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In recent years, China’s Internet penetration rate has increased, and the scale of middle-aged and older adults’ netizen has continued to expand. However, the impact of internet use on mental health remains controversial. This paper analyzes 14,497 middle-aged and older adults’ valid respondents in the 2018 Chinese Family Panel Study (CFPS2018) to evaluate the impact of Internet use on the mental health of middle-aged and older adults and its intermediary mechanisms. The findings show that moderate use of the Internet can significantly reduce depression levels and boost cognitive function in middle-aged and older adults. But excessive internet use will also lead to increased levels of depression and decreased cognitive function. Different Internet use purposes will also lead to different psychological states. Online socializing, entertainment and business activities can significantly reduce depression levels and promote cognitive functions. Online studying and working only have positive effects on cognitive functions, which have no significant relationship to depression levels. In addition, analysis of the mediation effect found that life satisfaction is a path mechanism for Internet use and affect different dimensions of mental health.
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Introduction

Mental health refers to “a state of well-being in which an individual can recognize his or her abilities, is able to cope with the normal stresses of everyday life, is able to work productively, and is able to contribute to his or her society” (Saxena and Setoya, 2014). Middle-aged and older adults, especially the elderly, are groups with a high incidence of psychological problems (Finkel et al., 2005; Thompson and Foth, 2005). According to the survey data from National Health Commission of China, in 2019, the mental health rate of the elderly in China was only 28.55% (Miao, 2022). At the same time, the Corona Virus Disease 2019 (COVID-19) pandemic has not only brought an unprecedented impact on peoples’ lives, but also widely affected peoples’ risk perception and exacerbated mental health problems (Zhang, 2022). As a tool that can communicate, obtain, and disseminate information across time and space barriers, as well as a platform for interactive e-commerce, work, study, etc., the Internet has played an important role in response to the COVID-19. According to the 49th “Statistical Report on Internet Development in China” released by China Internet Network Information Center (CNNIC) in 2021, the scale of Chinese netizen has reached 989 million, the Internet penetration rate has reached 70.4%, and the proportion of netizen aged 50 and above reached 26.8% (China Internet Network Information Center, 2022). An increasing number of studies have found that there is a significant correlation between Internet use and psychological health such as loneliness, rejection sensitivity, delay, impulsivity and depression level (Caplan, 2002; Davis et al., 2002; Hossin et al., 2022). Therefore, the penetration of the Internet into the middle-aged and older adults’ groups is bound to have a further impact on their mental health. In addition, some studies argue that the use of the Internet can reduce the general life pressure (LaRose et al., 2001; Shaw and Gant, 2004). Life satisfaction, as an overall assessment of an individual’s feelings and attitudes toward current life, is also one of the important protective factors for perceived stress, which can effectively buffer the impact of adverse factors on mental health (Zheng et al., 2019). However, it is unknown whether life satisfaction is a mediator of the relationship between Internet use and mental health. Under the multiple backgrounds of the in-depth development of information technology, the in-depth popularization of public networks, and active aging becoming a global problem, Internet use and mental health problems of middle-aged and older adults need more scholars’ continuous attention and research.

According to the previous literature, high-level Internet use by older adults can be beneficial with higher levels of mental health (Cotten et al., 2014; Forsman and Nordmyr, 2017; Jun and Kim, 2017). The Internet can be served as a channel to improve the mental health of the elderly (Chen and Persson, 2002; Hernández-Encuentra et al., 2009) by motivating them to obtain mental health treatment (Handley et al., 2015), engage in social activities (Sum et al., 2009), and keep in touch with society (Cangelosi and Sorrell, 2014; Hunsaker et al., 2020; Liao et al., 2020). Additionally, in the virtual world, the elderly can obtain psychological satisfaction and spiritual pleasure, and feel a sense of belonging to the society, which thereby enhances their sense of well-being and improves their mental health (Forsman et al., 2018; Hunsaker and Hargittai, 2018). Previous studies have also found that other factors, such as Internet use ability (Sharit et al., 2008), internet accessibility (Cavender and Bigham, 2011), income level (Chekroud et al., 2018), social class (Ihm and Hsieh, 2015), and family support (Xiong and Zuo, 2019), may affect the mental health of older adults when using the Internet as well.

As the Internet continues to infiltrate daily life, the negative impact of Internet use mental health has attracted extensive attention and research, most of which focus on Internet addiction (Bai et al., 2001; Chou, 2001; Young, 2009) or Internet addiction disorder (IAD; Young et al., 1999). Some researchers argue that excessive use of the Internet may occupy the time and energy originally spent on a healthy lifestyle, leading to lack of exercise and unhealthy eating habits, causing obesity, affecting the normal operation of daily activities, and even causing serious physical and psychological damage (Noel and Epstein, 2003; Kim et al., 2010; Jeong et al., 2020). Some other researchers believe that different Internet use purposes are related to different psychological states. Specifically, people who use the Internet for information have lower life satisfaction (Lam et al., 2020). Internet use for health purposes increases risk of depression, which may be due to unnecessary alarms, or excessive attention to health problems (Bessière et al., 2010). Use of the Internet in study, work, and business has little effect on relieving depression (Yang et al., 2021).

While studying the relationship between Internet use and mental health, some scholars investigated how Internet use affects mental health. They found that internet use enables users to achieve higher levels of mental health by enhancing the following mediators including social capital (Lyu and Sun, 2021; Zhu et al., 2021), frequency of physical activities (Zhang and Zhang, 2021), social integration (Weiser, 2001), and self-efficacy (LaRose et al., 2001; Shaw and Gant, 2004) in using the Internet.

To our knowledge, although there is already a lot of literature about the impact of Internet use on mental health, no consensus has been reached. Most studies only focus on whether Internet use has impact on mental health or not, and do not reflect the impact of specific Internet use purposes and Internet use duration on mental health. Moreover, existing studies have mainly focused on the impact of Internet use on the emotional dimension, and less attention has been paid to the cognitive dimension. Fewer studies have investigated the effect of Internet use on mental health in middle-aged and older adults, using life satisfaction as mediator. Based on the Chinese Family Panel Studies (CFPS) from 2018, the present study aims to (1) investigate the impact of Internet use on the mental health in adults aged 45 years and above; (2) explore the differences in the impact of specific purposes and time of Internet use on the mental health; and (3) determine whether life satisfaction mediate the associations between Internet use and mental health.



Materials and methods


Data

The data are derived from the CFPS, a nearly nationwide, comprehensive, longitudinal social survey launched by the ISSS (Institute of Social Science Survey) of Peking University in 2010. The project reflects the changes of Chinese society, economy, population, education and health by tracking and collecting data at three levels: individual, family, and community. CFPS surveyed about 15,000 households from 621 villages/communities in 25 provinces/municipalities/autonomous regions across the country using the “multi-stage probability proportional sampling method,” and interviewed all household members in each sampled household, covering 95% of the population. The CFPS mainly conducted face-to-face interviews aided by computer-assisted personal interviewing (CAPI) technology. In situations where personal interviews were not feasible, computer-assisted telephone interviewing (CATI) technology or computer-assisted Web interviewing (CAWI) technology were used (Xie and Hu, 2015; Xie and Lu, 2015). According to research needs, this paper selects the newer survey data released in 2018.



Variables


Dependent variables

The dependent variable is mental health of middle-aged and older adults. We measure it by using depressed and cognitive function. Depression is a common psychological symptom. Depression level in this study is derived from simplified CES-D scale in CFPS. The abbreviated scale contains eight items from the full CES-D scale: “I am in a low spirit, I find it difficult to do anything, I cannot sleep well, I feel lonely, I feel sad, I feel that I cannot continue with my life, I feel happy, I have a happy life,” and the answers “never (less than 1 day),” “sometimes (1–2 days),” “often (3–4 days),” and “most of the time (5–7 days)” are assigned a value of 1–4 (Among them, the last two items are positive emotions, and the reverse scoring principle is adopted.), the scores of the above questions will be summed up, and the final scores’ value range is 8–32 points. The higher the test score, the higher the depression level. Cognition is the psychological process of obtaining and processing information through sensing, memory, reasoning, and decision-making. Constrained by data availability, literacy-test scores, and math-test scores are used as proxy variables for cognition, and the data came from the cognitive module in the CFPS questionnaire, which administers a literacy-test and a math-test to respondents. The theoretical basis of the test method is the design of the Guttman Scale in psychometrics. In the design of the Guttman Scale, each question can be strictly arranged according to the difficulty of the test questions. According to this order, answering a question correctly means that they can answer all questions that are easier than this question; similarly, answering a question incorrectly means getting all the more difficult questions wrong than this one. In the literacy-test, the interviewer shows respondents 34 Chinese characters from easy to difficult. If the respondents answer three questions incorrectly in a row, the test will be terminated. The sequence position of the most difficult Chinese character that respondents answered correctly determines their final scores. In the math-test, the respondents answered 24 math questions from easy to difficult in sequence. If the respondents answer three questions incorrectly in a row, the test will be terminated. The most difficult objective sequence position that respondents answer correctly determines their scores. In the end, the literacy-test scores range from 0 to 34 points, and the math-test scores range from 0 to 24 points. The higher the score, the stronger the literacy and mathematical calculation skills.



Independent variable

The independent variable is Internet use, which refers to the behavior of using mobile phones, computers, and other modern communication technologies for studying, working, socializing, entertainment, shopping, and other activities. This paper mainly measures the Internet use from three dimensions: ① whether to use the Internet; ② Internet use duration; and ③ Internet use purposes. Among them, whether to use the Internet is measured according to the items “Do you use mobile devices, e.g., mobile phone, tablet PC, to access the Internet (Yes/No)” and “Do you use computers to access the Internet (Yes/No)” in CFPS, if the answer is neither use mobile devices nor use a computer to use the Internet, it is assigned the value as 0, otherwise, assigned as 1. The Internet use duration is measured according to the item “In general, how many hours do you spend online in your spare time each week?.” After deleting the missing and inapplicable values, the Internet use duration of the final sample is 0–70 h per week. Internet use purposes includes whether the respondents use the Internet to study, work, socialize, entertain, and conduct business activities. The answers are “never,” “once per a few months,” “once per month,” “2–3 times per month,” “1–2 times per week,” “3–4 times per week,” and “every day,” if the respondent answers “never,” it is assigned as 0, otherwise assigned as 1.



Mediating variable

The mediating variable is life satisfaction. It is measured by a question in CFPS: “How would you rate your satisfaction with your life,” with the answer scale of 1–5, and higher scores indicate higher life satisfaction.



Covariates

Covariates include the individual’s personal characteristics, socioeconomic status, health status, physical activity, social relationships, and region. Personal characteristics include the individual’s gender, age (45–95 years old), residence, education level (illiterate, primary school, secondary school, and above), and marital status (with and without a spouse). Socioeconomic status includes self-assessed economic status, self-assessed social status, and employment status. The self-assessed economic status and self-assessed social status are scored on a scale of 1–5, with higher scores indicating higher status. The employment status includes three situations: employed, unemployed, and withdrawn from the labor market, among which the employed is assigned a value of 1, and the unemployed and withdrawn from the labor market are assigned a value of 0. Health conditions include chronic diseases and ability to perform daily activities. Chronic disease refers to whether the respondents suffering from chronic disease in the past 6 months, if they do, it is assigned a value of 1, otherwise assigned a value of 0. Activities of daily living are measured by respondents’ independent completion of outdoor activities, meals, kitchen activities, use of public transportation, shopping, cleaning, and laundry, and each activity is scored as 1 point for completion, 0 for failure, and the final scores range from 0 to 7 points, with higher scores indicating better daily activities. Physical activity refers to the number of times respondents exercised in the past week. Social relationships include trust in neighbors, strangers, and personal relationships, each with a score of 0–10, with higher scores indicating higher trust or better personal relationships. According to the division standard of the 2006 China Statistical Yearbook on the three major regions of the eastern, central and western parts of mainland China, the 31 provinces and cities in the mainland are divided into eastern, central, and western regions.




Statistical analysis

The dependent variables in this paper can be approximately regarded as continuous variables, so we first use multiple linear regressions to estimate the impact of Internet use on mental health, so as to obtain a benchmark result. Then we used Rubin’s counterfactual framework as the theoretical basis, divide the sample into treatment group (netizen) and control group (non-netizen), matched similar samples according to propensity score, and calculated the average processing effect of Internet use on mental health, thereby mitigating the effects of endogeneity (D’Agostino, 1998).

Referring to the classic counterfactual framework, this paper sets a binary dummy variable [image: image], where [image: image] means using the Internet, [image: image] means not using the Internet, and the mental health status is recorded as [image: image]. For individual [image: image], his (or her) mental health status exist the following two states that depends on whether he (or her) uses the Internet or not:

[image: image]

In formula (1), [image: image] represents the mental health status of using the Internet, [image: image]represents the mental health status of not using the Internet, and the following formula can be obtained by further converting it into a piece-wise function:

[image: image]

In formula (2), [image: image] represents the processing effect of individual [image: image] use of the Internet.

This paper focuses on the processing effect of using the Internet on the mental health of middle-aged and older adults, so the average processing effect of the treatment group is selected for analysis, and the expression is as following:

[image: image]

In formula (3), [image: image] represents the depression scores or literacy-test scores and math-test scores of the individual using the Internet, [image: image] represents the depression scores or literacy-test scores and math-test scores if the individual does not use the Internet,[image: image] represents the processing effect of the individual using the Internet, and [image: image]represents the difference between the depression scores (or literacy-test scores and math-test scores) of middle-aged and older adults who use the Internet and the depression (or literacy-test scores and math-test scores) if they do not use the Internet. Among them, [image: image] is a counterfactual result, which cannot be observed in reality, and the basic idea of the propensity score matching method is to find a [image: image] that can replace [image: image] to complete the counterfactual estimation.

Secondly, we further analyze the impact of Internet use duration and different Internet purposes on mental health. When analyzing the impact of Internet use duration on mental health, we include Internet use duration and its quadratic term in the linear model for regression, and combine the U-test method to test the U-shaped relationship between Internet use duration and mental health.

Finally, we select the stepwise test regression coefficient method and the bootstrap method to further verify the mediating role of life satisfaction in the process of Internet use affecting mental health (Wen and Ye, 2014). The mediation test model is set as follows:

[image: image]

[image: image]

[image: image]

In formula (4), (5), and (6), [image: image] is the same as described above. [image: image] represents the dependent variables. [image: image] represents the independent variables.[image: image] is the mediating variable life satisfaction, [image: image] is the total effect of using the Internet on depression or literacy-test scores and math-test scores, [image: image] is the direct effect, [image: image] is the relationship between Internet use and life satisfaction, [image: image] is the mediating effect, [image: image], [image: image], and [image: image] are the error terms.




Results


Sample description

Table 1 reports the descriptive statistics of the main variables and differences in Internet usage in this study. As can be seen from the table, this study obtained a total of 14,497 middle-aged and older adults’ samples, including 3,906 samples from netizen and 10,591 samples from non-netizen. Netizen spend an average of 10.60 h a week on the Internet in their spare time. The proportion of netizen who use the Internet to socialize interaction and entertain is the highest, followed by use the Internet to study and business activities, and the lowest proportion of work. The mean scores of depression scores and life satisfaction in the netizen group are lower than those in the non-netizen group, while the scores on the literacy-test and math-test are higher than those in the non-netizen group. In terms of gender distribution, the proportion of males in the netizen group is higher than that of the non-netizen group. In terms of age, the average age of the netizen group is significantly lower than that of the non-netizen group. In terms of place of residence, most of the netizen group are urban population, while most of the non-netizen group are rural population. In terms of education level, the proportion of illiterate people and primary school education in the netizen group is lower than that of the non-netizen group, but the proportion of middle school and above is significantly higher than that of the non-netizen group. In terms of marital status, the netizen group has a higher proportion of spouses. In terms of socioeconomic status, the self-assessed economic status and self-assessed social status of the netizen group are significantly lower than those of the non-netizen group. In terms of employment status, the proportion of netizen who have jobs is higher. In terms of health status, the netizen group has a higher prevalence of chronic diseases, but also has a higher average score on daily activities. In terms of exercise situation, the average frequency of physical exercise in the netizen group is higher. In terms of social relations, the netizen group has higher trust in strangers, but lower trust in neighbors and poorer personal relationships. From the perspective of regional distribution, both the netizen group and the non-netizen group are the majority of the eastern population.



TABLE 1 Sample description.
[image: Table1]



Relationship between Internet use and mental health

The depression scores, literacy-test, and math-test scores are included in the multivariate linear model for regression analysis, respectively. As shown in Table 2, the goodness of fit of each model is very good (R2 were, respectively, 0.17, 0.56, and 0.48), and the joint significance of the regression coefficient is also very high (Prob>F = 0.00). This suggests that individual depression scores, literacy-test and math-test scores are all well predicted by Internet use, controlling for other variables. From the results in Table 2, Internet use has a significant impact on depression scores, literacy-test scores, and math-test scores: middle-aged and older adults who use the Internet have lower depression scores, while literacy-test scores and math-test scores are higher. And through comparison, we can find that the impact of Internet use on the scores of the literacy-test (coefficient = 3.88) and the scores of the math-test (coefficient = 1.63) is much greater than that of depression scores (coefficient = −0.26).



TABLE 2 Relationship between Internet use and mental health.
[image: Table2]

In addition to Internet use, some covariates also significantly affect the mental health of middle-aged and older adults. Men score lower on depression and higher on literacy-test and math-test than women. Older age is associated with lower depression scores, as well as lower literacy-test and math-test scores. Urban middle-aged and older adults have lower depression scores than rural middle-aged and older adults, and higher scores on literacy-test and math-test. Middle-aged and older adults with a primary and secondary education or higher had lower depression scores than illiterate middle-aged and older adults, and higher scores on literacy-test and math-test. Middle-aged and older adults with spouses score lower on depression and higher on literacy-test and math-test. Middle-aged and older adults with higher self-assessed economic and social status have lower depression scores, but also lower scores on literacy-test and math-test. Middle-aged and older adults with jobs score higher on depression and on literacy-test. Middle-aged and older adults with chronic illnesses score lower on depression, as well as on literacy-test and math-test. Middle-aged and older adults with better daily activities had lower depression scores and higher scores on literacy-test and math-test. Physical activity frequency has a significant negative effect on depression scores and a positive effect on literacy-test and math-test scores. Middle-aged and older adults with higher frequency of physical activity have lower depression scores and higher scores on literacy-test and math-test. Middle-aged and older adults with higher trust in their neighbors have lower depression scores and higher math-test scores. Middle-aged and older adults with higher trust in strangers have higher depression scores and higher math-test scores. Relationships have a significant negative effect on depression scores, but have no significant effect on literacy-test and math-test scores. The better the relationship, the lower the depression scores. Middle-aged and older adults in the East and West score lower on depression and higher on literacy-test and math-test.



PSM analysis of Internet use and mental health

The first step of the propensity score matching is to obtain the key basis for matching, that is, the propensity score of respondents for choosing to use the Internet. This paper uses the logit model to estimate the propensity scores of respondents to use the Internet. Next, the matching effect test and the common support test are carried out. The sample matching results show that after matching, the absolute value of the standardized deviation of the variables is less than 10% (Rosenbaum and Rubin, 1985), The t-values are significant before matching, but not significant after matching. The above results show that there is no systematic difference between the post-matching treatment group and the control group, which effectively solves the endogeneity bias caused by the sample selection bias. As shown in the comparison chart of nuclear density distribution in Figure 1, before matching, the nuclear density equation curves of the treatment group and the control group are quite different. After matching, the difference between the nuclear density equation curves of the treatment group and the control group decrease, and the trends tend to be consistent. It can also be seen from Figure 2 that most of the samples are successfully matched, and they are all matched within the common value range, which indicate that the matching quality is good. Since the results of radius matching, kernel matching, and k-nearest neighbor matching methods are not much different. Due to space limitations, only the results of k-nearest neighbor matching are given here. Finally, the processing effects of Internet use in middle-aged and older adults on their depression scores, literacy-test scores, and math-test scores are calculated.

[image: Figure 1]

FIGURE 1
 Kernel density distribution before and after matching.


[image: Figure 2]

FIGURE 2
 Common support hypothesis test.


Table 3 reports the results of treatment effect calculated by propensity score matching. The results show that after controlling for endogenous bias, the effect of Internet use on depression scores, literacy-test scores and math-test scores is still very significant. The computation results using the three methods of k-nearest neighbor matching, radius matching, and kernel matching show that the processing effect of using the Internet on depression scores is from −0.29 to −0.33, and the processing effects on literacy-test scores and math-test scores are from 3.60 to 3.68 and from 1.72 to 1.73 respectively, which proves that the use of the Internet can reduce depression level to a certain extent, and improve the ability of literacy and mathematical computation.



TABLE 3 PSM analysis of Internet use and mental health.
[image: Table3]



Further analysis


Relationship between Internet use duration and mental health

From the results reported in Table 4, when depression score is the dependent variable, after including the quadratic term of Internet use duration, the coefficient of the first term of Internet use duration is still negative and significant, while the coefficient of the quadratic term is positive and significant. When literacy-test and math-test scores are used as dependent variables, after including the quadratic term of Internet use duration, the coefficient of the first term of Internet use duration is still positive and significant, while the coefficient of the quadratic term is negative and significant. The above results show that there is a U-shaped relationship between Internet use duration and depression, and an inverted U-shaped relationship between higher scores in literacy-test and math-test. However, it is too weak to judge whether it is a U-shaped only by the positive or negative of the quadratic coefficient. When the real relationship is convex and monotonic, the model estimation will erroneously generate an extreme point and a U-shaped relationship (Lind and Mehlum, 2010). Therefore, we continued to use the U-test invented by Sasabuschi, Lind and Mehlum to verify the relationship between Internet use duration and depression scores, literacy-test scores and math-test scores (Sasabuchi, 1980; Haans et al., 2016).



TABLE 4 Relationship between Internet use duration and mental health.
[image: Table4]

As shown in Table 5, the U-test test results of Internet use duration and depression score show that the upper and lower bounds of Slope are positive and negative, respectively, and the extreme point is 26.34, which is between the upper and lower bounds. The value of p for overall test of presence of a U shape is 0.004, which significantly reject the null hypothesis, so there is a U-shaped relationship between the duration of Internet use and depression scores. The U-test results of Internet use duration and literacy-test scores show that Slope is positive and negative at the upper and lower bounds, respectively, and the extreme point is 32.85, which is between the upper and lower bounds. The value of p for overall test of presence of a U-shape is 6.52e-18, which significantly reject the null hypothesis, so there is an inverted U-shaped relationship between the Internet use duration and the literacy-test scores. The U-test results of Internet use duration and math-test scores show that Slope is positive and negative at the upper and lower bounds, respectively, and the extreme point is 31.25, which is also between the upper and lower bounds. The value of p for overall test of presence of a U-shape is 1.02e-20, which significantly rejected the null hypothesis, so there was an inverted U-shaped relationship between Internet use duration and the math-test scores.



TABLE 5 U-test.
[image: Table5]



Relationship between Internet use purposes and mental health

From the estimated results in Table 6, the results of the three matching methods all show that use the Internet for entertaining and business activities has a significant impact on depression scores. Middle-aged and older adults who use the Internet for entertaining and business activities have lower depression scores than those who do not use the Internet for entertaining or business activities. However, the use of the Internet for studying, working, and social interaction has no significant effect on the depression scores. In contrast, use of the Internet for studying, working, social interaction, entertaining, and business activities is significantly associated with both literacy-test and math-test scores at the 1% level. Middle-aged and older adults who use the Internet for studying, working, social interaction, entertaining, and business activities have higher scores on literacy-test and math-test.



TABLE 6 Relationship between Internet use purposes and mental health.
[image: Table6]




Mediating effect of life satisfaction

Table 7 reports the results of analyzing the mediation effect using a two-step regression method (Zhao et al., 2010). The first step is to analyze the relationship between Internet use and life satisfaction. The results show that the use of the Internet significantly reduces the life satisfaction of middle-aged and older adults (the coefficient was −0.04). The second step is to add depression score, literacy-test score and math-test score as explained variables into regression model to analyze the relationship between independent variables, mediator variables and dependent variables. The results show that the coefficients of Internet use and life satisfaction are very significant, and the indirect effect values obtained by calculating the multiplication of coefficients are all positive numbers (respectively: 0.01, 0.01, and 0.01), indicating that the mediating effect is significant. However, the direct effect (−0.91) of Internet use on depression scores has the opposite sign to the indirect effect, that is, the nature of the mediating effect here is “masking effect” (MacKinnon et al., 2000), while the direct effect on literacy-test and math-test scores has the same sign as the indirect effect, that is, there are some intermediaries. To test the robustness of the above results, we use the bias-corrected nonparametric percentile bootstrap method to calculate the 95% confidence interval (Bias-corrected 95% CI) to further verify the mediation effect. As shown in Table 8, the 95% confidence interval after bias correction does not include 0, and the coefficient product is significant, so there is a mediating effect (Preacher et al., 2007; Preacher and Hayes, 2008). That is, life satisfaction has a masking effect between Internet use and depression scores, and there is a partial mediation between Internet use and literacy-test scores and math-test scores. This is consistent with the results obtained by the stepwise test coefficient method.



TABLE 7 Mediating effect of life satisfaction.
[image: Table7]



TABLE 8 Mediating effect of life satisfaction.
[image: Table8]




Discussion

Based on the 2018 CFPS survey data, this study comprehensively used multiple linear regression, PSM, stepwise test coefficient method and bootstrap method to explore the impact of Internet use on the mental health of middle-aged and older adults in China and its mediating effect. The results found that, compared with never using the Internet, moderate use of the Internet can significantly reduce the level of depression in middle-aged and older adults, promote their cognitive function, and improve their mental health, which is consistent with previous research findings. Using the Internet can enable middle-aged and older adults to obtain health knowledge and network services (Cohall et al., 2011; Zhao and Liu, 2020), relieve their loneliness (van Boekel et al., 2017; Zhaoran et al., 2017) and depression level, thereby improving their mental health. But excessive internet use will negatively impact the mental health. Previous studies also believe that with the increase of Internet use duration, the user’s social participation and mental health level gradually decreased, and the level of loneliness, depression and psychological cognitive burden gradually increased (Kraut et al., 1998; Jung et al., 2016). Excessive use of the Internet can also effectively predict individual psychosocial health such as loneliness, rejection sensitivity, delay, and impulsivity (Caplan, 2002; Davis et al., 2002; Hossin et al., 2022). In-depth analysis also found that online socializing, entertainment and business activities have a significant alleviating effect on the level of depression, but online study and work did not have a significant impact on the level of depression. Because playing online games, watching short videos, listening to music and other online entertainment activities and online business activities such as shopping can bring direct and high-frequency mental stimulation to middle-aged and older adults, as well as instant audio-visual satisfaction, so that they can quickly vent their emotions and release pressure (Liu et al., 2013; Jung and Kim, 2016). Online study, work, social interaction, entertainment and business activities all contribute to the cognitive function. Because these processes usually require users to continuously process information and maintain thinking activities, which will have an effect on their thinking, memory, attention and emotional regulation (Wilmer et al., 2017). Overall, the above results indicate that different purposes of Internet use and time spent online are related to different psychological states. When considering the impact of Internet use on mental health, it is necessary to assess how differences in different purposes of Internet use and time spent online moderate this effect.

In addition, we used life satisfaction as a mediating variable, and used the stepwise test coefficient method and bootstrap test to analyze its mediating effect on the relationship between Internet use and depression level, literacy ability, and mathematical calculation ability. Unexpectedly, life satisfaction partially suppressed the effect of Internet use on depression and partially mediated the effect of Internet use on literacy and mathematical numeracy. The reason for the above effect may be that (1) Internet use blurs the class cognition of middle-aged and older adults’ groups through reference objects and online language, which makes them feel relatively deprived in social comparison, reduces their subjective class identity (Senik, 2011; Feng and Liu, 2022), and affects their lives (Austin et al., 1977); (2) The “risk amplification effect” and “replacement trauma effect” of the Internet will affect users’ social risk perception (Xu and Lai, 2021), resulting in negative social psychological effects to a certain extent (Schiffrin, 2015; Gimpelson and Treisman, 2018); (3) Internet use may also reduce the social scale of middle-aged and older adults (Senik, 2011) and reduce social trust (Sabatini and Sarracino, 2017), resulting in low life satisfaction. And lower life satisfaction tends to imply greater perceived stress, which predisposes to higher depression levels and predisposes respondents to demonstrate high levels of concentration and concentration on literacy-test and math-test (Strauss and Allen, 2009; Schücker et al., 2013), resulting in higher scores.



Conclusion and limitation

In general, moderate use of the Internet can significantly relieve depression in middle-aged and older adults and help them maintain cognitive function. However, excessive use of the Internet will also lead to an increase in depression levels and a decline in cognitive function, and different purposes of the Internet will lead to different results. In addition, Internet use reduces life satisfaction, and thus has an impact on mental health.

The contribution of this study is to explore the influence of Internet use and its purpose and duration on different dimensions of mental health, enriching the related research on Internet use and mental health, and has important theoretical significance. In addition, the trend of China’s aging society is becoming more and more serious, and the current digital divide has become a new problem that hinders the elderly from integrating into the new digital life and enjoying their old age. Based on the concept and intention of active aging, this study explores the impact of Internet use on the mental health of the elderly, which will help to provide empirical reference for the formulation of relevant policies, so as to better use network resources to improve the mental health of middle-aged and older adults. Therefore, this study also has important practical significance. The limitations of this study are: on the one hand, in order to meet the overall research needs, the data used in this paper are cross-sectional data in 2018, the Internet usage and mental health status of middle-aged and older adults may be slightly different from the current ones. It is also impossible to estimate trends in mental health with changes in Internet usage from cross-sectional data. On the other hand, the purpose of using the Internet in this article only involves studying, working, socializing, entertaining and conducting business activities, and may omit some other purposes of using the Internet. Therefore, it is expected that the following scholars can draw different results and analyses based on updated longitudinal survey data and more complete variable measurement.
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