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Background: As China’s population aging intensifies, older adults face growing 
health risks. Internet use, social interaction, and physical exercise significantly 
impact their health. This study aims to explore the underlying mechanisms of 
these variables on older adults health.

Methods: This study used data from the 2021 Chinese General Social Survey 
(CGSS), involving 3,150 urban and rural older adults aged 60–98. The 
dependent variable was health status, measured by a composite score of 
self-assessed health, physical health, and mental health. Internet use served 
as the independent variable. Social interaction and physical exercise were the 
mediators. A chain mediation model linking internet use, social interaction, 
physical exercise, and health status was created. The relationships between 
these factors were tested using Pearson correlation analysis, multiple linear 
regression, and Bootstrap.

Result: Internet use demonstrated a significant positive impact on older adults’ 
health status (β = 0.086, p < 0.001), which supports the hypothesis that Internet 
use improves health outcomes. The total indirect effect of the chain mediation 
model was 0.0165 (95% CI = [0.0103, 0.0239]). Specifically, the indirect effect 
of the path Internet use → social interaction → health status was 0.0080 (95% 
CI = [0.0037, 0.0131]), the indirect effect of the path Internet use → physical 
exercise → health status was 0.0077 (95% CI = [0.0035, 0.0126]), and the indirect 
effect of the path Internet use → social interaction → physical exercise → health 
status was 0.0009 (95% CI = [0.0004, 0.0016]). Social interaction and physical 
exercise partially and chain-mediate the relationship between Internet use and 
health status in older adults.

Conclusion: This study reveals that internet use significantly impacts older 
adults’ health both directly and indirectly through enhanced social interaction 
and physical exercise. The government should promote internet adoption 
among older adults, especially in underserved rural and low-income areas, 
by enhancing infrastructure and offering inclusive digital training. Additionally, 
financial support and policy incentives should be  provided to encourage the 
development of age-friendly applications focused on social interaction and 
sports. Policymakers should advance the integration of internet services with 
geriatric health policies to enhance overall well-being.

OPEN ACCESS

EDITED BY

Abdolvahab Samavi,  
University of Hormozgan, Iran

REVIEWED BY

Maryalice Jordan-Marsh,  
University of Southern California, 
United States
Enkai Guo,  
Hunan Normal University, China

*CORRESPONDENCE

Haoxian Mai  
 1369483411@qq.com

RECEIVED 31 March 2025
ACCEPTED 21 July 2025
PUBLISHED 01 August 2025

CITATION

Hu J, Mai H, Tan C and Du Y (2025) The 
impact of internet use on the health status of 
the older adults in China: a chain mediating 
model of social interaction and physical 
exercise.
Front. Public Health 13:1603406.
doi: 10.3389/fpubh.2025.1603406

COPYRIGHT

© 2025 Hu, Mai, Tan and Du. This is an 
open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE  Original Research
PUBLISHED  01 August 2025
DOI  10.3389/fpubh.2025.1603406

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2025.1603406&domain=pdf&date_stamp=2025-08-01
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1603406/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1603406/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1603406/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1603406/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1603406/full
mailto:1369483411@qq.com
https://doi.org/10.3389/fpubh.2025.1603406
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2025.1603406


Hu et al.� 10.3389/fpubh.2025.1603406

Frontiers in Public Health 02 frontiersin.org

KEYWORDS

internet use, health status, social interaction, physical exercise, aged, China

1 Introduction

In 2024, the proportion of the global population aged 65 and 
over will be about 10.5%, compared with 15.6% in China, well 
above the global average. China has the world’s largest older 
adults population and is experiencing a faster ageing process than 
the global average (1). Since the late 1970s, China’s population 
ageing process has accelerated, with an annual growth rate of 
about 3.2 percent; while this process has taken more than 45 years 
in developed countries, it has taken only about 27 years in China, 
and it is expected that the aging trend will intensify in the long 
term (2). As China’s population ages, an increasing number of 
Chinese seniors are facing health risks, particularly in the domain 
of mental health (3, 4). Meanwhile, the continuous advancement 
of media technology has led to an expansion of media forms from 
traditional newspapers, radio, and television to new media 
platforms, such as the Internet. Modern new media, particularly 
the Internet, are impacting and changing people’s lifestyles and 
behaviors. The China Internet Network Information Centre 
(CNNIC) reports that, as of June 2024, there were over 157 
million Internet users aged 60 and above, accounting for 14.3% 
of all Internet users (5). The Internet penetration rate of the older 
adults population is increasing significantly, and the level of 
Internet use is deepening. For the older adults, the use of the 
Internet for online services such as information search and 
entertainment experience has become a basic need for enjoying 
life in old age and reintegrating into society (6), and at the same 
time, it is a new factor affecting the health of the older adults.

Although several studies have explored the links between 
Internet use and health in older adults, further investigation is 
required to elucidate the mechanisms underlying these links. The 
hypothesis that Internet use by older people enables them to have 
more social contacts and participate in various social activities, 
thereby promoting social group interaction, has been postulated 
(7). The process of social group interaction has the potential to 
enhance the well-being of Chinese older adults by increasing 
their pleasure, reducing loneliness, and alleviating depression (8, 
9). Consequently, social interaction may be a pivotal mediating 
factor in this relationship. Additionally, within the Chinese 
context, the ‘Healthy China Strategy’ explicitly identifies sport as 
a pivotal initiative in addressing the challenges posed by aging. 
One study found that Internet use may influence physical exercise 
(10), which in turn may promote physical and mental health in 
older adults (11), and that physical exercise may also be  an 
important mediator. Therefore, what are the pathways through 
which Internet use affects the health status of older people, and 
what are the specific mechanisms of action? Further in-depth 
discussions are needed. The present study, therefore, focuses on 
the impact of Internet use on the health status of older adults, 
with an emphasis on the mediating roles of social interaction and 
physical exercise, aiming to provide theoretical and practical 
references for improving the health of older adults and promoting 
healthy aging.

2 Literature review and research 
hypotheses

2.1 Internet use and health status of older 
adults

Researchers have conducted a large number of empirical studies 
on the impact of Internet use on the health of older adults. In 
general, health includes a variety of dimensions, such as physical 
health and mental health. The existing literature indicates a close 
correlation between Internet use and multidimensional health in 
older adults (12). With regard to mental health, research has shown 
that the Internet can alleviate social isolation and loneliness in older 
adults (13). Yuan’s research indicates that older individuals in 
Shanghai who frequently use the Internet are less likely to 
experience psychological distress, particularly those with chronic 
conditions (14). Moreover, studies have demonstrated that older 
individuals who use the Internet are 33% less likely to suffer from 
depression compared to those who do not (15). In terms of 
physiological health, Internet use has been found to improve the 
health of older adults and reduce the incidence of high blood 
pressure and heart disease in older age groups (16, 17). In a 
longitudinal study based on data on aging in the United Kingdom, 
Xavier et al. found that older British people who regularly used the 
Internet had a higher propensity to prevent cancer (18). 
Concurrently, the utilization of the Internet has been observed to 
potentially mitigate the risk of developing dementia and cognitive 
decline (19), thereby promoting healthier behaviors (20).

2.2 Social interaction, physical exercise, 
and health in the older adults

Social interaction can be defined as the material and spiritual 
exchanges between individuals under specific social and historical 
conditions (21). A substantial body of research has demonstrated 
that older adults who participate in social activities exhibit 
superior cognitive functioning and perceived mental health 
compared to those who do not (22, 23). Yuasa et al. utilized cross-
sectional data to examine the impact of social capital on mental 
health among older adults and discovered significant associations 
between informal social interactions and formal group 
participation and health variables (24). Concurrently, extensive 
research has consistently shown that physical exercise is positively 
correlated with perceived health, physical health, and mental 
health (25, 26). According to Leith and Taylor’s review of 81 
studies on the connection between exercise and mental health that 
were published between 1979 and 1989, regular exercise is 
important for fostering mental health (27). Moreover, older adults 
who participate in physical exercise exhibit notably superior 
physical, psychological, and social health, as well as higher overall 
health scores and improved physical condition, compared to their 
inactive counterparts (28).

https://doi.org/10.3389/fpubh.2025.1603406
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Hu et al.� 10.3389/fpubh.2025.1603406

Frontiers in Public Health 03 frontiersin.org

2.3 Internet use, social interaction, and 
physical exercise

As older people age, their social interactions gradually decrease, 
and their sense of isolation increases significantly. However, the 
Internet, as a platform for people to interact and communicate with 
each other online, supports the offline participation of older people in 
social activities. Atsushi’s research revealed that older adults who use 
the Internet on a daily basis are able to maintain stronger social 
connections, meet friends more often, and significantly enhance their 
subjective well-being compared to those who do not use the Internet 
at all (29). However, some studies have suggested opposing views, 
indicating that internet use may lead to the deterioration of 
individuals’ social networks and the weakening of interpersonal 
relationships (30). Emotional interactions in the virtual world of the 
internet have been found to replace deep real-world emotional 
exchanges, thereby reducing social interaction and participation in 
real life among older adults. There is also a correlation between 
Internet use and physical exercise. Some studies have indicated that 
older adults who frequently use the Internet tend to participate more 
in physical activities and are more likely to engage in moderate-to-
vigorous physical exercise on a weekly basis (31). The more physically 
active older adults are and the more satisfied they are with their lives, 
the better their mental health will be (32). However, in a survey of 
Polish internet users over 50, Duplaga found that they are less inclined 
to participate in sports (33).

Secondly, there is a strong correlation between social interaction 
and physical exercise. The cohort effect suggests that individuals are 
no longer independent in their decisions and behaviors in social 
interactions and are directly influenced by the behaviors and 
characteristics of other groups in their environment (34). A study 
revealed that older adults who engage in emotional social interactions 
are 41% more likely to meet physical exercise standards (35). 
Furthermore, the construction of a favorable social environment and 
the establishment of a subjective emotional support system for older 
adults have been demonstrated to enhance the motivation of empty 
nesters to engage in physical exercise (36). Shephard et al. identified a 
suitable partner as a pivotal factor influencing an individual’s physical 
activity (37). Leith used the social interaction hypothesis to argue that 
social interactions with friends, colleagues, etc., during physical 
activity are pleasant (27).

2.4 Research hypothesis

Through the preceding discussion, it is evident that there are 
interactions among internet use, social interaction, physical exercise, 
and health status. However, the combined effects of these factors 
remain unclear. The roles of social interaction and physical exercise as 
mediators between internet use and health status require further 
empirical investigation. Moreover, the underlying mechanisms linking 
internet use to the health of older adults have not yet been 
systematically studied. Given the rapid advancement of internet 
technologies, the potential impacts of internet use on the health of 
older adults deserve increasing attention. The findings of this study 
can offer additional insights for future research on older adult health. 
Therefore, this study proposes a chain-mediated hypothetical model 
(Figure  1) to clarify the relationships among internet use, social 
interaction, physical exercise, and the health status of older adults, and 
presents the following research hypotheses:

H1: Internet use has a significant positive impact on the health 
status of older adults.

H2: Social interaction mediates the relationship between Internet 
use and the health status of older adults.

H3: Physical exercise mediates the relationship between Internet 
use and the health status of older adults.

H4: Social interaction and physical exercise are chained mediators 
in the relationship between Internet use and the health status of 
older adults.

3 Materials and methods

3.1 Data

The dataset utilized in this study originates from the 2021 China 
General Social Survey (CGSS), an ongoing cross-sectional survey that 
has been conducted since 2003, encompassing over 10,000 households 
across all provinces, autonomous regions, and municipalities directly 
governed by the central government in mainland China. The CGSS 

FIGURE 1

Assumption diagram. A hypothetical model of the relationship between internet use, social interaction, physical exercise, and health status.
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adheres to the ethical principles outlined in the Declaration of 
Helsinki and was approved by the ethics committees of Renmin 
University of China and the Hong Kong University of Science and 
Technology, including participant consent procedures. Since the data 
are publicly accessible and anonymized, this study does not require 
additional ethical approval or informed consent procedures. The data 
can be accessed at http://cgss.ruc.edu.cn/. The use of this data complies 
with the terms and conditions set by the database. The survey’s 
questionnaire data are comprehensive and authoritative, with 8,148 
samples collected in 2021, offering a representative dataset and a 
robust foundation for this research. In conjunction with the 
questionnaire items, responses with incomplete answers were 
excluded as invalid, resulting in a final sample of 3,150 urban and rural 
older adults aged 60–98 years.

3.2 Dependent variable

This study examines the health status of older adults. The World 
Health Organization (WHO) defines health as “health not only as the 
absence of disease, but as a state of complete physical, mental, social, 
and moral well-being” (38). Health can be measured by objective and 
subjective indicators, and self-assessed health is a reliable indicator for 
evaluating health status, which is a subjective evaluation of the state 
of health based on the objective health status of an individual (39). 
Therefore, this study used the subjective assessment of health by older 
adults to measure health status. Drawing on the research idea of Yang 
et al. (2023) (40), health status was assessed based on respondents’ 
answers to questions regarding self-assessed health, physical health, 
and mental health in the CGSS. Respondents were asked, “How would 
you rate your current health status?” and were required to rate their 
health on a scale from 1 to 5 (1 = very unhealthy, 2 = somewhat 
unhealthy, 3 = fair, 4 = somewhat healthy, 5 = very healthy). Regarding 
physical health, respondents were asked, “How often have health 
problems affected your work or other daily activities in the past 
4 weeks?” and were required to rate this on a scale from 1 to 5 
(1 = always, 2 = often, 3 = sometimes, 4 = rarely, 5 = never). For 
mental health, respondents were asked, “How often have you  felt 
depressed or down in the past 4 weeks?” and were required to rate this 
on the same scale (1 = always, 2 = often, 3 = sometimes, 4 = rarely, 
5 = never). We consolidated the aforementioned questions to create a 
new variable termed ‘health status,’ which has been utilized in prior 
research to assess the influence of physical and mental health on the 
subjective well-being of older adults (41). Drawing from this reference, 
we calculated a composite score to evaluate the respondents’ health 
status, with scores ranging from 3 to 15, where higher scores denote 
better health. The Cronbach’s alpha value of this variable in this study 
is 0.76, indicating that this variable has high reliability.

3.3 Independent variable

The independent variable in this study is Internet use, based 
on the research framework proposed by Dong et  al. (42). 
We  primarily utilized a question from the CCSS2021 
questionnaire: “How often did you use the Internet (including via 
mobile phone) in the past year?” Responses ranged from 1 to 5, 
indicating the frequency of Internet use from low to high: 

1 = never, 2 = seldom, 3 = sometimes, 4 = often, and 5 = very 
often. Higher values reflect more frequent Internet use among 
older adults.

3.4 Mediating variables

The first mediating variable in this study is social interaction. The 
group nature of human social life determines that people inevitably 
form a variety of relationships with each other, primarily including 
relatives, friends, colleagues, and neighbors. Therefore, social 
interaction in this study refers to the positive interpersonal 
relationships formed between older adults and their close neighbors 
and relatives through mutual interaction and joint participation in 
social activities. Drawing on the research framework of Zhang et al. 
(43), four questions from the CGSS were selected to measure the 
degree of social interaction, focusing on respondents’ engagement in 
the following activities: gathering with relatives who do not live 
together, meeting with friends, social and recreational activities with 
neighbors (e.g., visiting each other’s homes, watching TV, eating 
together, playing cards, etc.), and social and recreational activities with 
other friends (e.g., visiting each other’s homes, watching TV, eating 
together, playing cards, etc.). In this study, reverse-scored items in the 
original questionnaire were processed accordingly, and the total scores 
of the four questions were reassigned according to the frequency logic 
(from lowest to highest). The total score of the four questions was used 
to measure the social interaction variable, ranging from 4 to 24, with 
higher scores indicating a higher degree of social interaction. The 
Cronbach’s alpha value for this variable in this study was 0.63, 
indicating that the reliability of this variable is within the 
acceptable range.

The second mediating variable in this study is physical exercise. 
Responses to the question “In the past year, how often did 
you participate in physical exercise during your free time?” in the 
CGSS2021 questionnaire were categorized as never, several times a 
year or less, several times a month, several times a week, and every 
day, based on Liu and Zhong (44). The recoded variable was assigned 
values ranging from 1 to 5, with higher values indicating more 
frequent physical activity among older adults.

3.5 Control variable

Drawing on previous studies, this study included residence, 
gender, age, education, marital status, socioeconomic status and 
political affiliation as control variables. Specifically, gender was coded 
as 0 for female and 1 for male; education was classified into five 
categories: primary education and below (1), primary education (2), 
junior high school education (3), senior high school education (4), 
and university education and above (5); place of residence was coded 
as 0 for rural areas and 1 for urban areas; political affiliation was 
recorded as 0 for non-Party members and 1 for CCP members; and 
marital status was recorded as 1 for married (including first marriage 
with a spouse, separated but not divorced, and remarried with a 
spouse) and 0 for single (including divorced, widowed, cohabiting, 
and unmarried); Socioeconomic status is an older person’s self-
assessment of their socioeconomic status. The scale ranges from 1 
(lower class) to 5 (upper class).
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3.6 Common method deviation test

In this study, the common method bias test was conducted using 
Harman’s one-factor method, which showed that the first factor 
analyzed for all questions explained 21.95% of the variance, which was 
less than the 40% critical criterion, and more factors with eigenvalues 
greater than 1 were analyzed. Therefore, there is no significant 
common method bias in the study.

3.7 Statistical analysis

Initially, descriptive statistics and Pearson correlation analyses 
(p < 0.05 indicating significant correlation) were conducted on the 
sample variables. Subsequently, multiple linear regression analyses were 
conducted, controlling for gender, age, education, residence, marital 
status, socioeconomic status and political affiliation, to examine the 
relationships between Internet use, social interaction, physical exercise, 
and health status. It was hypothesized that all control variables would 
influence older adults’ health status. Finally, cascading mediation effects 
were analyzed using the PROCESS macro model developed by Hayes6 
to investigate the mechanisms by which Internet use affects the health 
status of older adults. Bias-corrected bootstrapping was used, and a total 
of 5,000 bootstrap samples were extracted for the mediation test, with 
95% confidence intervals not including 0 indicating a significant effect. 
The statistical analysis was performed using IBM SPSS Statistics 27.

4 Results

4.1 Descriptive statistic

As shown in Table 1, the mean score for the health status of the 
3,150 older adults was 10.57 (SD = 2.987), indicating a relatively 
moderate level of health within this older population. For the 
independent variable of Internet use, the mean value was 2.34, 
suggesting that the majority of older respondents seldom used the 
Internet. Specifically, 53.4% of the respondents reported never having 
used the Internet, 8.1% rarely used it, 7.3% used it sometimes, 13.7% 
often used it, and 17.4% always used it. Regarding the mediating 
variables, social interaction was assessed with a mean score of 11.24 
(SD = 4.724), reflecting moderate levels of social interaction among 
older persons. Physical exercise had a mean value of 2.79, indicating 
that the older adults had a relatively low level of sports participation. 
Finally, concerning the control variables, the average age of the older 
adults participants was approximately 71 years, with about 51.6% 
being women and 48.4% men. The educational attainment of the older 
adults was predominantly concentrated between primary and high 
school levels. Approximately 63% lived in urban areas and 37% in 
rural areas. Additionally, 15.6% were members of the Communist 
Party, and 75% were married. The majority of the older adults 
considered their socio-economic status to be in the lower middle range.

4.2 Pearson correlation analyses

Prior to the linear regression analysis, Pearson correlation analyses 
were conducted to examine the correlations among the variables 

(p < 0.05 indicating significant correlation). The results showed that 
the key independent variable, Internet use, was significantly and 
positively correlated with the health status of older adults (r = 0.205, 
p < 0.001), providing strong support for H1. Second, the mediator 
variables of social interaction and physical exercise were significantly 
and positively correlated with the health status of older adults; gender, 
education, residence, marital status, socioeconomic status and 
political status were significantly and positively correlated with the 
health status of older adults, while age was negatively correlated with 
health status. However, these correlations only indicate pairwise 
associations between the variables, necessitating further verification 
through regression analysis (Table 2).

4.3 Multiple linear regression analysis

Multiple linear regression analyses were performed, with the 
health status of older adults as the dependent variable in all models 
(Table 3). Model 1 included control variables to assess the impact of 
gender, age, residence, education, marital status, socioeconomic status 
and political status on the health status of older adults. The results 
indicated that gender, age, residence, education, socioeconomic status 
and political status significantly affected the health status of older 
adults. Model 2 incorporated Internet use variables to examine their 
influence on health status. The results revealed a significant positive 
correlation between Internet use and health status (β = 0.086, 
p < 0.001), supporting Hypothesis 1. Model 3 introduced social 
interaction and physical exercise variables. The results showed that 
both social interaction (β = 0.066, p < 0.001) and physical exercise 
(β = 0.084, p < 0.001) were significantly and positively related to 
health status. After including social interaction and physical exercise 
in Model 3, the coefficient for Internet use decreased (β = 0.069, 
p < 0.001) but remained significant. This suggests that social 
interaction and physical exercise may mediate the relationship 
between Internet use and health status, providing a foundation for 
further exploration of the mediating mechanisms.

4.4 Mediation effect analysis

In this section, we further analyse the potential mechanisms by 
which Internet use affects the health status of older adults. In the 
literature review section, we describe potential relationships between 
Internet use, social interaction, physical exercise, and health status in 
older adults. In Pearson’s correlation analysis, we found a significant 
correlation between Internet use, social interaction, physical exercise, 
and health status. In the stratified regression, the coefficient of the 
influence of Internet use on the health status of the older adults 
decreased after adding the variables of social interaction and physical 
exercise, respectively. On this basis, we constructed a chain mediation 
model with health status of the older adults as the dependent variable, 
Internet use as the independent variable, and social interaction and 
physical exercise as the mediating variables. The bias-corrected 
Bootstrap method has been previously found to be more effective than 
the traditional Sobel test in testing the significance of mediating effects 
(45). The basic idea of this method is to resample the original data and 
extract the equal sample data to test the mediating effect. Therefore, 
in this study, Hayes was used to prepare the SPSS macro model 6 and 
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5,000 samples were extracted for the mediation test (46). If the 95% 
confidence interval of mediation does not contain 0, the mediation is 
significant; otherwise, the mediation effect is not significant.

As shown in Table 4 and Figure 2, the total indirect effect of the 
model was 0.0165 (95% CI = [0.0103, 0.0239]). The indirect effect 
mediated by social interaction was 0.0080 (95% CI = [0.0037, 

0.0131]), with a confidence interval excluding 0, indicating that 
social interaction partially mediated the effect of Internet use on the 
health status of older adults. The indirect mediated effect of physical 
exercise was 0.0077 (95% CI = [0.0035, 0.0126]), with a confidence 
interval excluding 0, suggesting that physical exercise partially 
mediated the effect of Internet use on the health status of older 

TABLE 1  Basic variable description statistic table.

Variable type Variable Mean/percentage SD Min Max Details

Dependent variable Health status 10.62 2.98 3 15 Continuous variable

Independent variable Internet use 2.34 1.616 1 5 Multi-categorical 

variable

Never 53.40%

Rarely 8.10%

Sometimes 7.30%

Often 13.70%

Always 17.40%

Mediating variables Social interaction 11.24 4.724 4 24 Continuous variable

Physical exercise 2.79 1.774 1 5 Multi-categorical 

variable

Never 43.50%

Several times a year or 

less

7.60%

Several times a month 6.80%

Several times a week 10.40%

Every day 31.70%

Control variable Gender 0.48 0.5 0 1 Binary variables

Female 51.60%

Male 48.40%

Education 2.63 1.133 1 5 Multi-categorical 

variable

Illiterate 18.10%

Primary school 29.40%

Junior high school 29.20%

Senior high school 17.70%

College or above 5.60%

Residence 0.63 0.483 0 1 Binary variables

Rural 37.00%

Urban 63.00%

Age 71.05 7.794 60 98 Continuous variable

Marriage 0.75 0.433 0 1 Binary variables

Married 75.00%

Unmarried 25.00%

Political status 0.16 0.363 0 1 Binary variables

Party member 15.60%

Nonparty member 84.40%

Socioeconomic status 2.29 0.964 1 5 Multi-categorical 

variable

Lower level 26.20%

Lower middle level 28.00%

Middle Level 37.70%

Upper middle level 7.20%

Upper Level 1.00%
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adults. The indirect effect of social interaction and physical exercise 
as a chain mediator was 0.0009 (95% CI = [0.0004, 0.0016]), with a 
confidence interval excluding 0, confirming that social interaction 
and physical exercise as a chain mediator mediated the positive 
effects of Internet use on the health status of older adults, thus 
validating hypotheses 2, 3, and 4.

4.5 Robustness test

We tested the robustness of the study in two ways. First, we 
tested whether the mediating effect was still significant across 

different demographic groups. Second, we replaced the key 
independent variables to see if the mediating effect would 
remain significant.

First, the chain mediation model was tested among male and 
female older adults (see Tables 5, 6). The results indicate that the 
partial and chained mediation of social interaction and physical 
exercise holds for both gender groups. Specifically, for older adult 
males, the partial mediating effect of social interaction was 0.0058 
(95% CI = [0.0003, 0.0127]), the partial mediating effect of physical 
exercise was 0.0080 (95% CI = [0.0019, 0.0159]), and the chain 
mediating effect of social interaction and physical exercise was 0.0012 
(95% CI = [0.0003, 0.0023]). For female older adults, the partial 
mediating effect of social interaction was 0.0103 (95% CI = [0.0035, 
0.0185]), the partial mediating effect of physical exercise was 0.0064 
(95% CI = [0.0007, 0.0139]), and the chain mediating effect of social 
interaction and physical exercise was 0.0006 (95% CI = [0.0001, 
0.0015]).

TABLE 2  Results of Pearson’s correlation analysis between relevant study variables.

Variables 1 2 3 4 5 6 7 8 9 10 11

1. Health status 1

2. Internet use 0.205*** 1

3. Social 

interaction

0.108*** 0.118*** 1

4. Physical 

exercise

0.197*** 0.234*** 0.120*** 1

5. Gender 0.137*** 0.006 −0.032 0.036* 1

6. Education 0.236*** 0.443*** 0.033 0.284*** 0.211*** 1

7. Residence 0.159*** 0.199*** 0.037* 0.244*** −0.078*** 0.248*** 1

8. Age −0.101*** −0.320*** −0.014 −0.066*** 0.048** −0.22*** 0.044* 1

9. Marriage 0.097*** 0.12*** −0.01 0.042* 0.099*** 0.141*** −0.003 −0.25*** 1

10. Political status 0.118*** 0.164*** 0.036* 0.156*** 0.213*** 0.309*** 0.131*** 0.143*** 0.053** 1

11. 

Socioeconomic 

status

0.262*** 0.137*** 0.099*** 0.162*** 0.005 0.159*** 0.113*** 0.057** 0.053** 0.154*** 1

*p < 0.05; **p < 0.01; ***p < 0.001.

TABLE 3  Impacts of Internet use on Chinese older adults’ health status: 
based on a linear regression model.

Model 1 Model 2 Model 3

Gender 0.118*** 0.124*** 0.125***

Age −0.094*** −0.072*** −0.07***

Residence 0.116*** 0.107*** 0.092***

Education 0.115*** 0.086*** 0.075***

Marriage 0.032 0.032 0.034*

Political status 0.018 0.011 0.005

Socioeconomic status 0.231*** 0.224*** 0.211***

Internet use 0.086*** 0.069***

Social interaction 0.066***

Physical exercise 0.084***

R2 0.137 0.142 0.154

△R2 0.135 0.140 0.151

F(df) 71.250*** 65.154*** 56.983***

N 3,150 3,150 3,150

*p < 0.05; **p < 0.01; ***p < 0.001.

TABLE 4  Bootstrap test results for the chain mediation model.

Affect the path Effect BootSE BootLLCI BootULCL

Total effect 0.0859 0.0194 0.0478 0.1240

Direct effect 0.0694 0.0195 0.0312 0.1076

Total indirect effect 0.0165 0.0034 0.0103 0.0239

Internet use → Social 

interaction → Health 

status

0.0080 0.0024 0.0037 0.0131

Internet use → 

Physical exercise → 

Health status

0.0077 0.0024 0.0035 0.0126

Internet use → Social 

interaction → Physical 

exercise → Health 

status

0.0009 0.0003 0.0004 0.0016
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Second, we  conducted robustness tests by replacing the 
independent variables. In the previous regression and mechanistic 
analyses, the measure of Internet use, which measures the frequency 
of Internet use among older adults, was a continuous variable. 
We  replaced the question item with “In the last 6 months, have 
you gone online, including using various devices such as computers, 
cell phones, and smart wearables?” The answer was a binary 
categorical variable, and we recorded it as 0 for not having been on the 
Internet and 1 for having been on the Internet. Table 7 gives the results 
of substituting the independent variables without changing the other 

variables again. Social interaction and physical exercise continue to 
partially mediate and chain mediate the relationship between Internet 
use and health status among older adults. Therefore, the results of this 
study can be considered stable.

5 Discussion

This study utilized data from the 2021 China General Social 
Survey (CGSS) to investigate the associations between Internet use, 

TABLE 6  Bootstrap test results for the chain mediation model (based on the female older adult population).

Affect the path Effect BootSE BootLLCI BootULCL

Total effect 0.0852 0.0288 0.0288 0.1416

Direct effect 0.0679 0.0289 0.0113 0.1246

Total indirect effect 0.0173 0.0052 0.0080 0.0281

Internet use → Social 

interaction → Health status

0.0103 0.0038 0.0035 0.0185

Internet use → Physical 

exercise→ Health status

0.0064 0.0033 0.0007 0.0139

Internet use → Social 

interaction → Physical 

exercise → Health status

0.0006 0.0004 0.0001 0.0015

FIGURE 2

Chain mediation model of internet use and health status. ***p < 0.001. The numerical values illustrated in the figure correspond to the standardized 
regression coefficients for the respective.

TABLE 5  Bootstrap test results for the chain mediation model (based on the male older adult population).

Affect the path Effect BootSE BootLLCI BootULCL

Total effect 0.0839 0.0262 0.0325 0.1353

Direct effect 0.0689 0.0262 0.0175 0.1204

Total indirect effect 0.0150 0.0050 0.0063 0.0261

Internet use→ Social 

interaction →Health status

0.0058 0.0032 0.0003 0.0127

Internet use→ Physical 

exercise→ Health status

0.0080 0.0036 0.0019 0.0159

Internet use→ Social 

interaction → Physical 

exercise → Health status

0.0012 0.0005 0.0003 0.0023
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social interaction, physical exercise, and health among older adults. 
Building on previous research regarding Internet use and the health 
status of older adults, this study delves deeper into the mechanisms by 
which Internet use influences their health, employing a chain-
mediated model. Several significant conclusions emerge from this 
study. First, internet use demonstrated a significant positive impact on 
older adults’ health status (β  = 0.086, p  < 0.001), supporting 
Hypothesis 1. Second, the indirect effect for the path Internet use → 
social interaction → health status was 0.0080 (95% CI [0.0037, 
0.0131]), indicating that social interaction partially mediates this 
relationship, thus supporting Hypothesis 2. Third, the indirect effect 
for Internet use → physical exercise → health status was 0.0077 (95% 
CI [0.0035, 0.0126]), confirming physical exercise’s partial mediating 
role and supporting Hypothesis 3. Finally, the chain mediation effect 
for Internet use → social interaction → physical exercise → health 
status was 0.0009 (95% CI [0.0004, 0.0016]), establishing the 
sequential mediating roles of social interaction and physical exercise, 
which supports Hypothesis 4.

Internet use has a positive impact on the health of Chinese older 
adults, consistent with most previous findings (47, 48). Our findings 
extend previous studies that simply categorized Internet use as “use or 
non-use” and concluded that Internet use has a positive effect on 
health status (49, 50). Specifically, the Internet provides a convenient 
channel for older people to acquire health knowledge. For example, 
using online health service websites to consult with specialists on 
disease diagnosis and treatment, searching for health/medical 
information through the Internet, and utilizing smartphones for 
health testing and management (51). Zhao et al. also found that older 
adults seek various types of health information on the Internet, 
including information about specific diseases, medications and 
treatments, nutrition and exercise, healthcare resources, disease 
symptoms, health promotion, health insurance, and health news or 
policies and health news or policy (52). Overall, the use of the Internet 
may increase older people’s access to health-related information, 
which may have a positive impact on their health status (53).

Furthermore, analyses of the mechanisms through which Internet 
use impacts the health of older adults indicate that both social 
interaction and physical exercise partially mediate the positive impact 
of Internet use on health, consistent with previous studies (54). Firstly, 
social interaction partially mediates the impact of internet use on 
health status. Internet use transcends temporal and spatial barriers, 
enabling older adults to stay informed about the daily lives of friends 

and relatives, thereby facilitating communication and potentially 
increasing the frequency of offline gatherings. Concurrently, internet 
usage expands social networks and enhances bridging social capital. 
This augmentation of overall social interaction elevates well-being and 
demonstrably improves psychological health, reducing symptoms of 
depression, anxiety, post-traumatic stress disorder (PTSD) (55, 56), 
and stress (57). Furthermore, the internet functions as a vital, 
bidirectional interactive medium for information dissemination. 
Older adults in China utilize it not only as passive recipients of health 
information but also as active disseminators via online platforms (e.g., 
blogs and short video platforms). By sharing personal health 
experiences, they foster community and facilitate health knowledge 
exchange, ultimately enhancing both social engagement and overall 
health. Secondly, physical exercise partially mediates the impact of 
internet use on health status. The proliferation of internet access 
provides individuals with readily available knowledge concerning 
health and physical activity, empowering them to identify appropriate 
forms of exercise (58). Additionally, the internet offers ubiquitous 
access to online training resources and professional coaching, 
enabling older adults to engage in physical activity with expert 
guidance (e.g., virtual fitness classes, and personalized exercise 
routines) (59). One study also found that during COVID-19, many 
public organizations posted information on the Internet about 
exercise programs and physical activity to prevent physical decline, 
and that older adults’ access to this information while using the 
Internet increased physical exercise (60). Maintaining regular physical 
exercise is an important mechanism for older adults to maintain their 
personal health and plays an important positive role in preventing 
chronic disease, maintaining physical function, and promoting overall 
health (61).

Additionally, a significant chain-mediated effect was identified 
between social interaction and physical exercise. This finding reveals 
a complex and progressive mechanism whereby internet use affects 
older adults health. It goes beyond a simple direct link, highlighting 
social interaction as a key bridge and physical exercise as a crucial 
behavioral converter. The internet offers convenient social platforms 
for the older adults. An active social life then acts as a catalyst for 
initiating and maintaining regular physical exercise, and together they 
improve health. By accessing the internet and utilizing digital 
platforms such as communication tools, social media, and online 
communities, the older adults can effectively overcome traditional 
social interaction constraints like geographical barriers, physical 

TABLE 7  Bootstrap test results for the chain mediation model (replacement of key independent variables).

Affect the path Effect BootSE BootLLCI BootULCL

Total effect 0.1409 0.0395 0.0635 0.2183

Direct effect 0.1069 0.0396 0.0292 0.1846

Total indirect effect 0.0340 0.0074 0.0203 0.0495

Internet use → Social 

interaction → Health status

0.0177 0.0056 0.0074 0.0293

Internet use → Physical 

exercise → Health status

0.141 0.0046 0.0059 0.0241

Internet use → Social 

interaction → Physical 

exercise → Health status

0.0022 0.0007 0.0010 0.0038
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limitations, and shrinking social networks. This technological 
empowerment enhances both the frequency and quality of their social 
interactions. Video calls and instant messaging help maintain 
connections with distant friends and family, while interest-based 
communities and local forums enable the formation of new social 
relationships (62). Continuous online interaction alleviates loneliness, 
a significant health risk factor, and strengthens individuals’ connection 
to society through social recognition and emotional support. Notably, 
this enhanced social interaction becomes a key driver of physical 
exercise. Online social networks promote physical activity through 
several channels: Firstly, health knowledge and exercise experiences 
shared within these networks demonstrate positive examples and peer 
encouragement (63, 64), increasing the perceived value of exercise. 
Secondly, social media reduces the cost of organizing group activities, 
facilitating seamless transitions from online interactions (e.g., walking 
groups) to offline practices (e.g., square dance groups). Thirdly, virtual 
communities based on shared interests create a sense of belonging and 
responsibility, motivating members to maintain their social identity 
through continued participation in exercises. When social interaction 
translates into regular physical exercise, health benefits manifest 
through both physiological and psychological pathways. 
Physiologically, these benefits include improved cardiopulmonary 
function, enhanced musculoskeletal systems, and optimized metabolic 
indicators. Psychologically, endorphin release, increased self-efficacy, 
and strengthened social functioning form a positive feedback loop 
that helps sustain healthy behaviors. Overall, this also represents a 
plausible pathway through which Internet use by older adults in China 
enhances their health status.

6 Conclusions and recommendations

Global efforts are underway to achieve healthy aging, with 
increasing attention focused on the health of older adults. In this 
study, a chain mediation model was constructed to empirically 
examine the health status of older adults, incorporating variables such 
as Internet use, social interaction, and physical exercise. The results 
showed that Internet use among older adults not only directly affects 
their health status but, more importantly, indirectly affects them 
through three critical paths: (1) indirectly improves health status by 
facilitating social interaction; (2) indirectly improves health status by 
facilitating physical exercise; and (3) ultimately improves health status 
by facilitating social interaction and then increasing physical exercise. 
This chain-mediated path of ‘Internet use → social interaction → 
physical exercise → health status’ has a significant effect.”

Based on these findings, the following recommendations 
are proposed:

First, internet use is a significant predictor of positive health status 
for the older adults. Therefore, it is imperative to increase internet 
usage among this population. However, a significant “digital divide” 
persists in China, where 53.4% of surveyed older adults individuals 
reported no prior internet usage. Previous research has shown that 
age, region, and educational level significantly affect internet use 
among the older adults (65). Specifically, internet usage decreases with 
age, is lower among those with less education, and is less common in 
China’s central, western, and rural regions. To address this, the 
government should promote internet adoption among the older adults 
and enhance internet public service infrastructure in central, western, 

and rural areas, narrowing the urban–rural digital divide. Additionally, 
the government should collaborate with community centers, older 
adults universities, and public libraries to offer large-scale, inclusive, 
and ongoing digital skills training, focusing on rural and low-income 
older adults.

Second, social interaction and physical exercise play a partially 
mediating role as well as a sequential chain mediating role between 
Internet use and the health status of Chinese older adults, and 
we  propose the following policy recommendations. Develop 
age-friendly apps that focus on social interaction and sports, including 
online exercise courses and online communities for senior sports, to 
help older adults make connections, share exercise experiences, 
organize companion exercise, and enhance motivation to exercise. 
These apps can motivate older persons to participate in physical 
activity by launching online fitness challenges, signing up for rewards, 
and organizing offline sports events. This initiative strengthens social 
connections among older persons and promotes regular exercise, 
which is essential for overall health and well-being. The government 
should encourage relevant industries to develop such apps and provide 
financial support and policy incentives. At the same time, communities 
should be actively involved in promoting and organizing training 
activities to help older persons become familiar with and use these 
apps. In addition, policymakers should emphasize the potential of the 
Internet in health promotion for older persons and promote the 
integration of Internet services with geriatric health policies so as to 
form a model of health promotion that combines online and offline 
and create a healthier and more active living environment for 
older persons.

7 Limitation

This study is not without limitations. First, the data used for 
analysis are cross-sectional and thus cannot strictly establish causal 
relationships. Second, Internet use among older adults was measured 
only by its frequency, which does not adequately capture the 
diversity of Internet use, such as usage time and types of content 
accessed. At the same time, with regard to the measurement of 
health status variables, only the subjective assessment of health 
status by older persons was used, and in the future further 
combinations of BMI, ADL index or other objective health status 
variables with subjective variables will be carried out. Furthermore, 
although the study included several variables affecting the health 
status of older adults, it did not comprehensively analyze additional 
micro-level variables that may influence Internet use and health 
status. Consequently, future studies should employ longitudinal 
analyses and integrate qualitative methodologies to comprehensively 
explore the impact of Internet use on the health status of older adults 
and its underlying mechanisms. This will contribute to the current 
body of knowledge, offer a deeper and more comprehensive insight 
into the subject, and establish a foundation for subsequent research 
in related fields.
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