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Objective: We aimed to evaluate the relationship between digital exclusion, such as neither mobile payments nor WeChat use, and cognitive impairment in Chinese individuals aged 45 and older.

Methods: A population-based cross-sectional study utilizing data from the fourth national survey of the China Health and Retirement Longitudinal Study (CHARLS). In the fourth wave of CHARLS, 10,325 participants aged 45 and older with complete information were included in this analysis. Self-reported mobile payments and WeChat usage constituted our exposure. Cognitive impairment was the primary outcome. Univariate and multivariate logistic regression were used to assess the relationships between cognitive impairment risk and digital exclusion.

Results: Data were analyzed from 10,325 participants [mean (SD) age, 60.3 (9.1) years; 44.8% women], including 1,232 individuals with cognitive impairment and 9,093 cognitively normal individuals. The overall proportion of users who did not use either mobile payment or WeChat and those who only used WeChat were 81.3 and 6.7%, for cognitively impaired individuals 95.0 and 3.1%, and for cognitively normal individuals 79.5 and 7.2% [neither WeChat nor mobile payments vs. control unadjusted odds ratio (OR), 8.16; P < 0.001; only WeChat use vs. control unadjusted OR, 2.91; P < 0.001]. Participants who did not use either WeChat or mobile payments had an elevated risk for cognitive impairment after adjusting for a number of covariates (neither WeChat nor mobile payments vs. control adjusted OR, 3.48; P < 0.001; only WeChat use vs. control adjusted OR, 1.86; P = 0.021).

Conclusion: Our study reveals a positive correlation between digital exclusion and cognitive impairment in Chinese adults, providing insights for promoting active digital integration among older adults. Further longitudinal research is needed to further validate this hypothesis.
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Introduction

Cognitive impairment can be a devastating and disabling disease that places a substantial burden on patients, families and society, and has become a serious global concern in most developed and developing countries due to population aging. The global prevalence of dementia, which is a type of cognitive impairment, was estimated to be 46 million in 2015, with the number expected to triple by 2050 (Global Burden of Disease Study 2013 Collaborators, 2015). A recent meta-analysis conducted by Zhu et al. found that the pooled prevalence of dementia worldwide among the elderly aged 60 years and older was 4.86% (95% CI: 4.20–5.63%) (Zhu et al., 2019). China has the largest number of dementia patients, placing a significant strain on the public and healthcare system (Liu et al., 2013). The prevalence of dementia was 5.14% (95% CI 4.71–5.57%) in 2014 and 5.60% (3.50–7.60%) in 2019 among those aged 65 and older, in China (Jia et al., 2014; Huang et al., 2019). With China’s aging population on the rise, the prevalence of cognitive impairment is also on the rise (Jia et al., 2020). Understanding the mechanism of cognitive impairment and developing effective preventative and therapeutic methods necessitates a thorough examination of factors that contribute to its development.

Digital exclusion, defined as the inequity in access and capability to use information and communications technologies (ICTs) such as the internet, may be associated with cognitive impairment, although the relationship is complex and not fully understood (Seifert, 2020; Wilson et al., 2022). On the one hand, the use of digital technologies such as WeChat, mobile payments or the Internet has been shown to have cognitive benefits, such as improved memory, attention, and problem-solving skills (Radić et al., 2021; Wei et al., 2022). Thus, individuals with a lack of digital technology or limited digital skills may miss out on these cognitive benefits, which may lead to cognitive impairment over time. On the other hand, cognitive impairment itself can be a barrier to digital inclusion, as it can make it more difficult for individuals to learn new digital skills and use digital technologies effectively (Anderberg et al., 2019; Gerritzen et al., 2023). For example, people with cognitive impairment may have difficulty dealing with complex interfaces or have difficulty remembering passwords or following online instructions (Cunnah et al., 2021). Overall, while there is some evidence for a relationship between digital exclusion and cognitive impairment, further research is needed to better understand the complex interplay between digital exclusion and cognitive impairment.

The China Health and Retirement Longitudinal Study (CHARLS) is a large-scale, multiwave study of middle-to-old aged individuals that is representative of the country’s population (Zhao et al., 2014). This study made it possible to examine the relationship between cognitive function and digital exclusion like not using WeChat or mobile payments. Therefore, by analyzing the data from CHARLS, we intended to assess the relationship between cognitive function and digital exclusion in the present study. We hypothesized that not using WeChat or mobile payments would have a positive correlation with cognitive impairment in Chinese adults.



Materials and methods


Study population

The CHARLS is a nationally representative longitudinal survey of Chinese persons aged 45 and over, assessing the social, economic, and health status of community members. The fourth national survey was conducted between July 2018 and March 2019, among 19,816 participants. Because mini mental state exam (MMSE) and digital exclusion were collected in the fourth wave of CHARLS for the first time, data from wave 4 (2018) of the CHARLS were used in the present study. This study included data from 10,325 participants with complete data (Figure 1).
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FIGURE 1
Flow chart of enrollment of study subjects.


The CHARLS was approved by (Anonymized for Review). Written informed consent was obtained from each participant in accordance with the Declaration of Helsinki. Deidentified data from the CHARLS were used in this analysis. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.



Digital exclusion

Data on digital exclusion were collected through self-completed questionnaires. In the CHARLS, digital exclusion was assessed using the questions “Do you use mobile payments, such as Alipay and WeChat pay?” and “Do you use WeChat?” In the data analysis phase, participants were classified into three categories based on the participant’s response: using WeChat and mobile payments, only using WeChat, and neither (digital exclusion).



Cognitive assessment and definition of cognitive impairment

The CHARLS assessed the cognitive function of participants using the Chinese version of the MMSE, with excellent validity and reliability (Xu et al., 2018; Arevalo-Rodriguez et al., 2021). The MMSE consists of 30 items. The MMSE score ranged from 0 to 30 and higher scores indicate better cognitive function. We defined cognitive impairment as a MMSE score lower than 17 for an illiterate level individual, lower than 20 for individuals with elementary school, and lower than 24 for individuals with middle school and higher (Zhang, 1990).



Covariates

Covariates that might confound the association between digital exclusion and cognitive impairment in the analyses included sex, age (in years), level of education, cohabitation status, smoking status, drinking condition, physical activities, social activities, hypertension, diabetes, dyslipidemia, stroke, chronic lung diseases, memory-related disease, hearing disorder, and emotional, nervous, or psychiatric problems. All covariates were obtained from the CHARLS database (Zhao et al., 2020).



Statistical analysis

Variables of a categorical nature were expressed as frequencies and percentages. Continuous variables were characterized by their mean value and standard deviation (SD). The Chi-square test or independent sample t-test was performed to determine whether there were statistically significant differences between normal individuals and those with cognitive impairment regarding digital exclusion and other influencing factors. Using binary logistic regression, the relationships between cognitive impairment risk and digital exclusion were assessed. The odds ratios (ORs) and 95% confidence intervals (CIs) were computed to quantify the effects of digital exclusion.

We assessed the robustness of the association between digital exclusion and cognitive impairment by including different confounding covariates in different models. Model 1 did not adjust for any variables; Model 2 adjusted for age, sex, education level, smoking status and drinking condition; Model 3 added cohabitation status, physical activities, and social activities; Model 4 additional adjusted for hypertension, diabetes, dyslipidemia, stroke, chronic lung diseases, emotional, nervous, or psychiatric problems, memory-related disease and hearing disorder (the fully adjusted model).

Regarding that older individuals had a positive correlation with cognitive impairment, and were less likely to use mobile payments and WeChat, associations between digital exclusion and cognitive impairment were examined in the sub-population, respectively (< 80 years old, < 70 years old) as sensitivity analyses. A sensitivity analysis was also conducted according to residential status (urban, transitional zone, rural).

Data analysis was performed using StataSE 15 (StataCorp, College Station, TX, USA). If the P-value was less than 0.05, it was considered statistically significant.




Results


Characteristics of the participants

In the fourth wave of CHARLS in 2018, 19,816 individuals participated in the survey, 10,325 participants had a complete dataset (Figure 1), which consisted of 1,232 individuals with cognitive impairment and 9,093 cognitively normal individuals. Of 10,325 individuals, which were included in this analysis, the mean (SD) age was 60.3 (9.1) years; 44.8% (4,627 of 10,325) were women; 12.0% (1,233 of 10,325) and 6.7% (696 of 10,325) used mobile payments, and WeChat, respectively.

Compared with cognitively normal individuals, individuals with cognitive impairment had a significantly lower proportion of WeChat and mobile payments use. For cognitively normal individuals, the proportions of users who did not use either mobile payment or WeChat and those who only used WeChat were 79.5 and 7.2%, respectively, while for cognitively impaired individuals, the proportions were 95.0 and 3.1%, respectively (Neither WeChat nor mobile payments vs. control unadjusted OR, 8.16; 95% CI, 5.42 to 12.28; P < 0.001; only WeChat use vs. control unadjusted OR, 2.91; 95% CI, 1.73 to 4.90; P < 0.001). In addition, the study subjects with cognitive impairment were older, and were more likely to live in rural areas than the cognitively normal population. The characteristics of the participants are shown in Table 1.


TABLE 1    Characteristics of the study participants.

[image: Table 1]

[image: Table 1]



Logistic regression analysis of the factors associated with cognitive impairment

The results showed that neither WeChat nor mobile payment use was associated with poorer cognitive function (Table 2). Participants who did not use either WeChat or mobile payments had a positive correlation with cognitive impairment after adjusting for a number of covariates (Neither WeChat nor mobile payments vs. control adjusted OR, 3.48; 95% CI, 2.27 to 5.33; P < 0.001; only WeChat use vs. control adjusted OR, 1.86; 95% CI, 1.10 to 3.16; P = 0.021). In the fully adjusted model, we also found that being older (OR 1.09, 95% CI 1.08–1.10), still smoking (OR 1.43, 95% CI 1.17–1.74), and having a stroke (OR 1.32, 95% CI 1.02–1.70) had a positive correlation with cognitive impairment. Male (OR 0.79, 95% CI 0.65–0.96) and individuals participating in social activities (OR 0.83, 95% CI 0.73–0.95) had a negative correlation with cognitive impairment (see Supplementary Table 1 for details).


TABLE 2    Associations between using WeChat, mobile payments and cognitive impairment in the overall population.
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Sensitivity analysis

Considering that age and residence status may influence the association between digital exclusion and cognitive impairment, sensitivity analyses were conducted. Mobile payments and WeChat use, remained protective against cognitive impairment when we excluded individuals aged 80 and over, or when we excluded individuals aged 70 and over (In those aged < 80: neither WeChat nor mobile payments vs. control adjusted OR 3.25, 95% CI 2.21–4.98; only WeChat use vs. control adjusted OR 1.77, 95% CI 1.04–3.00; In those aged < 70: neither WeChat nor mobile payments vs. control adjusted OR 2.52, 95% CI 1.63–3.90; only WeChat use vs. control adjusted OR 1.42, 95% CI 0.82–2.48; Figure 2 and Supplementary Table 1).
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FIGURE 2
Associations between using WeChat, mobile payments and cognitive impairment, in the overall population and sub-population. Presented with adjusted odds ratio (OR) and 95% confidence intervals (CIs) when adjusting for age, sex, education level, smoking status, drinking condition, living alone, physical activities, social activities, hypertension, diabetes, dyslipidemia, stroke, chronic lung diseases, emotional, nervous, or psychiatric problems, memory-related disease, and hearing disorder.


In the stratified analysis based on the type of residential area (Figure 2 and Supplementary Table 2), people who did not use either WeChat or mobile payments had a positive correlation with cognitive impairment irrespective the type of residential area. People who only used WeChat had a positive correlation with cognitive impairment in the urban area (OR 3.44, 95% CI 1.73–6.84), but not in the rural area (OR 2.91, 95% CI 1.52–5.58), or the transitional zone located between urban and rural areas (OR 3.64, 95% CI 1.17–11.34).




Discussion

In this large community-based study, after controlling for other confounding variables, we discovered that digital exclusion had a positive correlation with cognitive impairment. Moreover, older age, smoking, and stroke also had a positive correlation with cognitive impairment, although participating in social activities had a negative correlation with cognitive impairment.

Our data suggested that digital exclusion that is, participants who do not use either mobile payments or WeChat may have a positive correlation with cognitive impairment. Mobile payments relate to any online transaction that is explicitly initiated, granted, registered, and validated via mobile terminal equipment (Lin et al., 2022; Rehman et al., 2022). Regarding mobile terminal equipment, mobile payments relate to the acquisition and payment of products and services utilizing wireless communication technology on a cell phone, smartphone, or personal digital assistant (Singh et al., 2020). In addition to messaging, people on WeChat can also discover new content by subscribing to feeds or sharing “Moments.” Consequently, WeChat and mobile payment increase social interaction and improve cognitive stimulation. The digital exclusion of not using WeChat and mobile payments partly leads to social isolation and reduced cognitive stimulation, which is associated with cognitive decline (Kim and Han, 2022). Even when controlling for education, occupation, baseline cognition, and cardiovascular risk factors, protective effects remain significant in cohort studies of older adults that have focused on cognitive complexity in their current lifestyle (Fabrigoule et al., 1995; Fratiglioni et al., 2000; Wang et al., 2002; Wilson et al., 2002). Overall, the growth of mobile payments and WeChat has altered human lives and social habits, made daily life more convenient, and increased access to information. Examining the relationship between the usage of mobile payments and WeChat and cognitive impairment, provides helpful insights into how cognitive health of people, particularly the elderly, might be improved. This study suggests that not using social media such as WeChat and mobile payment may have a positive correlation with cognitive impairment; hence, it is vital to promote social media among the public, particularly the elderly, and to assist them bridge the digital gap. Consequently, appropriate education programs should be established to assist people, particularly the elderly, in mastering the procedures and abilities of social media use. We can also promote health education through Official WeChat account, and all these measures aim to increase cognitive function and decrease the risk of cognitive impairment.

Our observations of a relationship between age and cognitive impairment are consistent with the findings of other studies, which indicated that age had a positive correlation with cognitive impairment (Podcasy and Epperson, 2016; Lucca et al., 2020; Dominguez et al., 2021; Stute et al., 2021). Age, an immutable factor, has been identified as one of the most significant correlates with dementia (Podcasy and Epperson, 2016). A population-based study in Italy also showed a positive correlation between age and dementia, with this correlation persisting into very old age (Lucca et al., 2020). Furthermore, subjective age has been associated with cognitive decline and dementia in middle-aged and elderly adults (Stephan et al., 2017; Qiao et al., 2021). As the global population ages, cognitive deterioration and its most severe expression, dementia, inevitably increase (Prince et al., 2015; Beard et al., 2016). Currently, no treatments significantly influence dementia’s progression, with degenerative brain changes often preceding clinical symptoms (Power et al., 2018). Non-pharmacological interventions, such as good nutrition, cognitive training, and physical activity, have shown a positive correlation with various cognitive outcomes and could be pivotal in maintaining cognitive health and delaying cognitive decline (Sofi et al., 2010; Psaltopoulou et al., 2013; Singh et al., 2014; Cooper et al., 2015; Coelho-Júnior et al., 2021).

In our investigation, we discovered a positive correlation between smoking and cognitive impairment, aligning with previous studies (Pinkston et al., 2009; Singh et al., 2014; Cooper et al., 2015; Coelho-Júnior et al., 2021). Long-term smokers showed a higher correlation with cognitive impairment development than non-smokers. Moreover, environmental tobacco smoke exposure was positively correlated with severe dementia (Pinkston et al., 2009). Consequently, quitting smoking could have beneficial impacts on individual health and those around them. Concurrently, our research found a positive correlation between stroke and cognitive impairment, consistent with numerous studies (Kuiper et al., 2015; Livingston et al., 2020; Spence et al., 2020). Stroke, a significant modifiable factor, correlated strongly with all-cause dementia (Pinkston et al., 2009). Despite many stroke survivors showing significant recovery, a considerable proportion still experienced dementia (Pinkston et al., 2009). Therefore, stroke prevention strategies, including lipid-lowering therapy, a plant-based diet, appropriate blood pressure control, and B vitamins for homocysteine lowering, could significantly decrease the growing burden of stroke and dementia (Spence et al., 2020).

Moreover, our study demonstrated a negative correlation between participating in social activities and cognitive impairment, aligning with previous findings (Kuiper et al., 2015). Proposed mechanisms suggest participation in social activities could contribute to cognitive reserve and delay the clinical progression of dementia (Stern, 2002; Akbaraly et al., 2009). They may promote cognitive performance, increase brain volume, and alter cerebral plasticity, thereby correlating with a lower incidence of dementia (Jia et al., 2022; Sachdev, 2022). However, these benefits might diminish if activities are not maintained, as indicated by other studies (Richards et al., 2003; Yu et al., 2009).

We conducted a sensitivity analysis since factors such as age and residence status may impact the association between digital exclusion and cognitive impairment. For age stratification, considering advanced age, such as above 70 and 80, persons who are at high risk for cognitive impairment and who may have high levels of digital exclusion due to cognitive impairment, which will result in a reverse causal association. Consequently, we conducted a sensitivity study on populations aged < 80 and < 70, the robust results further suggested that digital exclusion may have a positive correlation with cognitive impairment.

The most significant strength of this study is that the relationship between digital exclusion, such as WeChat and mobile payments use, and cognitive impairment was examined in a large survey, for the first time to our best knowledge. Moreover, the large sample size enhanced the reliability of our statistical analysis. Nevertheless, our study has several limitations. First, because this was an observational cross-sectional study, no causal relationships could be established. Second, despite accounting for a variety of confounding factors, unmeasured covariates may have caused confounding bias. Thirdly, using self-administered questionnaires to collect data on smoking, alcohol consumption, physical activity, and other behavioral risk variables may result in incorrect estimates.



Conclusion

This study demonstrates that digital exclusion has a positive correlation with cognitive impairment, providing a reference for promoting active integration of older adults into digital life. Longitudinal studies are needed to further test this hypothesis.
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