.93) < 0.001 0.96 (0.93, 0.99) 0.021 

   Q3 (n = 8657) 0.83 (0.80, 0.86) < 0.001 0.92 (0.88, 0.95) < 0.001 

   Q4 (n = 7532) 0.78 (0.75, 0.81) < 0.001 0.89 (0.86, 0.93) < 0.001 

Positive PD     

   Q1 (n = 6088) ref. - ref. - 

   Q2 (n = 8710) 0.94 (0.91, 0.98) 0.001 1.00 (0.97, 1.04) 0.986 

   Q3 (n = 9326) 0.86 (0.83, 0.89) < 0.001 0.94 (0.91, 0.97) 0.001 

   Q4 (n = 6982) 0.83 (0.80, 0.86) < 0.001 0.93 (0.90, 0.97) < 0.001 

Negative PD     

   Q1 (n = 7589) ref. - ref. - 

   Q2 (n = 9739) 0.91 (0.88, 0.94) < 0.001 0.97 (0.94, 1.00) 0.046 

   Q3 (n = 5823) 0.85 (0.82, 0.89) < 0.001 0.94 (0.91, 0.98) 0.001 

   Q4 (n = 7955) 0.83 (0.80, 0.86) < 0.001 0.92 (0.89, 0.96) < 0.001 
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Table 5: Associations Between PD Scores and Mortality, Excluding Participants with 

Severe Chronic Conditions, Deaths Within 1 Year of Follow-Up, or Those Who Aged Over 

105 Years. 

  Minimally adjusted model  Fully adjusted model  

N = 14571 HR (95%CI) P for trend  HR (95%CI) P for trend  

Total PD score      

   Q1 (n = 3325) ref. - ref. - 

   Q2 (n = 4165) 0.92 (0.87, 0.96) < 0.001 0.98 (0.93, 1.03) 0.453 

   Q3 (n = 4051) 0.85 (0.81, 0.89) < 0.001 0.93 (0.89, 0.98) 0.009 

   Q4 (n = 3030) 0.77 (0.73, 0.82) < 0.001 0.88 (0.83, 0.94) < 0.001 

Positive PD 

Score      

   Q1 (n = 3048) ref. - ref. - 

   Q2 (n = 4224) 0.97 (0.92, 1.02) 0.223 1.03 (0.98, 1.09) 0.297 

   Q3 (n = 4332) 0.88 (0.84, 0.93) < 0.001 0.95 (0.91, 1.01) 0.084 

   Q4 (n = 2967) 0.82 (0.78, 0.87) < 0.001 0.93 (0.87, 0.99) 0.015 

Negative PD 

Score      

   Q1 (n = 3860) ref. - ref. - 

   Q2 (n = 4748) 0.91 (0.87, 0.96) < 0.001 0.97 (0.92, 1.01) 0.167 

   Q3 (n = 2797) 0.85 (0.81, 0.90) < 0.001 0.94 (0.89, 0.99) 0.022 

   Q4 (n = 3166) 0.83 (0.79, 0.88) < 0.001 0.92 (0.87, 0.98) 0.006 

 

3.3.3 Cox Proportional Hazard Analysis with Continuous Psychological Disposition 

As shown in Table 6, after adjusting for all potential confounders, every one unit increase 

in total PD score was associated with a 1.2% decrease in mortality risk (HR = 0.988, 95%CI: 0.984 

to 0.992, P < 0.001). In the same vein, every one unit increase in positive or negative PD score was 

associated with a 1.5% decrease in mortality risk (HR = 0.985, 95%CI: 0.979 to 0.991, P < 0.001 

for positive PD score; HR = 0.985, 95%CI: 0.978 to 0.992, P < 0.001 for negative PD score). 
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Table 6: Hazard Ratios (95%CIs) for the Associations between Continuous PD 

Indexes and All-cause Mortality 

  Minimally adjusted model  Fully adjusted model  

  HR (95%CI) P-value  HR (95%CI) P-value  

Total PD score  0.973 (0.969, 0.976) < 0.001 0.988 (0.984, 0.992) < 0.001 

Positive PD score  0.965 (0.959, 0.971) < 0.001 0.985 (0.979, 0.991) < 0.001 

Negative PD score  0.964 (0.958, 0.970) < 0.001 0.985 (0.978, 0.992) < 0.001 

 

3.3.4 Restricted Cubic Spline Analysis with Continuous Psychological Disposition  

As illustrated in Figure 5, RCS analyses further confirmed linear associations of total 

(Fig.5A) and negative (Fig.5C) PD scores with all-cause mortality (P for non-linearity = 0.662 for 

total PD score; P for non-linearity = 0.767 for negative PD score), while a non-linear inverted U-

shaped association between positive PD score (Fig.5B) and mortality (P for non-linearity = 0.007). 

Based on the lowest AIC algorithm, the reference points were determined as 25.8, 12.5, and 10.2 

for total, positive, and negative PD scores, respectively. For total PD score below 25.8, each 

standard deviation increase was associated with a 3% reduction in the risk of death (HR = 0.97, 

95%CI: 0.95 to 0.99, P = 0.011); above 25.8, the HR per standard deviation increase was 0.98 

(95%CI: 0.96 to 1.00, P = 0.128). Similarly, for negative PD score below 10.2, each standard 

deviation increase was linked to a 3% decrease in mortality risk (HR = 0.97, 95%CI: 0.95 to 1.00, 

P = 0.022); above 10.2, the HR per standard deviation increase was 0.98 (95%CI: 0.96 to 1.00, P = 

0.055). These findings aligned with those of the Cox models in Table 4. Concerning the inverted 

U-shaped association between positive PD score and mortality, the plot showed an insignificant 

0.45% increase in the risk per increased standard deviation below positive PD score of 12.5 (HR = 

1.0045, 95%CI: 0.97 to 1.04, P = 0.784), whereas a significant 4% reduction in the death risk above 

the reference point (HR = 0.96, 95%CI: 0.94 to 0.97, P < 0.001). 
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Figure 5: Non-linear Relationships Between PD Indexes and Mortality Risk Using 

Restricted Cubic Spline Analysis.  

(A) Total PD score; (B) Positive PD score; (C) Negative PD score. 
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3.4 Percentage Excess Risk Mediated by Health-Related Factors in the Associations between 

Binary Psychological Disposition and Mortality 

Figure 6 elucidates the roles played by the five health-related factors in mediating the 

associations between total (Fig.6A), positive (Fig.6B), and negative (Fig.6C) PD indexes and all-

cause mortality. The combined impact of the five groups of health-related factors reduced a 

substantial proportion of the associations, accounting for 49.5%, 45.0%, and 61.8% of the links 

between total, positive, and negative PD indexes, respectively, and all-cause mortality. Notably, 

self-rated health emerged as the most influential explanatory variable, with hazard ratios decreasing 

by 30.9%, 29.4%, and 37.2% respectively, when adjusting for its associations with total, positive, 

and negative PD indexes in relation to mortality. Cognitive function served as the second potent 

mediator, contributing to a reduction in hazard ratios ranging from 22.7% to 24.5%.  

In the gender subgroup analysis, PERM for the health-related factors alone still followed 

the pattern where self-rated health and cognitive function being the strongest mediators; however, 

a gender disparity was observed in the combined impact of these health-related factors. Specifically, 

the overall mediation of the linkage to mortality was more pronounced among males in total and 

positive PD indexes (PERM in males vs females: 57.2 % vs 42.0% for total PD score; (PERM in 

males vs females: 53.3 % vs 38.3% for positive PD score). Nevertheless, the gender difference in 

PERM was inconsequential for negative PD index, with the overall mediation of 60.6% among 

males and 62.5% among females. 

In the age subgroup analysis, a distinct pattern emerged. Cognitive function exhibited 

diminished significance among those aged 65-79 years, attributable to hazard ratio reductions of 

1.2% to 3.1%. However, it was the strongest mediator among the oldest-old, with PERM ranging 

from 38.8% to 43.4%. Self-rated health retained as the most powerful mediator, exhibiting 

heightened significance in the associations between the PD indexes and mortality among 65-79 

years old people, accounting for 35.4% to 48.1% of the excess risk. It remained the second most 
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important mediator among population aged over 80 years, with PERM ranging from 23.0% to 

28.8%. Notably, the mediating effect of functional disability was more pronounced in both age 

subgroups, with PERM ranging from 7.4% to 18.2% in older people, and 10.4% to 22.6% in the 

oldest-old. It is worth noting the different modification effect of chronic conditions among age 

subgroups. The hazard ratios for the associations decreased by 11.0% to 20.1% upon adjustment of 

chronic diseases among 65-79 years old people, making it equally significant to the mediating effect 

of functional disability in this age group. In contrast, the corresponding reduction among the 80 

years old and over group was 3.6% to 5.0%.  

Upon adjusting for all factors, the observed associations persisted in most models but were 

no longer statistically significant among those aged 65-79 years for the associations of total and 

negative PD indexes with mortality. 

 



 

 

3
4
 

 
Figure 6: Attribution of PD Indexes-Mortality Associations to Health-Related Factors, Stratified by Gender and Age Groups.  

(A) Total PD score; (B) Positive PD score; (C) Negative PD score.
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4. Discussion  

4.1 Interpretation of Key Findings  

In the present study, a comprehensive analysis was conducted on a large cohort comprising 

21,891 elderly individuals from the Chinese Longitudinal Health Longevity Survey spanning the 

years 1998 to 2014, with a cumulative follow-up period of 105,033.6 person-years, extending until 

2018. The findings underscored the protective nature of positive or salutogenic psychological 

disposition against all-cause mortality, as well as the inverse relationship observed with negative 

or pathogenic disposition. Moreover, the combined effect of elevated positive disposition and 

diminished negative disposition exhibited a similar protective trend, suggesting that a robust 

psychological disposition correlates with reduced mortality risk. Notably, a discernible dose-

response relationship was identified across all these associations when considering categorical 

indexes of psychological disposition. After adjusting for the health-related factors of interest, the 

dose-response pattern persisted. However, associations between psychological disposition and 

mortality vanished among individuals with relatively lower levels of psychological disposition, 

contrasting with the persistence of statistically significant associations among those with higher 

levels of psychological disposition, albeit these associations were mediated by roughly half.  

The findings of this study were consistent with the majority of previous observational 

studies or meta-analyses, which had reported either the protective effects of salutogenic 

psychological disposition [21-23, 28, 36-38] or harmful effects of pathogenic psychological 

disposition on mortality [31-35]. Furthermore, the effect size observed in this study aligned with 

previous research findings. For instance, individuals with the lowest level of negative psychological 

disposition, compared to their highest counterparts, exhibited an 8% lower risk of death in this 

analysis. Similarly, a meta-analysis found that loneliness was associated with a 9% higher mortality 

risk [32]. However, some prior studies reported that the significance of the associations between 
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psychological disposition and mortality diminished after adjusting for various health-related factors 

that were not considered in the present study. For example, the relationship between loneliness and 

all-cause mortality became insignificant after adjusting for depressive symptoms, biological factors 

such as body-mass index and blood pressure, and other factors that were not included in the present 

study [39]. Additionally, psychological disposition was found to have no significant association 

with certain cause-specific mortality [37].   

This study adds to existing knowledge by further examining the extent to which health-

related factors are attributable to the association between psychological disposition and mortality. 

Of particular significance were the roles of self-rated health and cognitive function as crucial 

mediators that substantially mediated the observed associations. While the majority of studies 

considered health-related factors, only a solitary investigation delved into their contribution to the 

link between psychological disposition and mortality. However, in that study, cognitive impairment 

was the least explanatory factor, accounting for only 6% of the association between loneliness and 

mortality among middle aged individuals, whereas self-rated health and depressive symptoms were 

identified as the most influential factors, explaining for 71% and 66% of the association, 

respectively [39]. In comparison, the present study found that self-rated health accounted for 37% 

and cognitive impairment for 23% of the associations between psychological disposition and 

mortality. The variations in the magnitude and type of mediators between the two studies might 

stem from different distributions of the participant age as well as the design of statistical model. 

Another study reaffirmed self-rated health as a potent explanatory factor, fully modifying the 

association between happiness and mortality [40].  

The mechanism behind the mediating effect of self-rated health is complex. On the one 

hand, self-rated health is intricately linked to psychological disposition [16]. A good example is the 

“disability paradox” put forward by Von Faber and colleagues, saying that numerous oldest-old 

individuals express contentment with their lives albeit facing functional limitations [64], indicating 
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one’s capacity of coping challenges with psychological resources. Health conditions can influence 

psychological disposition vice versa [57]. On the other hand, self-rated health is also closely related 

and predictive to mortality [57, 58]. In contrast to earlier research [39, 40], the current analysis 

identified the effect of psychological disposition on mortality risk was independent from self-rated 

health. Despite being largely mediated by self-rated health, such effect retained its significance.  

Cognitive impairment was revealed as another important mediator in the observed 

relationship. It has been established that deteriorating cognitive function is correlated with an 

increased likelihood of mortality among older individuals [55], and that a rapid cognitive decline 

can serve as a harbinger of the end of life [52]. A recent study has shown that a significant additive 

interaction of cognitive impairment and poor psychological disposition was associated with 56% 

higher mortality risk, compared to 31% higher mortality risk for cognitive impairment alone [50]. 

The present study complements the existing findings by revealing the independent effect of 

psychological disposition on mortality risk beyond cognitive impairment.  

The study extends current knowledge by suggesting that gender may influence the pathway 

linking psychological disposition to mortality. It was observed among males that the overall 

mediating effect of health-related factors was stronger for positive and total psychological 

disposition, indicating that higher levels of salutogenic and total psychological disposition may 

have a more pronounced protective effect among females, irrespective of other risk factors. In line 

with the literature [44, 65], men were observed to have higher psychological disposition scores than 

women. Additionally, investigations into gender differences among the elderly have explored 

various aspects, such as perceptions of ageing, psychological disposition and well-being, coping 

mechanisms for life events, and mortality risk disparities [36, 41-44, 51, 66]. While gender 

differences have been noted across these studies, the trends among men and women have not 

consistently aligned. Further research is warranted to validate the findings across diverse population 

cohorts. 
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To the best of knowledge, this study is the first to compare young-old and the oldest-old 

regarding the relationship between psychological disposition and all-cause mortality. This study 

found that younger elderly people were inclined to exhibit a better robust psychological disposition, 

which aligns with existing studies [65]. Additionally, this study further identified distinct patterns 

in the mediating effect of health-related factors on the associations between psychological 

disposition and mortality across age groups. While cognitive function remained as a prominent 

mediator among the oldest-old individuals, its contribution to the association was minimal among 

the young-old. This discrepancy may be attributed to the accelerated onset and progression of 

cognitive decline after 80 years of age, thereby exerting a greater impact on mortality risk. Beyond 

the dominant role of self-rated health in both age subgroups, functional disability and chronic 

diseases became more influential in mediating the protective effects of psychological disposition 

among individuals aged 65 to 79 years old, particularly for positive psychological disposition. 

However, the important roles of chronic diseases were not significant among those aged more than 

80 years.  

This study contributed to the understanding by demonstrating that higher scores in positive 

psychological disposition, reversed negative disposition, and the combined total of the two were 

associated with lower mortality risk when assessed continuously. Moreover, the study found linear 

relationships between continuous negative and total psychological disposition scores. However, a 

non-linear relationship was observed for continuous positive psychological disposition scores, 

wherein the protective effect was not evident at lower levels. Therefore, marginal improvements in 

psychological disposition may offer limited benefits.  
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4.2 Strengths and Limitations    

The strengths of this study lie in its longitudinal design spanning up to 20 years and the 

inclusion of a large sample size. Moreover, the incorporation of analysis on percentage excess risk 

mediated, along with an array of subgroup and sensitivity analyses, bolsters the robustness and 

coherence of the findings in comparison to existing evidence.  

However, several limitations warrant consideration. Firstly, the lack of consensus on the 

ascertainment of psychological disposition in the literature, along with reliance on self-reported 

measures for the psychological disposition indexes, may introduce potential biases. Nonetheless, 

prior studies have validated the reliability of these measures [16, 43, 48-50]. Secondly, while 

pooling data from multiple waves enhances the utility of the dataset, it introduced the possibility 

of period effects. To mitigate this concern, baseline wave was adjusted as a dummy variable in all 

models. Thirdly, a large number of participants were excluded based on the complete case criterium, 

while there is a statistically significant variance in all aspects of baseline characteristics between 

the include and excluded individuals. To alleviate this problem, data imputation was adopted, so 

that the participants who were lost to follow-up were included in sensitivity analysis. Fourthly, 

despite the inclusion of a large set of health-related factors, the study did not adjust for plausible 

bias of depressive symptoms [39], given that depression was not available in the early waves of the 

survey. Future studies should consider this factor in analysis. Lastly, establishing direct causal 

relationships between psychological disposition and all-cause mortality, while including the roles 

of health-related factors as mediators, poses challenges. Identification of potential confounding 

factors remains incomplete, despite efforts to address them through adjustment and sensitivity 

analyses. Moreover, the cross-sectional nature of the mediators measured concurrently with the 

exposure might introduce the potential for reverse causality. The directionality of causation 

between these variables remains uncertain, as this study did not include mediators measured in 
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follow-ups before mortality event. Therefore, future research employing refined analyses with 

repeated measures and consideration of time-varying interactions could provide further insights.  

4.3 Implications for Public Health Practice   

Findings of this study hold significant implications for public health practitioners aiming 

to enhance longevity and healthy ageing among the elderly Chinese populations. Firstly, 

recognizing the pivotal role of psychological disposition in influencing mortality risk underscores 

the importance of integrating mental health promotion initiatives into public health programs 

targeting older adults. Elderly individuals with fragile psychological disposition are at risk of 

mortality for all causes. Strategies aimed at fostering salutogenic psychological states and 

mitigating pathogenic ones may yield substantial benefits in reducing mortality. Secondly, the 

identification of health-related factors, such as self-rated health and cognitive function, as key 

mediators in the association between psychological disposition and mortality underscores the 

importance of comprehensive health assessments. Incorporating routine screenings for 

psychological well-being, cognitive health, and self-rated health status into primary care settings 

can facilitate early detection of potential risk factors and inform targeted interventions to mitigate 

mortality risk. The practical applicability of the Likert-5 psychological disposition scale from the 

CLHLS could be further enhanced. Thirdly, the findings highlight the need for tailored 

interventions that address the unique needs of different age groups. For instance, interventions 

aimed at enhancing cognitive function may be particularly beneficial for individuals aged 80 years 

and older, where cognitive impairment emerged as a significant mediator in the association between 

psychological disposition and mortality. Similarly, actions should be taken to prevent and manage 

function disabilities and chronic conditions for Chinese adults aged 65 to 79 years.  
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5. Conclusion 

In summary, this study has elucidated dose-response relationships between categorical 

psychological disposition and all-cause mortality, which were predominantly mediated by health-

related factors, especially self-reported health and cognitive function. Cognitive function emerged 

as a crucial factor among the oldest-old, whereas functional independence and chronic conditions 

were more relevant among the younger-old. Linear relationships were observed for continuous total 

and negative psychological disposition, while non-linear relationships were evident for continuous 

positive psychological disposition. Maintaining a robust psychological disposition at a relatively 

high level can mitigate mortality risk, but marginal enhancement in psychological disposition can 

produce limited benefit. These findings underscore the crucial role of psychological disposition in 

mortality among elderly individuals, emphasizing the pivotal influence of health-related factors. 

Tailored intervention strategies are essential, with a focus on enhancing cognitive function for the 

oldest-old population and preventing or managing functional disability and chronic diseases for the 

younger-old population, to facilitate successful and healthy ageing in China. 
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