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Abstract

The “Internet Plus” era has established a closer connection between sports and individuals.
This study used data from the 2018 China Family Panel Studies and focused on the middle-
and younger-aged population aged 15 to 59 years. Employing a negative binomial regres-
sion model, this study empirically analyzed the impact of Internet use on physical exercise
and its internal mechanisms among this population. The findings revealed that (1) Internet
use significantly promoted physical exercise in the middle- and younger-aged population,
with the frequency of physical exercise increasing to 1.549 times the original value; (2) The
positive effects of the internet on physical exercise outweighed the negative effects, with
online learning and entertainment enhancing physical exercise and online socialization limit-
ing it. Specifically, online learning and entertainment increased the frequency of physical
exercise among the middle- and younger-aged population by 0.063 and 0.018, respectively.
Online socialization reduced the frequency by 0.023; and (3) The influence of internet use
on physical exercise varies; significantly, it positively affects the exercise frequency among
individuals over 35 years old and shows a positive correlation with employment status,
including both employed individuals and those out of the labor market. The positive role of
Internet use in encouraging physical exercise participation among the middle- and young-
aged groups should be valued and enhanced.

1. Introduction

One of the most controversial topics in sports is engaging more diverse populations in physical
exercise and identifying effective mechanisms of engagement. Data from the “National Fitness
Plan (2021-2025)” released by the State Council of China show that in 2020, 37.2% of the Chi-
nese population participated in physical exercise regularly [1]. In countries with well-devel-
oped public sports, this rate has not yet reached 50% [2, 3]. Globally, public sports
development still faces challenges, such as lack of scientific guidance and inadequate facilitie

PLOS ONE | https://doi.org/10.1371/journal.pone.0305131

July 3, 2024 1/17


https://orcid.org/0000-0002-5914-0003
https://orcid.org/0000-0002-5911-8359
https://doi.org/10.1371/journal.pone.0305131
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305131&domain=pdf&date_stamp=2024-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305131&domain=pdf&date_stamp=2024-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305131&domain=pdf&date_stamp=2024-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305131&domain=pdf&date_stamp=2024-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305131&domain=pdf&date_stamp=2024-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305131&domain=pdf&date_stamp=2024-07-03
https://doi.org/10.1371/journal.pone.0305131
https://doi.org/10.1371/journal.pone.0305131
http://creativecommons.org/licenses/by/4.0/
https://isss.pku.edu.cn/cfps/index.htm
https://osf.io/cn9r2/
https://osf.io/cn9r2/

PLOS ONE Relationship and mechanisms between internet use and physical exercise among middle- and younger-aged groups

of the Hu Huanyong Line" (Grant No.
HBSK2022YB317). The funders had no role in
study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

[4]. The fact remains that effectively improving the population’s health is a key challenge faced
by all countries [5].

In this digital age, the Internet has revolutionized not only production methods but also
aspects such as information acquisition, entertainment, and leisure. Consequently, the consid-
erable debate regarding the relationship between Internet use and physical exercise has been
ongoing in academia. Some scholars have argued that the Internet promotes individual physi-
cal exercise engagement. Firstly, the internet has broadened the channels through which indi-
viduals can gain knowledge about physical exercise [6]. During the coronavirus disease 2019
(COVID-19) pandemic period, more than half of the population obtained fitness information
and participated in physical exercise through the Internet [7, 8]. Secondly, individuals can uti-
lize online fitness instructions, the metaverse, and other means to transcend time and space
limitations to exercise [9-11]. However, some scholars have held an opposite view, arguing
that considering time duration, the displacement effect of the COVID-19 pandemic has led to
an increasing number of the population spending considerable time on the internet [12].
Regarding efficiency, Chinese residents generally lack the skills and knowledge to effectively
navigate the digital domain [13]. According to the 52nd “China Internet Development Status
Report,” the number of Chinese netizens reached 1.079 billion as of June 2023 [14]. Prolonged
watching of short videos increases individual sedentary behavior, which reduces exercise and
sleep time [15].

Based on the “2020 Survey on the Status of National Fitness Activities” released by China,
people who perform at least 30 minutes of moderate- to high-intensity exercise three or more
times weekly are considered people who perform physical exercise regularly [16]. Among mid-
dle-aged and senior citizens (aged 50-70 years) in China, 31% engage in physical exercise reg-
ularly, a rate that reduces to 14% among the younger- and middle-aged groups [14]. These age
groups constitute approximately 70% of China’s total population and are the main users of the
Internet as well as those who mostly lack physical activity. The relationship and contradiction
between Internet use and physical exercise are especially evident in this demographic. There-
fore, this study attempted to explore the following two questions based on the dual nature of
the Internet: Does Internet use positively affect physical exercise among the middle- and youn-
ger-aged populations? And if an inherent relationship exists between internet use and physical
exercise in this demographic, what are the underlying mechanisms?

Therefore, this study used data from the 2018 China Family Panel Studies (CFPS), focusing
on the middle- and younger-aged population aged 15 to 59 years and employing a negative
binomial regression model to analyze the impact of internet use on physical exercise. The
study also explored and validated the mechanisms through which the Internet influences phys-
ical exercise.

The remainder of this paper is arranged as follows. Section 2 reviews the related literature.
Section 3 describes the data and methods used. Section 4 presents empirical results. Section 5
discusses the findings, and Section 6 outlines the limitations. Section 7 offers the conclusions.

2. Literature review and theoretical framework

The literature review on the impact of Internet use on residents’ physical exercise was con-
ducted based on two perspectives. 1. Considering the heterogeneous analysis of subsequent
data, the first part of this review mainly focuses on the impact of residents’ individual circum-
stances, such as their income, education level, and socioeconomic status, on physical exercise.
2. Considering the impact of the Internet on exercise capital and residents’ psychology, the sec-
ond part of this review discusses factors such as the Internet’s marginal cost, long tail effect,
and attachment effect.
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The current prevailing view in academia is that the factors influencing physical exercise are
divided into three categories including individual, sporting program, and environmental fac-
tor. Individual factors refer to the characteristics of an individual that directly affect their exer-
cise behavior. The "endowment-self-causation" dichotomy in social stratification theory
divides the individual factors affecting physical exercise into two main categories: "Ascribed
factors" and "Achieved factors" [17]. “Ascribed factors” are innate characteristics that cannot
be modified, such as gender, family, etc. “Achieved factors” include traits that can be modified,
such as education, income, and profession [18]. Regarding gender, the physiological disadvan-
tages and distinct social and familial roles of women compared with men result in their lower
participation in physical exercise [19]. The level of participation in physical exercise declines
with age due to the dopaminergic system’s regulatory mechanism that affects the motivation
for sports participation [20]. Regarding family, the higher the social class of the family, the
more parents invest financially and energetically in their children’s physical exercise, leading
to a better cultivation of their children’s physical exercise interest and habits [21]. Regarding
economic income, the higher an individual’s income, the greater the likelihood of that individ-
ual participating in physical exercise. Regarding occupation, white-collar workers compared
with blue-collar workers and the general populace have a higher rate of participation in sports
[22, 23]. Pertaining educational level, education attainment fosters the development of healthy
exercise habits and grants access to more social resources [24].

Sports apps can promote participation in physical exercise and the formation of exercise
habits [25]. Emerging virtual reality exercises can help increase exercise frequency and
enhance performance among other benefits [26]. While research describes the positive impact
of the Internet on physical exercise, some studies have shown that Internet use is not condu-
cive to personal participation in sports, or they are unrelated. Considering the early Internet
days, computer use reduced young people’s free time and was negatively correlated or not cor-
related with physical activity [27, 28]. As research progressed, children and adolescents with
higher Internet usage frequencies were identified to have reduced participation in physical
exercise [29], and their sedentary behavior increased by more than 50% [30, 31]. High-fre-
quency Internet use does not only limit the time for physical exercise but also affects one’s
physical and mental health negatively [32].

The following mechanisms underlie the influence of Internet use on physical exercise.
Firstly, the Internet promotes physical exercise by encouraging individuals to learn about
physical exercise. Utilizing Internet learning platforms, people can overcome the temporal and
spatial limitations of physical exercise and engage in sports activities during fragmented times
in the day [33]. The Internet reduces the marginal time cost of learning physical exercise meth-

ods, fulfilling individuals’ diverse needs for physical exercise. Jeremy Rifkin’s marginal cost
theory posits that based on a nearly zero marginal cost of information, the total cost of infor-
mation services is amortized [34]. The advent of the Internet has significantly reduced the
marginal cost of producing and distributing sports information products and can almost
achieve zero marginal cost [35, 36]. Therefore, the sports industry makes sports knowledge,
which could not be effectively promoted in real life due to lack of funds and resources, readily
accessible through online sharing platforms [37, 38].

Secondly, the widespread dissemination of information through the Internet has unleashed
the diverse leisure and fitness attributes of sports. The “Internet + Sports” model has optimized
the public path for sports participation and promoted offline physical exercise behaviors [39].
Chris Anderson’s Long Tail theory posits that a sufficient combination of many niche products
can create a market that rivals the mass market [40]. In Internet dissemination, the broadcast-
ing of mass and niche sports coexist [41]. As consumer demands diversify, the status of niche
group broadcasting increases [42]. The Internet has resolved the issue of information
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asymmetry between sports consumers and producers, enabling the precise targeted promotion
of diversified and refined sports resources and achieving a win-win, multi-win, and shared vic-
tory for both sports consumers and producers [43, 44].

Thirdly, the dissemination of Internet information has broadened the channels for individ-
ual information collection, strengthening social networks [45]. Individuals share sports infor-
mation and interact with others about sports due to extreme interpersonal communication on
social networks [46, 47]. However, this also means that online socialization replaces the social
attributes and emotional support of sports, potentially limiting individual sports behavior [48].
Bowby introduced the concept of psychological attachment from the perspective of the rela-
tionship between infants and their mothers [49]. Nowadays, the attachment theory refers to
the emotional connection between an individual and one or more persons, i.e., someone’s psy-
chological tendency to seek closeness with another for a sense of security [50, 51]. Due to the
emergence and development of virtual social platforms, people are influenced by the emotional
bonds formed through interactions with others on the Internet, leading to a psychological
attachment to the Internet and online friends [52].

Based on previous literature, (1) related studies still exhibit some controversy regarding the
relationship between Internet use and physical exercise, without fully considering the situation
of the middle- and younger-aged population; (2) much consideration is given to the impact of
individual factors on physical exercise, with less attention on the influence of other factors
related to the Internet; and (3) from a micro perspective, the impact of Internet use on physical
exercise among the middle- and younger-aged population has not been fully considered and
their associated mechanisms have not been discussed. To address these issues, this study uti-
lized data from the 2018 CFPS to analyze the impact of Internet use on physical exercise
among the middle- and younger-aged population from both theoretical and empirical perspec-
tives. Furthermore, this study used empirical testing to examine the internal mechanisms of
Internet use in relation to physical exercise based on the three major effects of the Internet
(Fig 1). Compared with existing literature, the potential marginal research contributions of
this study are as follows:

1. This study focused on the impact of Internet use on physical exercise behaviors among the
middle- and younger-aged populations. This group accounts for approximately 70% of the
entire Chinese population. Our findings can help with a better understanding of their phys-
ical exercise behavior and can assist policymakers in devising effective interventions to pos-
itively transform residents’ physical exercise behaviors.

2. We refined the measurement indicators of Internet use and constructed a new theoretical
framework. We not only analyzed the impact of usage frequency in the age group on

cost of time due to

Marginal Cost Reducing the marginal
physical exercise

Positive effect

The Long Tail Satisfying the diverse
needs of individuals for
The Impact of Internet Use physical exercise
on Physical Exercise
Attachment Theory [ Replacing Emotional Support
Negative effect in Sport Attitudes to reduce
sport behavior

Fig 1. Internet-physical exercise analytical framework.

https://doi.org/10.1371/journal.pone.0305131.g001
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physical exercise but also further explored the relationship between the purpose of use and
physical exercise. This multidimensional analysis can provide reference for the government
to formulate future policies on Internet use and physical exercise participation.

3. Our research used nationally representative data with a large sample size. As China is a
developing country, this study will facilitate comparisons between the survey findings of
developing and developed nations.

3. Method

This article aims to thoroughly explore how internet use affects physical exercise in the mid-
dle-aged and young population, using the 2018 China Family Panel Studies (CFPS) data for
individuals aged 15 to 59. It treats the frequency of physical exercise as the dependent variable
and internet use as the main independent variable. Given that the frequency of physical exer-
cise is a count variable with varying probabilities of individual events, the paper uses both ordi-
nary least squares and negative binomial regression to build econometric models. To tackle
endogeneity, the article employs the individual’s perceived importance of the internet as an
instrumental variable in its modeling. Subsequently, the paper delves into how the internet
influences physical exercise, drawing on the dual nature of the internet as explained by mar-
ginal cost theory, long tail theory, and attachment theory. Finally, the article performs a het-
erogeneity analysis of physical exercise in the middle- and younger-aged population, focusing
on factors like age, household registration, and employment status.

3.1 Sources of data and variable configuration

This article uses data from the 2018 China Family Panel Studies by Peking University, covering
China’s social, economic, demographic, educational, and health aspects. Data is available at:
https://opendata.pku.edu.cn/. In line with this article’s research requirements, referencing the
“Explanation on the Age Definition of "Youth’ and ’Adolescents™ and the “Statistics Law of the
People’s Republic of China” [53], we retained samples aged 15 to 59 years. Samples with
incomplete or significantly erroneous information were excluded, resulting in 19,588 valid
samples, with males making up 50.2%.

This paper focuses on the physical exercise of the middle- and younger-aged population,
selecting exercise frequency—the number of weekly exercise sessions—as the proxy variable.
Internet use, determined by whether respondents use a mobile phone or computer to access
the internet according to the questionnaire, is the primary independent variable, categorized
as a binary variable. Control variables encompass individual traits, social characteristics, and
occupational traits. Individual characteristics cover gender, age, age squared, education level,
household registration type, marital status, health status, and intelligence level. Education level
is divided into three ascending categories: up to junior middle school, high school/technical
secondary school, and junior college or higher. Household registration types are classified as
agricultural and non-agricultural. Marital status is determined by the number of marital stages.
Health status is a binary variable, determined by the presence or absence of chronic diseases.
Intelligence level is assessed by IQ test scores from the questionnaire. Social network is a con-
tinuous variable, measured by scores for "How good are your interpersonal relationships"
from the questionnaire, where higher scores indicate better relationships. Social status is
divided into five levels, with higher levels indicating greater status. Occupational traits cover
employment status. Employment status is valued from 0 to 2, representing unemployed,
employed, and out of the labor market, respectively. Table 1 displays the specific variable
settings.
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Table 1. Measurements of variables and descriptive statistics.

dependent variable

core independent

variable
individual
characteristics

social
characteristics

Occupational
characteristics

variable

Exercise
frequency

Internet use

gender

age

age party
education level

Household
type
marital status

Health status

intelligence
level

social network
Social status

employment
status

Variable description Observations | mean standard
(percentage) | deviation

Count variable, number of workouts per week 19588 2.179 2.994

A binary variable, depending on whether you use a mobile phone or 19588 0.656 0.475

computer to access the Internet, yes is set to 1, no is set to 0

Binary categorical variable, male is set to 1, female is set to 0 19588 0.502 0.500

continuous variable 19588 40.269 11.063

age squared term 19588 1743.966 882.086

Categorical variables are assigned values in order from low to high education | 19588 0.502 0.770

level. Junior high school and below are set to 0, high school / technical

secondary school is set to 1, and college and above are set to 2.

As a two-category variable, agricultural household registration is set to 1 and | 19588 1.236 0.425

non-agricultural household registration is set to 2.

Number of marriages 19588 0.848 0.362

Binary categorical variable, whether there is a chronic disease, is set to 1 if it is, | 19588 0.119 0.323

and is set to 0 if it is not.

intelligence score 19588 5.174 1.387

Relationship score 19588 7.046 1.889

five-level rating 19588 3.000 1.043

Categorical variables, unemployment is set to 0, being employed is set to 1, 19588 1.246 0.685

and exiting the labor market is set to 2

https://doi.org/10.1371/journal.pone.0305131.t001

3.2 Model construction

The dependent variable, the frequency of physical exercise, is a non-negative integer, hence
the use of a count model. The Poisson model, the most common count model, assumes the
dependent variable follows a Poisson distribution with equal mean and variance—a condition
rarely met in reality. However, negative binomial regression effectively addresses "overdisper-
sion" in reality, improving estimate accuracy. The variance of the exercise frequency sample
(8.966) is over four times its mean (2.179), and the negative binomial regression model’s pre-
dictions align closely with the sample distribution (Fig 2), necessitating negative binomial
regression for analysis. Additionally, this paper uses OLS regression for experimental reference
and applies the instrumental variable method (IV) to minimize endogeneity issues in the
model. The foundational model is established as follows:

Exercise, = a + pInternet, + yC, + p,

(1)

In the equation, the dependent variable Exercise; represents the weekly exercise frequency of the

middle- and younger-aged population; the primary independent variable Internet; represents inter-
net use. Control variables C; include gender, age, squared age, level of education, type of household

registration, marital status, health status, intelligence, social network, social status, employment sta-

tus, etc. Additionally, a represents the constant term, and y; represents the error term.

4. Results
4.1 Descriptive analysis

The analysis of age distribution for internet use reveals that the 28 to 32 years age group has
the highest proportion of users. This proportion decreases as age increases. The age
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4
1

Percentage or probability
2
1

T T T T T T T T
0 5 10 15 20 25 30 35
Weekly exercise frequency

[ The distribution of weekly exercise frequency
-4 Predicted values of negative binomial regression model

Fig 2. Predicted values of sample distribution and negative binomial regression model.

https://doi.org/10.1371/journal.pone.0305131.9002

distribution of physical exercise shows significant peaks within the 28 to 32 and 48 to 55 age
groups (Fig 3). The age distributions for both internet use and physical exercise display similar
patterns. Age groups with higher internet usage also show higher participation in physical
exercise, suggesting a preliminary positive correlation between internet use and physical

exercise.
5 — -
- Percentage of people exercising Percentage of people with access to the Internet
45 VA
4

35

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58

Fig 3. Age-specific distribution of internet use and physical exercise among middle- and younger-aged population
(Unit: %).

https://doi.org/10.1371/journal.pone.0305131.g003
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4.2 Regression results analysis

Table 2 displays the regression results for the impact of internet use on physical exercise in the
middle- and younger-aged population. The OLS regression reveals a significant positive effect of
internet use on exercise frequency. Model 3 focuses exclusively on the impact of internet use on
exercise frequency. The results indicate that each unit increase in internet use boosts the exercise
frequency to 1.131 times the original amount. Building on Model 3, Model 4 additionally consid-
ers individual, social, and occupational characteristics. The findings still indicate a significant posi-
tive correlation, with internet use resulting in a 1.303-fold increase in exercise frequency. The
Lnalpha value is significantly different at the 1% level, suggesting that the sample is well-suited for
negative binomial regression. Future analyses will rely on negative binomial regression results.

4.3 Endogeneity discussion

To address potential issues with causality, sample selection, and omitted variables, this paper
uses the instrumental variable method to remove model endogeneity. We selected individuals’
perceptions of the internet’s importance as the instrumental variable, reasoning that the
greater the perceived importance, the higher the likelihood of its use. This subjective percep-
tion, however, is not associated with physical exercise and is therefore uncorrelated with the
error term. The instrumental variable method was estimated using both OLS and negative
binomial models. Table 3 contains the specific regression results. Model 5 shows Shea’s partial
R” at 0.1997 for the first stage of 2SLS regression, and a minimum eigenvalue statistic of
4885.2, above 10, indicating the absence of weak instrument variable issues. Concurrently, the
Hausman test yielded a P-value of 1.0000, leading to acceptance of the null hypothesis. Given
the traditional Hausman test’s invalidity under heteroskedasticity, we proceeded with a Dur-
bin-Wu-Hausman test. The P-values for both the Chi-square and F-statistics are less than
0.0000, indicating the instrument variable is endogenous. LIML and GMM estimation meth-
ods were also used (Model 6 and 7), yielding robust results. Model 8 and 9 result from a two-
step method used to address endogeneity issues [54]. The first step involves performing a Logit
regression on internet use with the instrumental variable and other controls. The second step
entails conducting a negative binomial regression on exercise frequency using the first step’s
residuals and control variables. Model 8 demonstrates that the internet’s importance signifi-
cantly positively affects its use, validating the internet’s importance as an appropriate instru-
mental variable. Model 9’s regression results reveal significant residuals from Model 8 at the
1% level, with the model passing the joint significance test, suggesting endogeneity in the origi-
nal model. After adjustments, internet use continues to significantly positively affect exercise
frequency among the middle- and younger-aged population, with an increased coefficient.
With internet use resulting in a 1.549-fold increase in exercise frequency. This suggests that
the internet’s impact on exercise frequency is more significant than initially expected.

4.4 Analysis of the mechanism of internet use on physical exercise among
middle- and younger-aged populations

After clarifying the positive impact of Internet use on physical exercise among the middle- and
younger-aged populations, this study further explored the mechanisms through which Inter-
net use affects physical exercise. The previous sections discussed the dual nature of the effect of
the internet on physical exercise based on the marginal cost, long-tail, and attachment theories.
Therefore, we chose individual online learning and entertainment as the positive effects of the
Internet, with online socialization as the negative effect of the internet, to examine the intrinsic
mechanisms of the internet’s impact on physical exercise.
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Table 2. The effect of internet use on the frequency of physical exercise among middle- and younger-aged population.

OLS regression negative binomial regression
Model 1 Model 2 Model 5 Model 6
Exercise frequency Exercise frequency Exercise frequency Exercise frequency
Whether to access the Internet 0.264*** 0.627*** 0.123*** 0.264***
(0.045) (0.054) (0.028) (0.033)
gender 0.137*** 0.066**
(Female = 0) (0.044) (0.027)
age -0.038** -0.005
(0.017) (0.011)
age party 0.001*** 0.000**
(0.000) (0.000)
education level
(Junior high school and below = 0)
High school / technical secondary school 0.453*** 0.209***
(0.062) (0.039)
College degree and above 0.334*** 0.167***
(0.069) (0.043)
Hukou 0.4227** 0.161%**
(Rural household registration = 0) (0.056) (0.035)
marital status -0.174** -0.116***
(0.068) (0.044)
disease 0.344*** 0.152***
(0.066) (0.041)
intelligence level 0.083*** 0.038***
(0.016) (0.010)
social network 0.076*** 0.038™**
(0.012) (0.007)
Social status 0.124*** 0.055***
(0.021) (0.013)
employment status
(unemployed = 0)
employment -0.680*** -0.295**
(0.187) (0.116)
exit the labor market -0.385** -0.180
(0.195) (0.121)
Constant term 2.006™** 0.021 0.696*** -0.411*
(0.036) (0.366) (0.023) (0.234)
Inalpha 1.115%** 1.060***
(0.016) (0.016)
Observations 19588 19588 19588 19588
R? 0.002 0.050 0.000 0.007

Standard deviations are in parentheses.
9 <0.01

#p<0.05

*p<0.1.

https://doi.org/10.1371/journal.pone.0305131.t002
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Table 3. The effect of internet importance on the frequency of physical exercise among youth in physical exercise: IV estimation.

importance of internet

Whether to use the Internet

Model 8 residual value

control variables

Constant term

Inalpha

Observations
R 2

Model 5

2SLS

Exercise frequency
0.460***

OLS regression
Model 6

LIML

Exercise frequency
0.460***

Model 7

GMM

Exercise frequency
0.460™**

negative binomial regression
Model 8

Step 1

Whether to use the Internet
0.731%**

Model 9
Step 2

Exercise frequency

(0.035) (0.035) (0.036) (0.015)
0.466™**
(0.043)
-0.097***
(0.016)
Controlled Controlled Controlled Controlled Controlled
-0.688* -0.688* -0.688* -1.698*** -0.498***
(0.379) (0.379) (0.366) (0.404) (0.180)
1.057***
(0.016)
19588 19588 19588 19588 19588
0.032 0.032 0.032 0.414 0.007

Standard deviations are in parentheses. Control variables include 11 variables including individual characteristics, social characteristics, and occupational

characteristics.
*p<0.01
**p<0.05
*p<0.1

https://doi.org/10.1371/journal.pone.0305131.t003

This study targets middle- and younger-aged Internet users as participants. Based on ques-
tions from the 2018 CFPS questionnaire regarding the frequency of using the Internet, three
indicators, including online learning, entertainment, and online socialization, served as prox-
ies to assess the Internet’s positive and negative effects and a regression model was constructed,
with specific results presented in Table 4.

Initially, online learning emerged as the principal mediator enhancing physical exercise
among middle- and younger-aged individuals, confirmed using OLS and negative binomial
regression analyses. The results from Model 13 indicated that for every unit increase in online
learning, the frequency of physical exercise increased 0.063. Subsequently, upon adjusting for
individual attributes, social factors, and professional characteristics, online entertainment pos-
itively affected exercise frequency among middle- and younger-aged individuals, the frequency
of physical exercise increased 0.018. Its significance and coefficient are lower than those of
online learning. All models consistently revealed a significant adverse effect of online socializa-
tion on individual physical exercise, for every unit increase in online socialization, the fre-
quency of physical exercise reduced 0.023.

Although online socialization’s negative effects partially counteract the positive impacts of
online learning and entertainment, the Internet’s positive influences on physical exercise
among the middle- and younger-aged population significantly outweigh its negatives.

4.5 Analysis of the heterogeneity in physical exercise among middle- and
younger-aged populations
This study conducted a heterogeneity analysis of physical exercise among middle- and youn-

ger-aged populations based on age, household registration type, and employment status, with
specific results shown in Table 5.
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Table 4. Analysis of the role mechanism of online learning, online entertainment, and online socialization.

OLS regression negative binomial regression
Model 10 Model 11 Model 12 Model 13
Exercise frequency Exercise frequency Exercise frequency Exercise frequency
online learning 0.131%** 0.135%** 0.057*** 0.063***
(0.011) (0.012) (0.006) (0.007)
online entertainment -0.007 0.044™** -0.001 0.018**
(0.015) (0.014) (0.009) (0.009)
online socialization -0.090*** -0.038** -0.040*** -0.023**
(0.016) (0.016) (0.009) (0.009)
control variables Uncontrolled Controlled Uncontrolled Controlled
Constant term 2.453%%* 0.952** 0.886™** -0.185
(0.091) (0.441) (0.052) (0.263)
Inalpha 0.8917** 0.818™**
(0.020) (0.020)
Observations 12843 12843 12843 12843
R? 0.012 0.072 0.002 0.010

Standard deviations are in parentheses. The control variables in Models 11 and 13 include 11 variables including individual characteristics, social characteristics, and
occupational characteristics.

=D < 0,01

#p<0.05

*p<0.1.

https://doi.org/10.1371/journal.pone.0305131.t004

Using 35 years as the threshold, this study found that Internet usage does not significantly
affect physical exercise among those aged 35 years and below but has a significant impact on
those above 35 years. Model 15 shows that among the population over 35 years, with internet
use resulting in the frequency of physical exercise increased to 1.37 times. Model 16 and 17
show that Internet use had a positive effect on physical exercise among middle- and younger-
aged populations with different household registration types, for the agricultural household
registration group, the frequency of physical exercise will increase by 0.260, whereas for the
non-agricultural household registration group, it will increase by 0.250. Internet use had a pos-
itive effect on physical exercise with who are employed or have exited the labor market, with
an observed increase by 0.280 and 0.196, respectively. There is no significant impact on the
unemployed group.

5. Discussions

Initially, our findings revealed that middle- and younger-aged individuals, as key participants
in Internet usage and physical exercise, can benefit positively from the Internet’s impact on
physical activity. Concerning the link between Internet usage and physical exercise, prior
research has yielded two distinct conclusions. Firstly, Internet usage can enhance individuals’
engagement in physical activities. For instance, the Chinese General Social Survey data from
China demonstrate that residents who regularly used the Internet partook in considerably
more physical activity [55]. Comparable outcomes have been verified in Europe [56]. Sec-
ondly, Internet usage has a suppressive effect on individuals’ participation in physical exer-
cises. For instance, the Internet can result in sedentary behaviors among individuals,
subsequently diminishing their participation in physical activities [57]. Additional research
has also indicated that lower physical activity levels are linked to Internet usage [58]. Our
study’s findings endorse the first perspective.
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Table 5. Analysis of the heterogeneity of internet use on physical exercise among middle- and younger-aged populations: A negative binomial regression.

Model 14 Model 15

Model 16 Model 17 Model 18 Model 19 Model 20
35 years old and | Over 35 years | Agricultural household Non- unemployment | Working exit the labor
old registration agricultural market
the following Hukou
Exercise Exercise Exercise frequency Exercise Exercise Exercise Exercise
frequency frequency frequency frequency frequency frequency
Whether to use the 0.045 0.315%** 0.260%** 0.250*** 0.322 0.280%** 0.196**
Internet
(0.075) (0.039) (0.041) (0.061) (0.254) (0.036) (0.093)
control variables Controlled Controlled Controlled Controlled Controlled Controlled Controlled
Constant term -1.237 -1.638 -0.276 -0.169 0.369 -0.521%* -1.591%%*
(0.760) (1.105) (0.294) (0.391) (1.241) (0.233) (0.551)
Inalpha 1.030*** 1.069™** 1.283*** 0.365*** 0.4227%** 1.054*** 1.138™**
(0.027) (0.021) (0.019) (0.034) (0.147) (0.018) (0.045)
Observations 7428 11687 14967 4621 249 16807 2532
R? 0.004 0.008 0.005 0.011 0.019 0.006 0.012

Standard deviations are in parentheses. The control variables in Models 14 and 15 include 11 variables including individual characteristics, social characteristics, and
occupational characteristics. The control variables in Models 16 and 17 include 10 variables including individual characteristics, social characteristics, and occupational

characteristics. The control variables in Models 18-20 include 10 variables including individual characteristics and social characteristics.

#%p.<0.01
**p<0.05
*p<0.1.

https://doi.org/10.1371/journal.pone.0305131.t005

Secondly, regarding the mediating mechanisms, online learning and entertainment pro-
mote physical exercise among young and middle-aged adults, while online socialization inhib-
its participation. Our study diverges from previous views [49] and according to the Dual
Process Theory, posits that online learning involves explicit, conscious processes, while online
entertainment and online socialization involve implicit (automatic), unconscious processes.
Online learning is purposeful, leading young and middle-aged adults to deliberately and con-
sciously increase their physical exercise participation. Online entertainment intuitively and
emotionally promotes physical exercise in young and middle-aged adults because it can trigger
dopamine release and enhance subjective well-being. Online socialization, due to its implicit,
unconscious, emotional attachments and its nature of networked individualism, leads young
and middle-aged adults to spend more time on the Internet. It replaces the emotional dimen-
sion of attitudes toward sports and the social attributes of sports and makes people more likely
to alleviate social anxiety and loneliness directly through online social interactions rather than
fulfilling their psychological needs through social interactions during physical exercise [59].

Lastly, we also found that Internet use has a more pronounced impact on the younger- and
middle-aged population over 35 years of age. According to the Health Belief Model, people
aged over 35 years have deeper self-awareness and are more adept at using the Internet to
obtain health information and improve their health level [60, 61]. This indicates that the Inter-
net can reduce the health disparities among residents of different ages. Additionally, Internet
use had a significant positive effect on physical exercise among the younger- and middle-aged
population who are employed or have exited the labor market, with increases by 0.280 and
0.196, respectively. However, no significant effect was observed among the unemployed youn-
ger- and middle-aged population. We believe this is because the fitness participation of the
unemployed group faces challenges such as a lack of positive mindset and favorable economic
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conditions, absence of scientific guidance, and lack of facilities. Therefore, the impact of the
Internet on their physical exercise participation is very limited.

Based on our findings, we propose the following policy recommendations to enhance the
role of the Internet in encouraging the participation of younger- and middle-aged groups in
physical exercise. Firstly, regarding emotional attachment in online socialization, we recom-
mend that the government utilizes new media platforms such as TikTok and YouTube to lead
physical exercise initiatives [62]. Regarding social capital, these platforms reduce the digital
divide among different young and middle-aged individuals and transform the viewing model
of physical exercise guidance into interactive forms such as bullet comments, check-ins, and
connections [63]. Young and middle-aged individuals can discover a sense of self-presence in
physical exercise on social networking platforms. Secondly, regarding the physical exercise age
boundary of 35 years observed among the younger- and middle-aged population, we suggest
that the government disseminates more scientific fitness knowledge through the Internet to
facilitate active fitness awareness among the youth under 35 years old. The population below
35 years old relatively lack self-discipline [64]; thus, in formulating related policies, it is crucial
to consider the distribution of Internet and sports resources among the youth under 35 years
to further promote a balance between Internet services and public sports facilities for different
age groups [65]. Lastly, as the unemployed younger- and middle-aged population are unable
to significantly benefit from Internet use in terms of physical exercise participation, we recom-
mend that the government focuses on the health behaviors of the unemployed. Unemployed
individuals, having lost income and the opportunity to work, do not only lose material
resources but also suffer in terms of intangible gains [66]. This includes losing a structured
daily routine, severing ties with colleagues in previous workplaces, etc. The low subjective
well-being and increased feelings of loneliness among such individuals necessitate focused
government attention, including the provision of services such as sports medicine consulta-
tions provided by the government.

6. Limitations

This study has certain limitations. Firstly, this study assessed the impact of Internet use on
physical exercise among the middle- and younger-aged population using a cross-sectional
design. The study lacks longitudinal analysis, particularly in terms of the physical activity status
of Chinese residents after experiencing the COVID-19 pandemic isolation policies. In the
future, we will collect empirical data to further explore the impact of Internet use on physical
exercise among middle- and young-aged people in the post-COVID-19 era. Secondly, com-
pared with previous studies, although we further limit the study population to the middle- and
younger-aged population and identify the inhibitory role of online socialization, differentia-
tion in the specific manifestations of different mediating effects across various age groups is
lacking. In the future, we plan to investigate research indicators related to the population
under 35 years old for further exploration and explanation.

7. Conclusions

Prior research has primarily focused on how Internet use affects the physical and psychological
health of the elderly and youth, with little systematic examination of the relationship and
mechanisms between Internet use and sports participation in the middle- and younger-aged
population. Based on the CFPS2018 data, this study empirically analyzed the relationship
between internet use and physical exercise among middle- and younger-aged people in the
context of a digital society, summarizing the positive and negative effects of the Internet on
physical exercise using the marginal cost, the long tail, and attachment theories. We found that
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(1) Internet use significantly increases the frequency of physical exercise among middle- and
younger-aged populations, with each unit increase in individual internet use increasing the
frequency of physical exercise to 1.549 times its original value; (2) Currently, the positive
effects of the Internet outweigh its negative effects, promoting individual physical exercise
effectively. The positive effects of the Internet were primarily realized through online learning
and entertainment, which increased the frequency of physical exercise among the middle- and
younger-aged population by 0.063 and 0.018, respectively. The adverse effects of the Internet
manifested through online social interactions, reducing the frequency by 0.023; and (3) The
influence of Internet usage is notably greater among individuals aged over 35 years, with inter-
net use resulting in the frequency of physical exercise increased to 1.37 times. Moreover, Inter-
net use significantly positively influenced physical exercise among the middle- and younger-
aged populations who were employed or had exited the labor market, demonstrates the robust-
ness of the obtained results.

Acknowledgments

Thanks to the Institute of Social Science Survey of Peking University for providing the data
and all persons who provided guidance for the study.

Author Contributions

Conceptualization: Hao Chen.

Data curation: Hao Chen, Tingpimei Zhang.

Formal analysis: Yihao Li, Weifeng Zhao, Wei Xu.
Funding acquisition: Tingpimei Zhang.

Investigation: Hao Chen.

Methodology: Tingpimei Zhang.

Resources: Yihao Li.

Software: Tingpimei Zhang.

Supervision: Tingpimei Zhang, Yihao Li.

Validation: Hao Chen, Tingpimei Zhang.
Visualization: Weifeng Zhao, Wei Xu.

Writing - original draft: Hao Chen, Tingpimei Zhang.
Writing - review & editing: Tingpimei Zhang, Yihao Li.

References

1. National Fitness Plan (2021-2025). 2021 Aug 3 [Cited 2024 Dec 11]. Available from: https://www.gov.
cn/zhengce/content/2021-08/03/content_5629218.htm.

2. Physical Education and Physical Activity. 2019 Sep 8 [Cited 2024 Dec 13]. Available from: https://
health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf.

3. Hamalainen R. M., Sandu P., Syed A. M., & Jakobsen M. W. (2016). An evaluation of equity and equal-
ity in physical activity policies in four European countries. International journal for equity in health, 15,
1-13.

4. JiangC., ZhangY.F., CaiR., Zhang Y. M., Wang M., Meng Y. Z., et al. (2009). Analysis on current con-
dition of participating in physical exercise for both urban and rural residents in china in 2007. China
Sports Science, 1, 9-19.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305131  July 3, 2024 14/17


https://www.gov.cn/zhengce/content/2021-08/03/content_5629218.htm
https://www.gov.cn/zhengce/content/2021-08/03/content_5629218.htm
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://doi.org/10.1371/journal.pone.0305131

PLOS ONE Relationship and mechanisms between internet use and physical exercise among middle- and younger-aged groups

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Graham C., Zhou S., & Zhang J. (2017). Happiness and health in China: The paradox of progress.
World development, 96, 231-244.

Drieling R. L., Ma J., Thiyagarajan S., & Stafford R. S. (2011). An Internet-based osteoporotic fracture
risk program: effect on knowledge, attitudes, and behaviors. Journal of Women’s Health, 20(12), 1895—
1907. https://doi.org/10.1089/jwh.2010.2515 PMID: 21970565

Peyman N., Rezai-Rad M., Tehrani H., Gholian-Aval M., Vahedian-Shahroodi M., & Heidarian Miri H.
(2018). Digital Media-based Health Intervention on the promotion of Women'’s physical activity: a quasi-
experimental study. BMC public health, 18(1), 1-7. https://doi.org/10.1186/s12889-018-5025-5 PMID:
29334970

Hunsaker A., Hargittai E., & Micheli M. (2021). Relationship between internet use and change in health
status: panel study of young adults. Journal of Medical Internet Research, 23(1), e22051. https://doi.
org/10.2196/22051 PMID: 33439134

Bennett G. G., Herring S. J., Puleo E., Stein E. K., Emmons K. M., & Gillman M. W. (2010). Web-based
weight loss in primary care: a randomized controlled trial. Obesity, 18(2), 308—313. https://doi.org/10.
1038/0by.2009.242 PMID: 19696764

Hartman S. J., Dunsiger S. |., Bock B. C., Larsen B. A., Linke S., Pekmezi D., et al. (2017). Physical
activity maintenance among Spanish-speaking Latinas in a randomized controlled trial of an Internet-
based intervention. Journal of behavioral medicine, 40, 392—402. https://doi.org/10.1007/s10865-016-
9800-4 PMID: 27752866

Bansal G., Rajgopal K., Chamola V., Xiong Z., & Niyato D. (2022). Healthcare in metaverse: A survey
on current metaverse applications in healthcare. leee Access, 10, 119914—119946.

Choi J., ChoH., Lee S., Kim J., & Park E. C. (2018). Effect of the online game shutdown policy on inter-
net use, internet addiction, and sleeping hours in Korean adolescents. Journal of Adolescent Health, 62
(5), 548-555. https://doi.org/10.1016/j.jadohealth.2017.11.291 PMID: 29434003

Xavier A. J., d'Orsi E., de Oliveira C. M., Orrell M., Demakakos P., Biddulph J. P., et al. (2014). English
Longitudinal Study of Aging: can Internet/E-mail use reduce cognitive decline?. Journals of Gerontology
Series A: Biomedical Sciences and Medical Sciences, 69(9), 1117—-1121. https://doi.org/10.1093/
gerona/glu105 PMID: 25116923

The 52nd Statistical Report on the Development of the Internet in China. 2023 Aug 28 [Cited 2024 Dec
14]. Available from: https://www.cnnic.net.cn/n4/2023/0828/c88-10829.html.

BinDhim N. F., Althumiri N. A., Al-Duraihem R. A., Alasmary S., Alkhamaali Z., & Alhabeeb A. A.
(2023). Association between daily use of social media and behavioral lifestyles in the Saudi community:
a cross-sectional study. Frontiers in Public Health, 11. https://doi.org/10.3389/fpubh.2023.1254603
PMID: 37876715

National Physical Fitness Monitoring. Bulletin of the 2020 Survey on the Status of Fitness Activities for
All. General Administration of Sport of China. 2022 Jun 7 [Cited 2023 Dec 7]. Available from:https://
www.sport.gov.cn/n315/n329/c24335053/content.html.

Van Tuyckom C., & Scheerder J. (2010). A multilevel analysis of social stratification patterns of leisure-
time physical activity among Europeans. Science & Sports, 25(6), 304-311.

XuW., & Zhu Y. J. (2020). The trend of sports participation stratification and Its Influencing factors. J
Sports Res, 34, 77-86.

BullF. C., Al-Ansari S. S., Biddle S., Borodulin K., Buman M. P., Cardon G., et al. (2020). World Health
Organization 2020 guidelines on physical activity and sedentary behaviour. British journal of sports
medicine, 54(24), 1451-1462. https://doi.org/10.1136/bjsports-2020-102955 PMID: 33239350

Sallis J. F. (2000). Age-related decline in physical activity: a synthesis of human and animal studies.
Medicine & Science in Sports & Exercise, 32(9), 1598—1600. https://doi.org/10.1097/00005768-
200009000-00012 PMID: 10994911

Wangfu B. (2019). Family capital and parenting style: Family class differences in adolescent physical
activity. China Sport Science, 39, 48-57.

Scheerder J., Taks M., Vanreusel B., & Renson R. (2005). Social changes in youth sports participation
styles 1969-1999: the case of Flanders (Belgium). Sport, Education and Society, 10(3), 321-341.

Maruyama S., & Yin Q. (2012). The opportunity cost of exercise: do higher-earning Australians exercise
longer, harder, or both?. Health Policy, 106(2), 187—194. https://doi.org/10.1016/j.healthpol.2012.083.
013 PMID: 22522005

Murakami K., Hashimoto H., Lee J. S., Kawakubo K., Mori K., & Akabayashi A. (2011). Distinct impact
of education and income on habitual exercise: a cross-sectional analysis in a rural city in Japan. Social
Science & Medicine, 73(12), 1683—-1688.

Liu C., Wang Q., & Qian J. (2015). The influence of sports apps on the promotion of physical exercise
behavior and the formation of exercise habits. J Nanjing Sport Inst, 29, 109—-15.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305131  July 3, 2024 15/17


https://doi.org/10.1089/jwh.2010.2515
http://www.ncbi.nlm.nih.gov/pubmed/21970565
https://doi.org/10.1186/s12889-018-5025-5
http://www.ncbi.nlm.nih.gov/pubmed/29334970
https://doi.org/10.2196/22051
https://doi.org/10.2196/22051
http://www.ncbi.nlm.nih.gov/pubmed/33439134
https://doi.org/10.1038/oby.2009.242
https://doi.org/10.1038/oby.2009.242
http://www.ncbi.nlm.nih.gov/pubmed/19696764
https://doi.org/10.1007/s10865-016-9800-4
https://doi.org/10.1007/s10865-016-9800-4
http://www.ncbi.nlm.nih.gov/pubmed/27752866
https://doi.org/10.1016/j.jadohealth.2017.11.291
http://www.ncbi.nlm.nih.gov/pubmed/29434003
https://doi.org/10.1093/gerona/glu105
https://doi.org/10.1093/gerona/glu105
http://www.ncbi.nlm.nih.gov/pubmed/25116923
https://www.cnnic.net.cn/n4/2023/0828/c88-10829.html
https://doi.org/10.3389/fpubh.2023.1254603
http://www.ncbi.nlm.nih.gov/pubmed/37876715
https://www.sport.gov.cn/n315/n329/c24335053/content.html
https://www.sport.gov.cn/n315/n329/c24335053/content.html
https://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.1097/00005768-200009000-00012
https://doi.org/10.1097/00005768-200009000-00012
http://www.ncbi.nlm.nih.gov/pubmed/10994911
https://doi.org/10.1016/j.healthpol.2012.03.013
https://doi.org/10.1016/j.healthpol.2012.03.013
http://www.ncbi.nlm.nih.gov/pubmed/22522005
https://doi.org/10.1371/journal.pone.0305131

PLOS ONE Relationship and mechanisms between internet use and physical exercise among middle- and younger-aged groups

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

GaoZ., Lee J. E., McDonough D. J., & Albers C. (2020). Virtual reality exercise as a coping strategy for
health and wellness promotion in older adults during the COVID-19 pandemic. Journal of clinical medi-
cine, 9(6), 1986. https://doi.org/10.3390/jcm9061986 PMID: 32630367

Fotheringham M. J., Wonnacott R. L., & Owen N. (2000). Computer use and physical inactivity in young
adults: public health perils and potentials of new information technologies. Annals of Behavioral Medi-
cine, 22(4), 269-275. https://doi.org/10.1007/BF02895662 PMID: 11253437

Kerner M. S., Kalinski M., Kurrant A. B., Small E., Spatz E., & Gropack S. (2001). Leisure-time Internet
use does not correlate with physical activity or physical fitness level of ninth grade African-American
girls. Pediatric Exercise Science, 13(4), 402—412.

Derbyshire K. L., Lust K. A., Schreiber L. R., Odlaug B. L., Christenson G. A., Golden D. J., et al (2013).
Problematic Internet use and associated risks in a college sample. Comprehensive psychiatry, 54(5),
415-422. https://doi.org/10.1016/j.comppsych.2012.11.003 PMID: 23312879

Kobak M. S., Lepp A., Rebold M. J., Faulkner H., Martin S., & Barkley J. E. (2018). The effect of the
presence of an internet-connected Mobile tablet computer on physical activity behavior in children.
Pediatric Exercise Science, 30(1), 150—156. https://doi.org/10.1123/pes.2017-0051 PMID: 29376457

Webb T., Joseph J., Yardley L., & Michie S. (2010). Using the internet to promote health behavior
change: a systematic review and meta-analysis of the impact of theoretical basis, use of behavior
change techniques, and mode of delivery on efficacy. Journal of medical Internet research, 12(1),
e1376. https://doi.org/10.2196/jmir.1376 PMID: 20164043

Ko C.H., YenJ. Y, LiuS.C.,Huang C. F., & Yen C. F. (2009). The associations between aggressive
behaviors and Internet addiction and online activities in adolescents. Journal of Adolescent Health, 44
(6), 598-605. https://doi.org/10.1016/j.jadohealth.2008.11.011 PMID: 19465325

Goodyear V. A, Casey A., & Quennerstedt M. (2018). Social media as a tool for generating sustained
and in-depth insights into sport and exercise practitioners’ ongoing practices. Qualitative Research in
Sport, Exercise and Health, 10(1), 1-16.

Rifkin J. (2014). The zero marginal cost society: The internet of things, the collaborative commons, and
the eclipse of capitalism. St. Martin’s Press.

Bakos Y., & Brynjolfsson E. (2000). Bundling and Competition on the Internet. Marketing science, 19
(1), 63-82.

Quah D. (2003). Digital goods and the new economy. Available at SSRN 410604.

Cheng F., Chen T., & Chen Q. (2019). Matching donations based on social capital in Internet crowd-
funding can promote cooperation. Physica A: Statistical Mechanics and its Applications, 531, 121766.

Whiteman G. The zero marginal cost society: the internet of things, the collaborative commons, and the
eclipse of capitalism.

Parker K., Brown H. L., & Salmon J. (2023). Are There Common Correlates of Adolescents’ Sport Par-
ticipation and Screen Time?. Research Quarterly for Exercise and Sport, 94(2), 374-382. https://doi.
org/10.1080/02701367.2021.1998305 PMID: 35352992

Anderson C., Nissley C., & Anderson C. (2006). The long tail.

Brynjolfsson E., Hu Y., & Simester D. (2011). Goodbye pareto principle, hello long tail: The effect of
search costs on the concentration of product sales. Management science, 57(8), 1373—1386.

Brynjolfsson E., Hu Y., & Rahman M. S. (2009). Battle of the retail channels: How product selection and
geography drive cross-channel competition. Management Science, 55(11), 1755—-1765.

Hinz O., Eckert J., & Skiera B. (2011). Drivers of the long tail phenomenon: an empirical analysis. Jour-
nal of management information systems, 27(4), 43-70.

Gu B., Tang Q., & Whinston A. B. (2013). The influence of online word-of-mouth on long tail formation.
Decision Support Systems, 56, 474—481.

Zhong H. M., XuH. B., Guo E. K., Li J., & Wang Z. H. (2022). Can internet use change sport participa-
tion behavior among residents? Evidence from the 2017 Chinese General Social Survey. Frontiers in
Public Health, 10, 837911.

Dalen H. B., & Seippel @. (2021). Friends in sports: Social networks in leisure, school and social media.
International journal of environmental research and public health, 18(12), 6197. https://doi.org/10.
3390/ijerph18126197 PMID: 34201132

Nascimento H., Martinez-Perez C., Alvarez-Peregrina C., & Sanchez-Tena M. A. (2021). The Role of
Social Media in Sports Vision. International Journal of Environmental Research and Public Health, 18
(10), 5354. https://doi.org/10.3390/ijerph18105354 PMID: 34069821

Kuo T., & Tang H. L. (2014). Relationships among personality traits, Facebook usages, and leisure
activities—A case of Taiwanese college students. Computers in Human Behavior, 31, 13-19.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305131  July 3, 2024 16/17


https://doi.org/10.3390/jcm9061986
http://www.ncbi.nlm.nih.gov/pubmed/32630367
https://doi.org/10.1007/BF02895662
http://www.ncbi.nlm.nih.gov/pubmed/11253437
https://doi.org/10.1016/j.comppsych.2012.11.003
http://www.ncbi.nlm.nih.gov/pubmed/23312879
https://doi.org/10.1123/pes.2017-0051
http://www.ncbi.nlm.nih.gov/pubmed/29376457
https://doi.org/10.2196/jmir.1376
http://www.ncbi.nlm.nih.gov/pubmed/20164043
https://doi.org/10.1016/j.jadohealth.2008.11.011
http://www.ncbi.nlm.nih.gov/pubmed/19465325
https://doi.org/10.1080/02701367.2021.1998305
https://doi.org/10.1080/02701367.2021.1998305
http://www.ncbi.nlm.nih.gov/pubmed/35352992
https://doi.org/10.3390/ijerph18126197
https://doi.org/10.3390/ijerph18126197
http://www.ncbi.nlm.nih.gov/pubmed/34201132
https://doi.org/10.3390/ijerph18105354
http://www.ncbi.nlm.nih.gov/pubmed/34069821
https://doi.org/10.1371/journal.pone.0305131

PLOS ONE Relationship and mechanisms between internet use and physical exercise among middle- and younger-aged groups

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Goldberg S., Muir R., & Kerr J. (Eds.). (2013). Attachment theory: Social, developmental, and clinical
perspectives. Routledge.

Rothbaum F., Rosen K., Ujiie T., & Uchida N. (2002). Family systems theory, attachment theory, and
culture. Family process, 41(3), 328-350. https://doi.org/10.1111/j.1545-5300.2002.41305.x PMID:
12395563

Jenkins-Guarnieri M. A., Wright S. L., & Hudiburgh L. M. (2012). The relationships among attachment
style, personality traits, interpersonal competency, and Facebook use. Journal of Applied Developmen-
tal Psychology, 33(6), 294-301.

Hart J., Nailling E., Bizer G. Y., & Collins C. K. (2015). Attachment theory as a framework for explaining
engagement with Facebook. Personality and Individual Differences, 77, 33-40.

National Bureau of Statistics. Statistics Law of the People’s Republic of China. National Bureau of Sta-
tistics. 2009 Jun 29 [Cited 2023 Dec 7].Available from:https://www.stats.gov.cn/gk/tjfg/tjfl/202302/
t20230206_1901827.html.

Hilbe J. M. (2011). Negative binomial regression. Cambridge University Press.

Wang S., Guo K., & Lu W. (2021). Will internet use promote physical exercise for the elderly in China?
An empirical analysis based on CGSS. J. Sport. Res, 35, 62—-70.

Kearns A., & Whitley E. (2019). Associations of internet access with social integration, wellbeing and
physical activity among adults in deprived communities: Evidence from a household survey. BMC Pub-
lic Health, 19(1), 1-15.

Mclaughlin M., Delaney T., Hall A., Byaruhanga J., Mackie P., Grady A., et al. (2021). Associations
between digital health intervention engagement, physical activity, and sedentary behavior: systematic
review and meta-analysis. Journal of medical Internet research, 23(2), e23180. https://doi.org/10.2196/
23180 PMID: 33605897

Sahin M., & Lok S. (2018). Relationship between physical activity levels and internet addiction of adults.
J Depress Anxiety, 7(2), 1-4.

Ellison Nicole B. (2006). The benefits of Facebook" Friends:" social capital and college students’ use of
online social network sites. Journal of Computer-Mediated Communication, 12, 1143-1168.

Kiely K., Mase W. A., Hansen A. R., & Schwind J. (2022). Association between the Health Belief Model,
Exercise, and Nutrition Behaviors during the COVID-19 Pandemic. International Journal of Environmen-
tal Research and Public Health, 19(23), 15516. https://doi.org/10.3390/ijerph192315516 PMID:
36497591

LinY.,HuZ., Zhao Q., Alias H., Danaee M., & Wong L. P. (2020). Understanding COVID-19 vaccine
demand and hesitancy: A nationwide online survey in China. PLoS neglected tropical diseases, 14(12),
e0008961. https://doi.org/10.1371/journal.pntd.0008961 PMID: 33332359

Jang C. W., Kim M., Kang S. W., & Cho H. E. (2022, August). Reliability, quality, and educational suit-
ability of Tiktok videos as a source of information about scoliosis exercises: A cross-sectional study. In
Healthcare (Vol. 10, No. 9, p. 1622). MDPI. hitps://doi.org/10.3390/healthcare10091622 PMID:
36141233

Zhang X., Feng S., Peng R., & Li H. (2022). Using structural equation modeling to examine pathways
between physical activity and sleep quality among Chinese TikTok users. International Journal of Envi-
ronmental Research and Public Health, 19(9), 5142. https://doi.org/10.3390/ijerph19095142 PMID:
35564536

Manaf H. (2013). Barriers to participation in physical activity and exercise among middle-aged and
elderly individuals. Singapore Med J, 54(10), 581-586. https://doi.org/10.11622/smed}.2013203 PMID:
24154584

Byrne H., Caulfield B., & De Vito G. (2018). Self-directed exercise programmes in sedentary middle-
aged individuals in good overall health; a systematic review. Preventive Medicine, 114, 156—163.
https://doi.org/10.1016/j.ypmed.2018.07.007 PMID: 30003896

Kroll L. E., Miters S., & Lampert T. (2016). Arbeitslosigkeit und ihre Auswirkungen auf die Gesundheit.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305131  July 3, 2024 17/17


https://doi.org/10.1111/j.1545-5300.2002.41305.x
http://www.ncbi.nlm.nih.gov/pubmed/12395563
https://www.stats.gov.cn/gk/tjfg/tjfl/202302/t20230206_1901827.html
https://www.stats.gov.cn/gk/tjfg/tjfl/202302/t20230206_1901827.html
https://doi.org/10.2196/23180
https://doi.org/10.2196/23180
http://www.ncbi.nlm.nih.gov/pubmed/33605897
https://doi.org/10.3390/ijerph192315516
http://www.ncbi.nlm.nih.gov/pubmed/36497591
https://doi.org/10.1371/journal.pntd.0008961
http://www.ncbi.nlm.nih.gov/pubmed/33332359
https://doi.org/10.3390/healthcare10091622
http://www.ncbi.nlm.nih.gov/pubmed/36141233
https://doi.org/10.3390/ijerph19095142
http://www.ncbi.nlm.nih.gov/pubmed/35564536
https://doi.org/10.11622/smedj.2013203
http://www.ncbi.nlm.nih.gov/pubmed/24154584
https://doi.org/10.1016/j.ypmed.2018.07.007
http://www.ncbi.nlm.nih.gov/pubmed/30003896
https://doi.org/10.1371/journal.pone.0305131

