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Abstract

:

One of the most significant public health issues in rural China is how to improve the mental health of middle-aged and older individuals. Using 2013, 2015, and 2018 CHARLS panel data, this paper properly examined the effects of Internet use on the mental health of middle-aged and elderly people in rural China based on the difference-in-differences method. The findings are as follows: (1) Internet use effectively improves the mental health status of middle-aged and elderly people in rural China; (2) compared to the middle-aged group, Internet use has a more obvious effect on the mental health of the elderly; (3) further analysis showed that reading news, watching videos, and playing games online could significantly improve the mental health status of middle-aged and elderly people in rural China, while chatting online and other Internet activities cannot significantly improve mental health status; and (4) playing games, watching videos, and reading news have different effects on the mental health of middle-aged and elderly people in rural China. The results indicate that playing games have a better effect on depression levels than watching videos. In contrast, watching news had the lowest effect on depression levels among middle-aged and elderly people in rural China. The results of this study also show the latest evidence that Internet use can help China’s rural middle-aged and elderly populations to reduce social isolation, establish new social connections, gain social support, and, ultimately, achieve active ageing. Therefore, promoting multiple forms of interaction is an effective path to prevent loneliness, which has become the new policy direction of the government to create an age-friendly Internet environment using various measures in the future to eliminate the barriers to Internet access affecting the middle-aged and elderly in rural China.
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1. Introduction


Health is the basis for active ageing among the elderly. According to the definition of health created by the World Health Organization (WHO), “health is a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity” [1]. As an essential and integral part of health, mental health is one of the important focuses of public health. During economic and social transition periods, urbanization, and mass migration, the polarization of income and wealth as well as low levels of social security have contributed to widespread anxiety and poor mental health, especially for the elderly in rural China. The findings of the Annual Report on Elderly Health in China show that more than 30% of the elderly have a high risk of depression, and the elderly in rural areas have a higher risk of depression [2]. The poor mental health status of the rural elderly is also reflected in the suicide rate of the rural elderly group, which is much higher than urban and other age groups [3].



There are many factors affecting the mental health of the elderly in rural China. The departure of young people from rural areas during the modernization process is often considered a key factor contributing to the poor mental health status of the elderly in rural China [4]. Different from Western society, support from one’s children is one of the important pillars for the survival of the elderly in rural China under the long-term influence of traditional filial culture [5]. As large numbers of young people leave the countryside for cities, it is harder for the rural elderly to receive support from their children, which inevitably affects the traditional security system, and the mental health of the rural elderly is also affected. A great deal of previous research into how to improve mental health among the elderly in rural China has focused on support from one’s children. For example, Shen and Zhang argue that grandchildren’s caregiving frequency was negatively associated with depressive symptoms [6]; Xu suggests that living with children is beneficial to the mental health of the rural elderly [7]. He maintains that financial support from one’s children and emotional support had a significant positive impact on the mental health of the elderly [8]. Yoh indicates that intergenerational programs, such as the company of children and financial support children, could serve as key health promoters among elderly people by decreasing the risk of social isolation and loneliness due to a greater sense of meaningfulness [9].



However, these studies still regard financial support from one’s children as well as their company and ability to provide care as necessary ways to improve the mental health of the elderly in rural China [10], which is not achievable, and the decline of support from one’s children is a mainstream trend. Therefore, some scholars have begun to seek other ways to improve the mental health of the elderly in rural China. Better social services [11,12], social security [13,14], and environments that are conducive to healthy ageing [15,16,17] are considered to be important factors in improving the mental health of the elderly [18]. The proliferation of smartphones and the Internet has also provided a new opportunity to improve the mental health of elderly people. The China Statistical Report on Internet Development indicates that the Internet coverage rate in China has increased rapidly in the past five years. Specifically, the Internet popularity rate in China was only 53.2% in 2016, but it increased rapidly to 73% in 2021. The proportion of Internet users aged 60 and above has also increased rapidly, from 4% in 2016 to 11.5% in 2021 [19,20]. Additionally, several studies have begun to examine the effects of Internet use on the mental health of elderly people.



Older people can improve their mental health by finding entertainment and making friends through the Internet. Some previous studies have shown that surfing the Internet can effectively improve the mental health status of the elderly in rural China. Li points out that rural adults can find a large amount of health information, increase their social interaction, and maintain physical exercise to improve their health by using the Internet [21]; using national data from the China Family Panel Study in 2016 and the propensity score-matching approach, Wang suggests that older adults who reported that used the Internet have lower depression levels than those who do not use the Internet and that it is critical to advocate for technology-based policies and programs that promote older adults’ Internet use to improve their social well-being [22]. Lyu studied 7193 older adults aged 60–95 years old and found that Internet use was positively associated with the self-assessed health of older adults, and social capital was an important mediating variable [23]. However, other studies suggest that Internet use not only does not improve mental health in older adults, but even worsens it because increased time spent online erodes elderly people’s social interactions and leads to a reduction in social participation, a narrowing of social circles, and a weakening of the sense of community belonging and networks of friends. Xie’s study found that Internet use increased the risk of depression in older adults, and further heterogeneity analysis reveals that the negative effects on mental health are more evident for specific groups of older adults, such as those who are women, younger and middle-aged, high-income, non-rural Hukou, less educated, and living with others [24]. Baker and Algorta emphasize that some Internet behaviors such as negative interactions and social comparisons may exacerbate the rebellion of some Internet users against mainstream social values, promote loneliness and alienation, and cause indifference and fear [25].



The exploration of these studies strongly supports the continuation of this study, but there are also some shortcomings. This study argues that the different research samples and the limitations of research methods have contributed to the inconsistency of these studies: First of all, cross-sectional data are mostly used for OLS regression analysis to examine the relationship between Internet use and the mental health status of the elderly. However, in addition to Internet use of the elderly, other conditions, such as the overall improvement of the social environment, will also improve the mental health status of the elderly, which cannot solve many endogeneity problems. Secondly, some studies have tried to use panel data to investigate the impact of Internet access on the mental health of the elderly. However, due to the limited number of samples and the limitations of the database itself, the results that have been obtained are not convincing [26]. Fortunately, CHARLS data provide a better natural experiment when combined with the multiphase DID method, which can solve the problem of an insufficient sample size of elderly participants and eliminate endogenous problems caused by missing variables. There can be more scientific and standardized exams on the impact of Internet use on China’s rural elderly mental health. In addition, the mental health of some rural middle-aged people who are about to enter the elderly demographic is also worthy of attention, so this paper further expands the scope of the research sample. We try to answer whether Internet access can improve the mental health status of rural middle-aged and elderly people. Furthermore, this study examines the effects of different online activities, such as chatting, playing games, and watching the news, on the mental health of the rural elderly.




2. Materials and Methods


2.1. Samples and Data Sources


This study used panel data from the China Health and Retirement Longitudinal Study (CHARLS) collected in 2013, 2015, and 2018. CHARLS is a nationally representative database of Chinese residents aged 45 and older sponsored by the National Development Research Institute of Peking University and co-organized by the China Social Science Research Center of Peking University and is the most popular database for studying the health of middle-aged and elderly people in China. The baseline data in CHARLS were collected in 2011 and include about 10,000 households and 17,500 individuals from 150 counties/districts and 450 villages/resident committees [27]. The 2013 sample covered 10,606 households and 18,311 respondents, of which 6347 households and 10,995 respondents were from rural areas. The 2015 sample covered 12,058 households and 20,860 respondents, of which 7187 households and 12,452 respondents were from rural areas. The 2018 sample covered 11,510 households and 19,670 respondents, of which 6866 households and 11,749 respondents were from rural areas [28]. The sample is restricted to exclude respondents with key missing values for “Internet use” and “mental health” covered in the model, and respondents who had previously participated in the survey were also excluded. The final estimating sample consists of 29,909 observations from 237 villages in rural eastern, central, and western China collected between 2013 and 2018.




2.2. Model Construction


The most direct way to examine the impact of Internet use on the mental health of middle-aged and elderly people in rural China is to compare mental health levels before and after Internet use. However, this approach is also affected by endogenous issues such as economic development and environmental change. To eliminate the interference of various endogenous factors, this paper refers to Beck’s research and adopts the difference-in-differences (DID) method [29]. The key of the DID method is to find a control group, treatment group, and a corresponding intervention measure. In this paper, we identified middle-aged and elderly people who used the Internet as the treatment group and those who did not use the Internet as the control group. Internet use is the intervention. Therefore, the mental health levels of the middle-aged and elderly people in the control group were not affected by Internet use. Figure 1 illustrates the rationale for the DID method. In Figure 1, the net effect of Internet use on improving the mental health of middle-aged and elderly people in rural China is Y4 − Y3. Y3 − Y2 is the improvement in mental health caused by endogenous factors such as improved living standards and environment that do not belong to the intervention effect of Internet use. In reality, however, we can only observe the effect of Y4 − Y2 after Internet use, and the effect of endogenous factors such as environmental improvement is wrongly included, so the obtained effect of Internet intervention is biased. According to the DID method, the improving effect of unobservable endogenous factors such as environmental improvement can be replaced by the control group, that is, (Y3 − Y2) = (Y1 − Y0). Therefore, the net effect of Internet use is obtained through (Y4 − Y2) − (Y1 − Y0).



The empirical model for the DID method is expressed as:


   M e n t a l   h e a l t  h  i t     =  α 0    +  β 1  D I  D  i t     +  β 2   Z  i t  ′    +  γ i    +  λ t    +  ε  i t     



(1)




where   M e n t a l   h e a l t  h  i t     denotes the mental health of the No.i observation at time t;    α 0    is a constant term;   D I  D  i t     is the independent variable, and specifically,   D I  D  i t     =   T r e a  t i    ×   T i m  e t   ,   T r e a  t i    is a dummy variable that takes a value of 1 if observation i belongs to the treatment group;   T i m  e t    is also a dummy variable of time before or after Internet use; therefore,    β 1    indicates the pure effect of Internet use on mental health. To ensure the effectiveness of the DID results, we control several factors that are likely to affect the mental health of middle-aged and elderly people in rural China, as represented by    Z  i t  ′   .    γ i   , which are individual fixed effects that simply control for omitted variables that vary among individuals, but not across time;    λ t    are time-fixed effects and allow bias to be eliminated from the unobservable variables that change over time but that are constant over entities, and it controls for factors that differ across entities but that are constant over time [30];    ε  i t     is the error term.




2.3. Variables and Operation


2.3.1. Internet Use


The 2013, 2015, and 2018 surveys all asked respondents “have you used the Internet in the last month?”. Respondents answered “yes” or “no”, with “yes” being assigned a value of 1, and “no” being assigned a value of 0. In this study, respondents who answered “yes” were set as the treatment group, and those who answered “No” were set as the control group. In the 2018 survey, the respondents were further asked “What do you usually do on the Internet?” There are five options in the questionnaire, including chatting, watching the news, and watching videos, which provide the possibility to further explore how different Internet activities affect the mental health of middle-aged and elderly people in rural China.




2.3.2. Mental Health


Mental health is a dependent variable. The international and universal “Center for Epidemiological Survey, Depression Scale” (CES-D) was used to measure the mental health levels in the CHARLS data. There are 10 questions in the CES-D that reflect the mental health of the elderly. Two questions reflect a positive mental health status: “I felt hopeful about the future” and “I was happy”. Additionally, the remaining eight are negative indicators: “I was bothered by things that do not usually bother me”, “I had trouble keeping my mind on what I was doing”, “I felt depressed”, and so on. Each question has four answers: “rarely or none of the time”, “some or a little of the time”, “occasionally or a moderate amount of the time”, and “most or all of the time”, which are represented by the values of 0~3, and the two positive questions were assigned in the reverse direction. The values of the 10 questions were summed to reflect the mental health status. The higher the value, the worse the mental health status of the elderly and the more serious the depression tendency.




2.3.3. Control Variables


According to previous studies on the factors that influence mental health [31,32], this paper selected control variables from two aspects: individual characteristics and family characteristics. The variables for individual characteristic include age, gender, marital status, education level, frequency of contact with children, taking care of grandchildren, pension, and chronic diseases. The variables of family characteristics include family economic level and family size. All the control variables are defined in Table 1.






3. Results


3.1. Descriptive Analysis


The summary statistics are listed in Table 2 and cover the number of observations, means, and standard deviations across 2013, 2015, and 2018. Table 2 also lists the means of the variables divided between the treatment group for Internet use and the control group. Firstly, the mental health level of the treatment group is significantly better than that of the control group. Secondly, the age of the treatment group was significantly lower than that of the control group, and the prevalence of chronic diseases was also lower in the treatment group than in the control group. In addition, the education level and consumption level of the treatment group were significantly higher than they were in the control group. However, there was little difference between the treatment group and the control groups regarding marital status, frequency of contact with children, care for grandchildren, pension, and family size.




3.2. DID Estimation


As shown in Table 3, column (1) is the average treatment effect (ATE) result estimated by the panel DID model. Columns (1) and (2) of Table 3 control for both individual and time-fixed effects to eliminate some endogeneity issues that vary over time and across individuals. According to the results of column (1), the coefficient of the interaction term of the DID model was −1.304, with a significance value of 1%, which indicates that Internet use effectively improved the mental health level of middle-aged and elderly people in rural China. The goodness of fit (R2) of the DID model was 0.687, and the adjusted R2 was 0.502, indicating that the explanation level of the DID model is very good. The F value of the DID model is 10.83, which indicates that the DID model is very significant. Moreover, in column (2), the results are still robust after the addition of other control variables, and the coefficient of the interaction term of the DID model was −1.320, with a significance value of 1%. In terms of control variables, a high frequency of meetings or contact with children effectively improved the mental health status of middle-aged and elderly people in rural China. However, the coefficient of suffering from chronic disease is 0.636, with a significance value of 1%, which indicates that suffering from chronic diseases had a positive leading effect on the depression level of middle-aged and elderly people in rural China. The goodness of fit (R2) of the DID model after the control variables were added was 0.685, and the adjusted R2 was 0.503, which is very similar to column (1). The F value of the DID model is 5.024, which indicates that the DID model is very significant.




3.3. Heterogeneous Effect


Table 4 further demonstrates the impact of Internet use on the mental health levels of two different groups of middle-aged and elderly people in rural China. The results of column (1) show, where there are no control variables, that the mental health level of middle-aged adults in rural China is negatively associated with Internet use and is statistically significant at the 1% level. When control variables are covered in the regression equation, the regression coefficient value of (Treat × Post) will be up-regulated from −1.199 to −1.209, remaining robust and statistically significant at the 1% level (column (2)). The results of columns (3) and (4) show that Internet use has the same effect on the mental health of the elderly as that of the middle-aged. Firstly, the results of columns (3) show that where there are no control variables, the mental health level of elderly people in rural China is negatively associated with Internet use and statistically significant at the 5% level. Secondly, when control variables are covered in the regression equation, the regression coefficient value of (Treat × Post) will be up-regulated from −3.368 to −3.433, which remains robust and statistically significant at the 5% level (column (4)). In addition, comparing the results of column (2) and column (4), it is found that Internet use has a better effect on the mental health of the elderly than that of middle-aged people.




3.4. Further Analysis


The results of previous empirical studies show that Internet use has a significant effect on the mental health of middle-aged and elderly people in rural China and that the depression levels of middle-aged and elderly people in rural China have decreased significantly. However, many activities can be completed online, such as chatting, reading news, watching videos, and playing games, among others. What online activities are related to the improved mental health of middle-aged and elderly people in rural China? In other words, different online activities may lead to different mental health levels, which is why previous studies determining the effects of Internet use on the mental health of middle-aged and elderly people in rural China have produced different results. To test the impact of different online activities on mental health levels, this paper adopted the difference-in-difference-in-difference (DDD) method to conduct further empirical analysis [33]. The model is set as follows:


   M e n t a l   h e a l t  h  i t     =  α 0    +  β 1  D I  D  i t       ×   IA +  β 2   Z  i t  ′    +  γ i    +  λ t    +  ε  i t     



(2)







The only difference between Formulas (1) and (2) is that the IA (Internet activity) option is added, which includes chatting, reading news, watching videos, playing games, and activities. Chat activities are indicated by the question “have you been chatting online in the past month?”. Respondents answered “yes” or “no”, with “yes” being assigned a value of 1 and “no” being assigned a value of 0. Using this method, online news consumption is indicated by the question “have you been reading news online in the past month?”. Respondents answered “yes” or “no”, with “yes” being assigned a value of 1 and “no” being assigned a value of 0. Whether the respondents watched videos online was indicated via the question “have you been watching videos online in the past month?”. Respondents answered “yes” or “no”, with “yes” being assigned a value of 1 and “no” being assigned a value of 0. Whether or not the respondents played games online or not was indicated with the question “have you been playing games online in the past month?”. Respondents answered “yes” or “no”, with “yes” being assigned a value of 1 and “no” being assigned a value of 0. Participation in other online activities was indicated with the question “have you been doing other activities online in the past month?”. Respondents answered “yes” or “no”, with “yes” being assigned a value of 1 and “no” being assigned a value of 0.



Table 5 shows the regression results of the impact of different online activities on the mental health of middle-aged and elderly people in rural China. In column (1), the coefficient of the interaction term Treat × Post × Chat) in the DDD model is −0.480, but it is not significant, indicating that chatting online cannot improve the mental health level of middle-aged and elderly people in rural China. In column (2), the coefficient of Treat × Post × News is −1.126, which is significant at the 10% level, indicating that reading news online can significantly improve the mental health of middle-aged and elderly people in rural China. In column (3), the coefficient of Treat × Post × Videos is −1.735, which is significant at the 5% level, indicating that watching videos online can significantly improve the mental health level of middle-aged and elderly people in rural China. In column (4), the coefficient of Treat × Post × Games is −2.852, which is significant at the 1% level, indicating that playing games online can significantly improve the mental health of middle-aged and elderly people in rural China. In column (5), the coefficient of Treat × Post × Others (0.204) is not significant, indicating that other forms of online activities do not affect the mental health level of middle-aged and elderly people in rural China. The goodness of fit (R2) of the DDD model was 0.684, and the adjusted R2 was 0.503, indicating that the explanation level of the DDD model is very good. The F values of this DDD model are close to 5, which indicates that the DID model is very significant.





4. Robustness Test


4.1. Pre-Tend Test


The key hypothesis identified from the panel DID is that the treatment group and the control group show the same development trend before the policy was implemented. In other words, if the development trend is different, it means that other factors may affect the changes in the dependent variables. To this end, this paper draws on existing methods to test the parallel trend between the treatment group and the control group [34,35]. The specific model is set as follows:


   M e n t a l   h e a l t  h  i t     =  σ 0    +   ∑   s = − 2 +   2 +    σ s  D I  D s    +  β 2   Z  i t  ′    +  γ i    +  λ t    +  ε  i t     



(3)







In Equation (3),    σ s    is the estimated coefficient of concern in this paper, which shows the difference in time trend between the treatment group and the control group; DID is a dummy variable; and S represents the time window when middle-aged and elderly people in rural China received Internet access. When S is positive, it represents the s year after receiving Internet access. When s is negative, it means the s year before Internet access. The value of DID is only 1 in year S and is 0 in other years. It is worth noting that S =−2 (the first two years during which middle-aged and elderly people are online) is set as the base year. Other variables are consistent with Formula (1). Figure 2 shows the estimation results of Equation (3). It can be found from Figure 2 that the estimated coefficient of the mental health level of middle-aged and elderly people in rural China is not significant in all periods before they go online. After Internet access, the alleviating effect of Internet access on the depression of middle-aged and elderly people in rural China gradually emerged and showed a downward trend year by year.




4.2. Placebo Effect Test


Another possible cause of estimation bias is omitted variables. Referring to the research of Cai [36] and La Ferrara [37], this study randomly selected middle-aged and elderly people in rural China from the sample to conduct a placebo test on the main results of this paper. Accordingly, we randomly selected 842 individuals from 27,242 middle-aged and elderly individuals and set them as the “virtual” online observation, which was affected by Internet use, and set the remaining individuals as the observation not affected by Internet use. A dummy variable   T r e a  t i  F a l s e     for the placebo test and a cross term   T r e a  t i    ×   P o s  t t    for the placebo test were constructed accordingly. Since the “dummy” treatment group was randomly generated, the placebo test cross-term should not have a significant effect on the dependent variable, that is, βfalse = 0. If the estimated coefficient of βfalse deviates from zero statistically significantly, it indicates that there is identification bias in the model set. At the same time, to avoid the interference of other small probability events on the estimation results, we repeated the above process 500 times for regression analysis. Figure 3 shows the coefficients of kernel density of estimates and the distribution of corresponding p-values for the treatment group of 500 random generations. The mean value of the regression coefficient is close to 0 (coefficient is 0.017), and most p values are greater than 0.1. The actually estimated coefficients represented by the vertical bars in Figure 3 are outliers in the estimated coefficients of the placebo test, and the estimated results are not seriously biased by the omitted variables.





5. Discussion


Different from previous studies, this paper examines the effects of Internet use on the mental health of middle-aged and elderly people in rural China through a quasi-natural experiment. The study found that Internet use significantly improved mental health and reduced depression levels among middle-aged and elderly people in rural China, which is consistent with many previous studies [38]. Compared to the middle-aged group, Internet use has a better effect on the mental health of the elderly. The possible reason for this result is that the middle-aged group has a broader social network and can obtain more social support and social connections through employment and other means, while the elderly group has fewer ways to maintain social connections and to receive social support. Due to the decreasing intergenerational support in real life, the Internet has become a key channel of spiritual support for the elderly. Further research has shown that watching news, watching videos, and playing games can significantly improve the mental health of middle-aged and elderly people in rural China, while other online activities such as online chatting do not affect the mental health of middle-aged and elderly people in rural China, which adds to the gaps in previous research. This is because online chatting is still a way for acquaintances to socialize, and it is difficult for middle-aged and elderly people in rural China to make new friends online through chat software such as WeChat or QQ. Playing games, watching videos, and reading news have different effects on the mental health of middle-aged and elderly people in rural China. The results indicate that playing games has a better effect on depression levels than watching videos. In contrast, watching news had the lowest effect on depression levels among middle-aged and elderly people in rural China.



According to previous studies, more opportunities for social participation and social support are the main ways to improve the mental health levels of middle-aged and elderly people in rural China [39]. Therefore, the possible reasons for this result are that middle-aged and elderly people in rural China have different levels of social participation and social support in different online activities. Watching news can help middle-aged and elderly people in rural China have access to more external information but a lower level of social support. However, this kind of information transmission is one-way, and middle-aged and elderly people in rural China who are in a state of social isolation cannot build new social networks and increase social participation through reading news. Due to the rise of short video and live-streaming platforms such as Tiktok and Kwai, however, watching videos online can not only help middle-aged and elderly people in rural China to obtain outside information, but also to relax and entertain themselves by watching videos, which is more likely to generate temporary social interaction and increase social participation through bullet chatting. As such, watching videos improves mental health levels more than reading news does. Playing online games can effectively relieve depression in middle-aged and elderly people in rural China, with the best possible reason for this being that the process of playing online games results in more social interactions with unfamiliar online friends, setting up relatively long-term and stable social networks while also providing access to more social support and increasing social participation.



This paper also makes the following research contributions: Firstly, this paper proposes that Internet use is a new support method for the mental health of middle-aged and elderly people in China, which is an effective supplement to the previous intergenerational family support. This is a new trend for future development and enriches the existing research. Second, the research has several methodological and data advantages. Based on the CHARLS panel data from 2013, 2015, and 2018, this study adopted the DID method to study the impact of Internet use on the mental health of middle-aged and elderly people in rural China and determined parallel trends and placebo tests, effectively avoiding many endogeneity problems and making the research results more scientific and credible. Third, this paper extends the scope of the study to include middle-aged people who are about to enter old age in rural China. With the exception of age, the characteristics of the two groups are similar, making it easier to provide suggestions for future policy interventions. Fourth, Internet activities are diverse, but different Internet activities have different effects on mental health, which is one of the important reasons for the differences in previous research results. By using the DDD method, this paper studies the effects of different online activities, such as online chatting and online games, on the mental health of middle-aged and elderly people in rural China.



However, there are still some shortcomings in this study. Although this study uses CHARLS panel data for middle-aged and elderly people in China, Internet use is not fully popular among middle-aged and elderly people, and some samples are missing from the panel data, so the sample comprising the treatment group is still small, which may affect the final estimated coefficient. Secondly, Internet use is a long-term behavior, and this study only has three periods of panel data and does not study the long-term impact of Internet use on the mental health status of middle-aged and elderly people in rural China. Thirdly, Internet activities are very diverse. Limited by the questionnaire design of CHARLS, this paper can only distinguish Internet activities into five categories: online chatting, watching the news, watching videos, playing games, and other online activities, without the ability to make a more diverse and detailed distinction. Finally, the mechanism of the effect of Internet use on the mental health status of middle-aged and elderly people in rural China is not clear, that is, we are not sure why Internet use can improve the mental health status of middle-aged and elderly people in rural China. These shortcomings also point to future research directions.




6. Conclusions


The mental health of middle-aged and elderly people in rural China is one of the key public health problems in rural China. In the context of declining intergenerational support, it is important to improve the mental health status of middle-aged and elderly people in rural China through other methods. This paper uses CHARLS panel data from 2013, 2015, and 2018 to accurately investigate the impact of Internet use on the mental health of middle-aged and elderly people in rural China based on the DID method. The findings of this study are as follows: (1) Internet use effectively improves the mental health status of middle-aged and elderly people in rural China; (2) compared with the middle-aged group, Internet use has a more obvious effect on the mental health of the elderly; (3) further analysis showed that reading news, watching videos, and playing games online could significantly improve the mental health status of middle-aged and elderly people in rural China, while Internet chatting and other online activities did not significantly improve mental health status. (4) Playing games, watching videos, and reading news have different effects on the mental health of middle-aged and elderly people in rural China. The results indicate that playing games has a better effect on depression level than watching videos. In contrast, watching news had the lowest effect on depression levels among middle-aged and elderly people in rural China: 1.126. The findings add to existing research showing the latest evidence of the impact of Internet use on the mental health of middle-aged and elderly people in rural China.



At the same time, the results of this study also provide new directions for the government, communities, NGOs, and families to improve the mental health of middle-aged and elderly people in rural China [40]. First of all, we need to accelerate the construction of an age-friendly environment in rural areas, especially the construction of communication infrastructure and digital libraries, and to improve the Internet access conditions of middle-aged and elderly people in rural China. The government also needs to encourage telecom operators to introduce more preferential telecommunications tariff policies for rural areas, reduce the consumption costs of Internet use for the elderly in rural areas, and encourage them to actively participate in Internet activities. Second, more Internet software should be updated and modified for ageing and provide more products with features such as large fonts, large icons, and high-contrast text for the middle-aged and elderly. More enterprises should be encouraged to introduce interface modes with simple interfaces that are easy to operate, enabling various barrier-free functions such as one-click operation and text input prompts to lower the technological threshold for middle-aged and elderly people to access the Internet. Last but not least, support from family members is still an important way to improve the mental health of middle-aged and elderly people in rural China. While establishing a new social network and providing social support from strangers, the Internet can also serve as a bridge between left-behind groups and family members who have left rural China. Therefore, the community, social organizations, and families should actively guide the elderly to overcome psychological barriers and to master Internet skills through various activities that can help middle-aged and elderly people integrate into Internet life. All of these measures will allow the Internet to become an effective tool to help middle-aged and elderly people in rural China to achieve active ageing.
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Figure 1. The rationale for the DID method. 
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Figure 2. Parallel trend test results. 
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Figure 3. Placebo test. 
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Table 1. Definition of control variables.






Table 1. Definition of control variables.





	Variable Name
	Variable Symbol
	Definition





	Age
	Age
	Unit: years



	Gender
	Gender
	Female = 0, male = 1



	Marry status
	Marry
	Married = 1, divorced = 0



	Education level
	Education
	Illiterate = 0, primary = 6, middle school = 9, high school = 12, college = 16



	Frequency of contact with children
	Contact
	Almost never = 0, once a year = 1, once every six months = 2, once every three months = 3, once a month = 4, every two weeks = 5, once a week = 6, 2–3 times a week = 7, almost every day = 8



	Taking care of grandchildren
	Care
	Yes = 1, no = 0



	Expenditure
	Expenditure
	Log (per capita consumption expenditure)



	Pension
	Pension
	Yes = 1, no = 0



	Suffering from chronic disease
	Disease
	Yes = 1, no = 0



	Family size
	Family
	The number of people living together in a household
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Table 2. Descriptive statistics of the variables.






Table 2. Descriptive statistics of the variables.





	
Variable

	
Total

	
Control Group

	
Treat Group




	
N

	
Mean

	
SD

	
N

	
Mean

	
SD

	
N

	
Mean

	
SD






	
Age

	
29,909

	
61.09

	
9.522

	
28,903

	
60.98

	
9.433

	
841

	
52.43

	
5.798




	
Gender

	
29,909

	
0.485

	
0.500

	
29,067

	
0.478

	
0.500

	
842

	
0.730

	
0.444




	
Marry

	
29,909

	
0.809

	
0.393

	
29,067

	
0.807

	
0.395

	
842

	
0.879

	
0.326




	
Education

	
28,861

	
4.544

	
3.850

	
28,095

	
4.410

	
3.788

	
766

	
9.457

	
2.723




	
Contact

	
29,909

	
6.917

	
1.698

	
29,067

	
6.913

	
1.700

	
842

	
7.033

	
1.606




	
Care

	
29,909

	
0.415

	
0.493

	
29,067

	
0.415

	
0.493

	
842

	
0.400

	
0.490




	
Expenditure

	
29,572

	
8.777

	
1.236

	
28,738

	
8.761

	
1.236

	
834

	
9.344

	
1.121




	
Pension

	
29,909

	
0.829

	
0.377

	
29,067

	
0.828

	
0.377

	
842

	
0.850

	
0.357




	
Disease

	
29,909

	
0.706

	
0.456

	
29,067

	
0.709

	
0.454

	
842

	
0.586

	
0.493




	
Family

	
29,795

	
3.239

	
2.346

	
28,955

	
3.240

	
2.363

	
840

	
3.219

	
1.635




	
Mental health

	
29,909

	
8.715

	
6.386

	
29,067

	
8.793

	
6.398

	
842

	
6.010

	
5.300
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Table 3. Baseline results of DID estimates.
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(1)

	
(2)




	

	
Depression Level

	
Depression Level






	
Treat × Post

	
−1.304 ***

	
−1.320 ***




	

	
(−3.29)

	
(−3.27)




	
Gender

	

	
−0.204




	

	

	
(−0.23)




	
Age

	

	
0.014




	

	

	
(0.66)




	
Marriage status

	

	
−0.254




	

	

	
(−1.60)




	
Education level

	

	
−0.033




	

	

	
(−1.00)




	
Contact with children

	

	
−0.054 *




	

	

	
(−1.83)




	
Care grandchildren

	

	
0.039




	

	

	
(0.41)




	
Expenditure

	

	
0.084 **




	

	

	
(2.35)




	
Pension

	

	
−0.024




	

	

	
(−0.23)




	
Chronic disease

	

	
0.636 ***




	

	

	
(5.08)




	
Family size

	

	
−0.030




	

	

	
(−1.24)




	
Constant

	
8.747 ***

	
7.638 ***




	

	
(896.04)

	
(5.21)




	
Observations

	
29,909

	
27,242




	
Individual FE

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes




	
R2

	
0.687

	
0.685




	
Adj R2

	
0.502

	
0.503




	
F statistics

	
10.83

	
5.024








Notes: Standard errors are clustered by household and are listed in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.













[image: Table] 





Table 4. DID estimates for different groups.
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(1)

	
(2)

	
(3)

	
(4)




	

	
Middle-Aged Group

	
Elderly Group




	

	
Depression Level

	
Depression Level

	
Depression Level

	
Depression Level






	
Treat × Post

	
−1.199 ***

	
−1.209 ***

	
−3.368 **

	
−3.433 **




	

	
(−2.93)

	
(−2.88)

	
(−2.12)

	
(−2.35)




	
Constant

	
8.406 ***

	
5.323 **

	
9.159 ***

	
9.159 ***




	

	
(486.34)

	
(2.16)

	
(1740.90)

	
(4.60)




	
Observations

	
16,352

	
14,393

	
12,443

	
11,793




	
Control

	
No

	
Yes

	
No

	
Yes




	
Individual FE

	
Yes

	
Yes

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes

	
Yes

	
Yes




	
R2

	
0.692

	
0.688

	
0.674

	
0.675




	
Adj R2

	
0.508

	
0.509

	
0.484

	
0.486




	
F statistics

	
8.612

	
2.816

	
4.515

	
2.717








Notes: Standard errors are clustered by household and are listed in parentheses. *** p < 0.01, ** p < 0.05.
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Table 5. DDD results of the impact mechanism analysis.
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(1)

	
(2)

	
(3)

	
(4)

	
(5)




	

	
Depression Level

	
Depression Level

	
Depression Level

	
Depression Level

	
Depression Level






	
Treat × Post × Chat

	
−0.480

	

	

	

	




	

	
(−0.60)

	

	

	

	




	
Treat × Post × News

	

	
−1.126 *

	

	

	




	

	

	
(−1.93)

	

	

	




	
Treat × Post × Videos

	

	

	
−1.735 ***

	

	




	

	

	

	
(−3.01)

	

	




	
Treat × Post × Games

	

	

	

	
−2.852 **

	




	

	

	

	

	
(−2.15)

	




	
Treat × Post × Others

	

	

	

	

	
0.204




	

	

	

	

	

	
(0.21)




	
Constant

	
8.516 ***

	
8.530 ***

	
8.532 ***

	
8.523 ***

	
8.508 ***




	

	
(13.92)

	
(13.94)

	
(13.95)

	
(13.93)

	
(13.91)




	
Observations

	
27,427

	
27,427

	
27,427

	
27,427

	
27,427




	
Control

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Individual FE

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
R2

	
0.684

	
0.684

	
0.684

	
0.684

	
0.684




	
Adj R2

	
0.503

	
0.503

	
0.503

	
0.503

	
0.503




	
F statistics

	
4.449

	
4.809

	
5.347

	
4.897

	
4.412








Notes: Standard errors are clustered by household and are listed in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
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