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Abstract

Background: Depression isawidespread mental health issue affecting older adults globally, with substantial implications for
their well-being. Although digital interventions have proven effective in high-income countries, research on the potentia of
internet usage to alleviate depression among older adults in high-income countries remains limited.

Objective: Thisstudy aimed to examine the impact of internet usage on depression among older adultsin high-income countries
by developing a comprehensive theoretical framework and testing key hypotheses.

Methods: Using data from the China Health and Retirement Longitudinal Study (CHARLYS), a 2-stage instrumental variable
approach was applied to address endogeneity and estimate causal relationships between internet usage and depression.

Results: The findings indicate that internet usage results in a 1.41% reduction in depression levels among older adults. This
effect is mediated by four primary mechanisms: (1) enhanced socia interaction, (2) increased physical activity, (3) improved
intergenerational contact, and (4) expanded access to educational opportunities. A heterogeneity analysis revealed that these
effects are more pronounced in urban areas, eastern regions, and regions with superior internet infrastructure.

Conclusions: Internet usage plays a crucial role in aleviating depression among older adults in high-income countries, with
regiona variations. Thefindings highlight the need for targeted policy interventionsto improve internet access and digital literacy,
which can mitigate depression and enhance the mental health of older adults.

(J Med Internet Res 2025;27:€65399) doi: 10.2196/65399

KEYWORDS
internet usage; depression; older people; mechanism; heterogeneity; mobile phone

: individuals aged 65 years and older are projected to make up
Introduction over 11% of the total population in the region. Mental health
Background issues among this demographic, particularly depression, are

becoming a growing concern. A study by the Asian Mental

Depression is a prevalent psychological and mental health
condition. Globally, the prevalence of depression among the
older population aged 60 years and above is 5.7%. This issue
is even more pronounced in low- and middle-income countries
[1]. Data from the United Nations Economic and Socid
Commission for Asia and the Pecific indicate that the older
population in Southeast Asia is growing rapidly. By 2030,
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Health Association shows that depression is particularly
prevalent among older adults in Southeast Asia. This is
especialy true for older adults affected by loneliness, physical
health issues, and lifestyle changes, which can contribute to
higher rates of depression. Common symptoms of depression
in older adultsinclude feelings of isolation, sleep disturbances,
and low mood [2].
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In China, the prevalence of depression among older adults is
estimated to be as high as 25.55% [3]. From 2020 to 2050,
Chind's older population aged 60 years and older is projected
to increase from 263 million to 522 million, with its proportion
of the total population rising from 18.7% to 39.5% [4].
Depression significantly affects the quality of life, daily
activities, incidence of geriatric diseases, and suicide rates
among older adults [5,6]. It not only causes severe harm to the
physical and mental health of older adults but also imposes a
significant burden on society. Estimates suggest that health care
expenditures for individual s with depression are 50% to 100%
higher than for those without depression [7]. Thus, effectively
alleviating depression among older adults has become an urgent
global health issue.

In recent years, information and communication technol ogy has
been recognized as a potential factor for alleviating depression
in older adults[8]. Studiesin early-aging countries such asthe
United Kingdom, the United States, Japan, and South Korea
have confirmed that digital interventions can effectively alleviate
depression among older adults [9-11]. Internet usage in
Southeast Asia has experienced a significant upward trend in
recent years. Statista reports that the internet penetration rate
in the region was about 67.1% in 2024, with most countries
exceeding a 70% penetration rate. However, smaller countries
like Laos, Myanmar, and Timor-L este havelower internet access
rates, although improvements are ongoing. Digital technologies
are increasingly applied in health management and social
connectivity, with the widespread use of smartphones and
wearable devices offering older adults comprehensive platforms
for health monitoring and social interaction [12].

As the world's largest high-income country, China had 119
million older internet users by the end of 2021, with an internet
penetration rate of 43.2% among older adults. This raises a
critical question: can internet usage effectively alleviate
depression among older adults in China, and what are the
potential mechanisms at play? Unfortunately, the academic
community has paid insufficient attention to this issue, with
few studies providing rigoroustheoretical analysisand empirical
evidence. To fill this gap, this paper investigates the causal
rel ationship between internet usage and depression among ol der
adults from both theoretical and empirical perspectives. The
study aims to elucidate the underlying mechanisms and assess
the impact of internet usage, thereby providing evidence from
high-income countries to improve the mental health of older
adults.

The primary challenge of this study is the inherent issue of
reverse causality between internet usage and depression among
older adults. Internet usage may influence depression among
older adults, and conversely, depression may affect internet
usage among older adults. This potential endogeneity problem
significantly disrupts causal inference, greatly reducing the
reliability of the regression coefficients. Existing studies have
inadequately addressed this issue. The 2-stage instrumental
variable (IV) method is widely regarded as one of the most
effective approaches to overcome potential endogeneity issues
[13]. By using an exogenous instrument, this method aims to
eliminate the endogeneity of the primary variable, thereby
enabling precise estimation of the regression coefficients. This
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approach requires the 1V to be correlated with the primary
variable while being exogenous to the error term.

This paper innovatively uses the National Big Data
Comprehensive Pilot Zone policy as an IV for internet usage,
using the 2-stage 1V method to achieve more accurate causal
identification. The National Big Data Comprehensive Pilot Zone
policy, through the development of age-friendly applications
and digital literacy training, significantly increases internet
usage among older adults, meeting the relevant criterion.
Simultaneously, depression among older adults does not
influence the National Big Data Comprehensive Pilot Zone
policy, satisfying the exogeneity criterion. In addition, to further
eliminate endogeneity caused by omitted variables, this paper
controls both time-fixed effects and individual-fixed effectsin
the 2-stage |V approach.

Compared with existing studies, this paper offers several
potential contributions: First, this study provides a rigorous
analysis of the causal relationship between internet usage and
depression among older adults, both theoretically and
empirically, thereby contributing to the literature on the mental
health of older adults. Second, it is the first to use the 2-stage
IV approach for a stringent empirical examination, effectively
mitigating endogeneity issuesin regression analysis, and thereby
enriching existing empirical methodologies. Third, this paper
conducts a heterogeneity analysis across different regions,
expanding on current research that mostly focuses on
heterogeneity based on demographic characteristics, thus
broadening the scope of existing studies. Finally, we offer
several specific and actionable policy recommendations,
providing a basis for decision-making to improve the mental
health of older adultsin other high-income countries.

The remainder of this paper is organized asfollows: (1) section
2 proposes testable theoretical hypotheses; (2) section 3
discusses empirical design, including data sources, econometric
models, and variable definitions; (3) section 4 presents a series
of empirical tests and provides an in-depth discussion of the
results; and (4) section 5 concludes with the findings, policy
recommendations, and limitations.

Theoretical Hypotheses

Social | nteraction Effect

Social networks refer to stable relationships formed through
mutual connections among individuals and social members,
encompassing both online and offline networks. Among these,
family and friend networks constitute the most crucial offline
socia networks for older adults. However, due to physical
decline, generation gaps, and children moving away or being
busy with work, older adults find it challenging to maintain
offline social networks. With the proliferation of the digital
society, the internet provides a new social platform for older
adults, helping them engagein socia interactions, learning, and
shopping, thereby enhancing their connection with the outside
world. As of June 2023, China had approximately 140 million
internet users aged 60 years and older, and this proportion
continuesto expand with increasing internet penetration. Internet
usage not only alleviates|oneliness among older adults but also
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expandstheir social relationships, prevents social isolation, and
increases interaction frequency with family and friends [14].

Enhanced social networks have a significantly positive impact
on the psychological well-being of older adults. Social
interactions through the internet reduce feelings of loneliness
and depression among older adults [15]. Social engagement
enhances their sense of achievement, happiness, and security,
serving as acrucial pillar for their integration into society and
promotion of psychological health. The activity theory suggests
that older adults can achieve self-awareness, bridge the gap with
society, lessen loneliness, and attain higher life satisfaction
through new social engagements. Increasing participation in
both conventional and novel social activities is a valuable
objective for improving the mental health of the increasingly
aging population. The Social Convoy Theory aso highlights
the protective role of social relationship networks on
psychological health. Therefore, by strengthening family and
friend networks, the internet alleviates |oneliness among older
adults, promotes psychological health, and effectively reduces
depression, a phenomenon termed here asthe social interaction
effect. Based on this, hypothesis 1 is proposed.

Hypothesis 1—I nternet Usage Mitigates Depression
Among Older Adults Through the Social | nteraction
Effect

Physical Exercise Effect

A series of studies have shown that internet usage among older
adults transcends temporal and geographical constraints,
enhances interaction with sports service providers, and offers
high-quality, convenient, and diverse sports services [16,17].
Inthe eraof big data, theinternet also accurately delivers nearby
sportsinformation and suitable sports equipment, thuslowering
barriersto the participation of older adultsin physical activities.
Older adultswho frequently use the internet engagein physical
exercise and moderate- to high-intensity activities more
frequently each week. This suggests that the internet
significantly boosts older adults’ enthusiasm for physical activity
by providing convenience, scientific guidance, interactivity,
and entertainment.

Increasing physical exercise has a significant positive impact
on the psychological health of older adults. Physical exercise
can enhance the cardiovascular function and physical fithess of
older adults, promote health, delay aging, reduce the incidence
of age-related diseases, and improve sleep quality. Research
indicates that physical activity enhances subjective well-being
[18], effectively treats depression, and reduces anxiety [19].
Based on the active aging theory and health demand model,
studies have found that regular physical exercise significantly
increases the likelihood of social participation among older
adults [20]. Therefore, through increasing physical exercise,
older adults not only improve their physical health but also
significantly alleviate depression and enhance overall quality
of life. We refer to this mechanism as the “physical exercise
effect.” Based on this, hypothesis 2 is proposed.
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Hypothesis 2—I nternet Usage Alleviates Depression
Among Older Adults Through the Physical Exercise
Effect

I ntergenerational Contact Effect

The current high popul ation mobility in Chinaoften |eaves adult
children unable to care for their older parents due to work or
study commitments, resulting in a shift in social roles and
interpersonal relationships for older adults upon retirement.
This situation limits their access to information and deepens
their sense of social isolation, impacting their psychological
and mental health [21]. The devel opment of internet technol ogy
has provided convenient means for older individualsto stay in
touch with their children, overcoming temporal and spatial
barriers. This has significantly increased the frequency and
quality of interactions between older parentsand their children,
thereby enhancing intergenerational support and subsequently
improving the older adults' subjective well-being [22].

According to the socia support buffering model and main effects
model, intergenerational support plays a crucia role in
alleviating depression among older adults. On the one hand,
intergenerational support hel ps mitigate the impact of resource
loss and buffers the effects of stress on the depression of older
adults. On the other hand, intergenerational support provides
older adults with positive social evauations for effective
parenting, directly reducing their depression [23]. The cognitive
behavioral theory of depression emphasizes that cognitive
assessments are crucial variables influencing depression [24].
Intergenerational support meets the primary socia goal of
emotional management for older adults and fosters a more
positive attitude in cognitive assessments, effectively reducing
depression among older adults. We refer to this mechanism as
the “intergenerational contact effect” and propose hypothesis
3 based on this premise.

Hypothesis 3—I nternet Usage Mitigates Depression
Among Older Adults Through the Intergenerational
Contact Effect

Educational Enhancement Effect

With the widespread adoption of the internet, an increasing
number of older individuals are engaging in online education,
learning new knowledge and skillsthrough virtual courses. This
allowsthem to find new joys and valuesin the learning process
[25,26]. The internet enables older individuals to access a
broader range of information and knowledge, enhancing
cognitive abilities and better adapting to social changes, thereby
reducing feelings of loneliness caused by information isol ation.
In summary, the internet provides new learning opportunities
for older individual s, expands their knowledge boundaries, and
profoundly impacts their education.

Education can effectively mitigate the negative impact of age,
gender, and family structure on the psychological health of older
individuals [27-29]. As individuals age, their physical fithess
gradually declines, but higher levels of education can help older
individuals enhance their objective awareness of their health
status, thereby influencing their psychological well-being.
Studies indicate a positive correlation between cognitive
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function and life satisfaction among older individuals [30].
Education enhances the self-awareness and self-care abilities
of older individuals, reducing psychological issues, and
providing social and recreational opportunities, thereby
improving mental health and enhancing overall quality of life.
We refer to this mechanism as the educational enhancement
effect. Based on this, hypothesis 4 is proposed.

Figure 1. Conceptual framework.

Social interaction elMect
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Hypothesis 4—I nternet Usage Alleviates Depression
Among Older I ndividuals Through the Educational
Enhancement Effect

Figure 1 below presentsthe conceptual framework of this studly.

Internet

Physical exercise effect

Depression

nsage

Intergenerational contact effeci

Internet usage serves as the primary exposure variable in this
study, while depression is the main outcome variable. In
addition, 4 potential mechanisms are explored: the social
interaction effect, the physical exercise effect, the
intergenerational contact effect, and the educational
enhancement effect. These mechanisms are examined to better
understand how internet usage might influence depression
through various indirect pathways.

Methods

Data Sources

Thedatafor thisstudy primarily originate from the ChinaHealth
and Retirement Longitudinal Study (CHARLS). CHARLSisa
comprehensive, large-scale interdisciplinary survey led by the
National School of Development at Peking University,
conducted in partnership with the China Social Science Survey
Center and the Youth L eague Committee of Peking University.
The survey’'s objective is to gather household and
individual-level dataon Chinese adults aged 45 yearsand older.
CHARLS uses a probability proportional to size sampling
method, systematically selecting samplesfrom counties, villages,
residential areas, households, and individuals. The national
baseline survey was conducted in 2011, encompassing 150
counties (districts), 450 villages (residential areas), 10,257
households, and 17,708 individuals, offering a comprehensive
representation of China's middle-aged and older population.
The CHARLS questionnaire collects data on demographics,
family structure, employment and retirement, health status, and
health-related behaviors. This study useslongitudinal panel data
from 5 waves of CHARLS, spanning 2011 to 2020. The
longitudinal data structure facilitates the analysis of
individual-level changes over time, offering a more robust
framework for examining causa relationships than
cross-sectional data. In contrast to cross-sectional data, which
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captures a snapshot of individuals at a single point in time,
longitudinal data enable the observation of changes within the
same individuals across multiple time periods. This approach
enhances our capacity to control unobserved individual
heterogeneity and to more effectively assesstemporal dynamics
and causal mechanisms. Currently, CHARLS is recognized as
the most authoritative and largest representative database for
studying the health of older adultsin China.

The data cleaning process proceeded as follows: (1) the data
from the 5 survey rounds were matched and merged, resulting
inatotal of 96,616 observations; (2) missing valuesfor the key
explanatory and dependent variables were removed, totaling
15,735 (ie, 96,616-80,881); (3) further removal of missing
values for control variables amounted to 1179 (ie
80,881-79,702); and (4) subsequently, 2826 (ie, 79,702—76,876)
singleton group values were removed. This resulted in a final
sample of 76,876 observations for use in regression analysis.

Econometric Equation

This study uses the IV regression method to address potential
endogeneity issues in the data. Endogeneity occurs when an
explanatory variableis correlated with the error term, often due
to omitted variables, measurement errors, or reverse causality.
Thisendogeneity can result in biased and inconsi stent estimates
of causal relationships. 1V regression addresses this issue by
using I Vsthat are correlated with the endogenous regressor but
uncorrelated with the error term, providing a source of
exogenous variation to identify causal effects. This method is
particularly valuable in panel data analysis, where variable
relationships are dynamic and proneto simultaneity bias. Using
IVs alows for more reliable and unbiased estimates of causal
effects, making this method well-suited for the study design.
Thus, the IV approach offers arobust statistical framework to
address endogeneity concerns and ensure the validity of causal
inferences. The specific econometric model is asfollows:
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Internet,=f ,+f INBDCPZI_;LX O+o;+y,

LnDepress ,=ay+a,Internet, +X 0+o,+y +&;

Equation (1) represents the first-stage regression, where

Internet;; denotesthe fitted values of internet usage, NBDCPZ;,
represents the dummy variable for National Big Data
Comprehensive Pilat Zones (NBDCPZ), X 6 denotes a series
of control variables, o; represents individual fixed effects to
control for individual differences, and y; represents time fixed
effectsto control for unobserved shocks across different years.
Controlling for both time- and individual fixed effects aimsto
further eliminate endogeneity issues caused by omitted variables.
The essence of the first-stage regression lies in regressing the
endogenous variable Internet;; on exogenous variablesto obtain

the fitted values Internety  Equation (2) represents the
second-stage regression, where denotes depression among the
older adults, g;; represents the error term, with other variables

asin Equation (1). The essence of the second-stage regression

liesin regressing Lndepress; on the instrumented Internet;, tq
obtain accurate estimates of the coefficient a;.

Variable Definition

Depression (LnDepress)

Thelevel of depression among older adults was assessed using
thewidely recognized 10-item Center for Epidemiologic Studies
Depression Scale (CESD-10). This scale consists of 10 items,
each rated on a 4-point Likert scale ranging from 1 to 4, with
items 5 and 8 reverse scored. The total score, derived by
summing the individual item scores, reflects the level of
depression, with higher scores indicating a greater risk of
depression. To mitigate the impact of extreme values and
facilitate the interpretation of results, the total depression score
was logarithmically transformed.

I nternet Usage (I nternet)

Internet usage was assessed by asking respondents in the
CHARLS survey, “Have you used the internet in the past
month?’ Responses were coded as 1 for “yes’ and O for “no.”
This core explanatory variable exhibits significant potential
endogeneity issueswith depression; higher level s of depression
among older adults may inversely affect their internet usage
behavior, potentially compromising the credibility of regression
results.

Instrumental Variable (National Big Data
Comprehensive Pilot Zone)

On March 1, 2016, China's first NBDCPZ (Guizhou) received
official approval from the National Development and Reform
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Commission, the Ministry of Industry and Information
Technol ogy, and the Cyberspace Administration of China. This
pilot zone aimsto conduct systematic trialsin areas such asdata
resource management and sharing, data center integration, and
data resource application. The plan is to develop a series of
advanced big data products and cultivate key big data enterprises
over 3to 5 years, thereby promoting economic transformation
and upgrading.

On October 8, 2016, these authorities issued another notice
approving the establishment of additional NBDCPZ in 7 regions,
including Beijing-Tianjin-Hebei. These newly approved
national-level pilot zones comprise 2 interregional
comprehensive pilot zones (Beijing-Tianjin-Hebel and the Pearl
River Delta), 4 regional demonstration pilot zones (Shanghai,
Henan, Chongging, and Shenyang), and 1 pilot zone focused
on the coordinated devel opment of big datainfrastructure (Inner
Mongolia). The construction of these zones will facilitatetrials
and exploration in areas such as big data policy innovation,
public data openness and sharing, big data innovation
applications, big data industry clustering, big data element
circulation, data center integration and use, and international
cooperation in big data, thereby driving the innovative
development of big datain China.

In this study, we creatively use the NBDCPZ as an IV for
internet usage for older adults. This approach effectively
addresses potential endogeneity issues, thereby enhancing the
credibility of the regression results.

Control Variables

The selected control variables include gender, age, household
registration, marital status, education, self-rated health, medical
insurance, personal income, and alcohol consumption.

Mechanism Variables

Inlinewith the theoretical hypotheses, the mechanism variables
encompassthe social interaction effect, physical exercise effect,
intergenerational contact effect, and educational enhancement
effect. Detailed measurement methodol ogiesfor these variables
are provided in the section “Mechanism Explorations.”

Descriptive Statistics

Table 1 presents the main variables and their descriptive
statistics are as follows. (1) the mean score for depression
(LnDepress) is2.847 (SD 0.322); (2) the mean for internet usage
(internet) is 0.149 (SD 0.356), indicating that 14.9% of the
sample has used theinternet; and (3) and the mean for NBDCPZ
is0.1 (SD 0.3), suggesting that 10% of observations are from
the NBDCPZ. Detailsfor other variablesare omitted for brevity.
It should be noted that in Table 1, the number of observations
for variables is higher than in the regression tables. This
discrepancy is due to the removalx of some singleton groups
during the regression process. This deletion was automatic and
did not substantively affect the conclusions of this studly.
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Table 1. Definition and description of main variables.
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Variables Observations, n Mean (SD) Definition

LnDepress 79,702 2.847(0.332) Using the CESD-10? scale, scores were summed and logged

Internet 79,702 0.149 (0.356) Respondents were asked whether they used the internet in the past
month, with responses coded as 1 for “yes’ and O for “no”

National Big DataCompre- 79,702 0.1(0.3) If located in a pilot area, assign avalue of 1 to years after the pilot

hensive Pilot Zone period; otherwise, assign avalue of 0

Gender 79,702 1.521 (0.5) Mae=1, female=2

Age 79,702 60.296 (9.731) Current year: year of birth. Due to the presence of outliers, perform
a 1% truncation of the upper and lower ends

Household registration 79,702 0.45 (0.497) Rural household registration=1, others=0

Marital status 79,702 0.88 (0.325) Married=1, others=0

Education 79,702 2.398 (4.116) Not completed primary school=0, primary school=6, junior high
school=9, senior high school or technical school=12, junior col-
lege=15, bachelor’s degree=16, master’s degree=19, doctorate=22

Self-rated health 79,702 2.78 (0.933) Very poor=1, poor=2, fair=3, good=4, very good=5, excellent=6

Medical insurance 79,702 0.95 (0.219) With medical insurance=1, other=0

Personal income 79,702 0.231 (0.421) Received wages or bonuses in the past year=1, other=0

Alcohol consumption 79,702 2.375(0.88) Inthe past month, drank alcohol more than once=1, lessthan once=2,
did not drink= 3

Social interaction effect 41,934 0.357 (0.455) The frequency of social interaction activities was used as a measure,
as detailed in the section “Mechanism Explorations’

Physical exercise effect 47,768 2.277 (0.552) Thefrequency of physical exercise activitieswas measured as detailed
in the section “Mechanism Explorations’

Intergenerational contact 34,020 1.871 (0.909) The frequency of contact with children was used as a measure, as

effect detailed in the section “Mechanism Explorations’

Educational enhancement 32,108 0.013 (0.115) Measured by participation in school training courses over the past

effect

month, as detailed in the section “Mechanism Explorations’

8CESD-10: Center for Epidemiologic Studies Depression Scale.

Ethical Considerations

The origina data used in this study are derived from the
CHARLS, which has been reviewed and approved by the
Biomedical Ethics Review Committee of Peking University
(approval IRB 00001052-11015). The current analysis is a
secondary analysis of deidentified and publicly accessible data.
This study does not involve any direct interaction with human
participants or observation of individuals. In addition, this study
does not involve any procedures or activities that may raise
ethical concerns and complies with all applicable laws and
regulations regarding research conduct. Therefore, no ethical
approval isrequired.

Results

Benchmark Regression

To present comparative results, columns 1 and 2 in Table 2
show the results of ordinary least squares (OLS) regressions:

https://www.jmir.org/2025/1/e65399
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column 1 indicates that the coefficient of internet usage
(internet) on depression (LnDepress) is—0.05, significant at the
1% level. Column 2 presents the regression results further
controlling for both individual fixed effects (FE) and year FE;
the coefficient of internet usage “Internet” is —0.02, till
significant at the 1% level. In Table 2, columns 3 and 4 present
the results of the 2-Stage IV method: column 3 shows that the
coefficient of internet usage “Internet” on depression
(LnDepress) is —0.00, significant at the 1% level, with
Kleibergen-Paap rk LM statistic and Cragg-Donald Wald F
statistic tests confirming the validity of theinstruments. Column
4 presentstheregression results further controlling for individual
FE and year FE; the coefficient of internet usage “Internet” is
—0.01, and the instruments remain valid.
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Table 2. Benchmark regression. Robust standard errors are in parentheses.
Variables LnDepress
OoLS* (1) OLSFE? (2) IV (3) IV-FEY (4)
Internet -0.0483° (0.00308) -0.0151° (0.00373) -0.00160° (0.000209) -0.0141° (0.00350)
Gender 0.07452 (0.00256) 0.00492 (0.0244) 0.0007548 (2.59-05) 0.000501 (0.000398)
Age 0.000898° (0.000126)  0-00380 (0.00426) 3.616-06' (1.536-06) ~0.000119 (8.97e-05)
Household registration 0.0803° (0.00228) 0.00178 (0.00369) 0.000779¢ (2.366-05) 0.000114 (8.08e-05)
Maritdl status —-0.0780° (0.00369) -0.0595° (0.00742) -0.000775° (3.71e-05)  0.000146 (0.000225)
Education -0.00563°(0.000272) ~ -0.00101°(0.000322)  -5.66e-05° (2.75¢-06) ~ —7.91e-05° (1.85e-05)
Self-rated health ~0.0897¢ (0.00123) -0.0257¢ (0.00122) -0.000867¢ (1.356-05)  —0.000271° (2.35e-05)
Medical insurance -0.0126 (0.00507) ~0.00371 (0.00490) -855e-059 (5.156-05)  0.000173Y (0.000101)
Personal income ~0.0470° (0.00277) -0.0178° (0.00317) -0.000336° (3.87e-05)  6.13e-05(8.69e-05)
Alcohol consumption 0.00788° (0.00140) 0.00465' (0.00198) 5.296-05° (1.50e-05) -0.000224 (7.79e-05)
Kp-LM" No No 1073.066 20.724
CD-Wald No No 2000.060 26.327
Year fixed effect No Yes No Yes
Individual fixed effect No Yes No Yes
Robust! Yes Yes Yes Yes
Observations 79,702 79,702 79,702 76,876
R 0.127 0.023 No No

80LS: ordinary least squares.

POLS-FE: ordinary least squares-fixed effects.

CIV: instrumental variable.

941V-FE: instrumental variable-fixed effects.

€P<.0L.

fp<.05.

9p<.1.

PKP-LM: Kleibergen-Paap rk LM statistic, testing the relevance of 1V.

iCD-Wald: Cragg-Donald Wald F statistic, testing the weak relevance of V.

Ivear FE: time fixed effects, controlling for unobserved shocks across different years.
KIndividual FE: individual fixed effects, controlling for heterogeneity across individuals.

|Robust: the use of robust SEs, addressing heteroskedasticity effects.

The baseline regression results indicate the following: first, the
coefficient significantly decreases after using IV regression,
suggesting that the OL S regression overestimated the impact
of internet usage on depression. Second, column 4, which
simultaneously controls both individual FEs and year FEs,
further mitigates endogeneity issues due to omitted variables.
Therefore, column 4 is used as the baseline regression in this
study, showing that internet usage significantly reduces
depression scores by 1.41%. Thisfinding indicates asignificant
alleviation of depression among older adults, consistent with
the theoretical hypothesis.

Column 4 also reports the impacts of other control variables:
education significantly reduces LnDepress, indicating that higher
education level s ease depression. Self-rated health significantly

https://www.jmir.org/2025/1/e65399

reduces LnDepress, suggesting that better self-rated health
decreases the likelihood of depression. Medical insurance
significantly promotes LnDepress, implying that medical
insurance does not aleviate depression. Alcohol consumption
significantly reduces LnDepress, indicating that alcohol
consumption is beneficial in aleviating depression. The other
variables gender, age, household registration, marital status,
and persona income do not show significant effects in the
baseline regression. It isimportant to note that the reported R?
inthe 1V regression process has no practical significance; hence,
it is not reported in this study [31].
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Robustness Checks

To examine the robustness of the baseline regression results,
this section conducts a series of robustness tests, as detailed in
Table 3: column 1 transforms the depression variable into a
binary outcome, following the approach of Li and Luo (2024)
[32], where depression scores exceeding 10 are assigned avalue
of 1, and O otherwise. Using the IV method based on a Probit
model, the resultsindicate a significant reduction in depression
due to internet usage (the coefficient is—2.116 and statistically
significant at the 1% level), confirming robustness. Column 2
re-estimates the regression by internet usage frequency instead
of binary internet usage. Frequency categories (almost daily=3,
almost every week=2, not regularly=1) are derived directly from
the CHARLS questionnaire. The results show a significant
decrease in depression by 2.01%, reaffirming robustness.
Column 3 replaces the IV method with propensity score

Table 3. Robustness regression. Robust SE in parentheses.

Guo €t al

matching to address potential selection bias in internet usage,
where the choice of using the internet may be influenced by
other factors, leading to biased regression coefficients. Using
al1:1 nearest-neighbor matching, the resultsindicate asignificant
reduction in depression by 0.0761%, demonstrating robust
results. Column 4 uses a smart city pilot virtual variable as a
new IV for the re-estimation. The results show a significant
reduction in depression by 1.35%, confirming robustness. In
addition, we conducted other robustness tests, such as
re-estimating using the total depression score and applying a
negative binomial regression model. The results remained robust
across these specifications, and further details are omitted for
brevity. In addition, we conducted weighted regressions at the
individual, gender, household registration, household,
community, and city levels. The results remained robust and
are detailed in Multimedia Appendix 1.

LnDepress

Variables Probit model (1) Frequency (2) Propensity score matching (3)  Smart city (4)
Internet —2.1162(0.53) -0.0201%(0.00111) -0.0007612 (0.0000877) -0.0135 (0.00520)
Controls” Yes Yes Yes Yes
KP-LMS No 182.559 No 6.757
cD-Waldd No 304.661 No 5.604
Year FE® Yes Yes Yes Yes
Individual FE' Yes Yes No Yes
RobustY Yes Yes Yes Yes
Observations 88,359 2691 79,702 76,876
R2 No No 0.348 No

3P<.0L.

bControls represent a series of control variables.
®KP-LM: Kleibergen-Paap rk LM statistic, testing the relevance of 1V.

deD-wald: Cragg-Donald Wald F statistic, testing the weak relevance of IV.

®Year FE: time fixed effects, controlling for unobserved shocks across different years.
findividual FE: individual fixed effects, controlling for heterogeneity across individuals.

9Robust: the use of robust SEs, addressing heteroskedasticity effects.

M echanism Explorations

The empirical results above clearly demonstrate that internet
usage significantly reduces depression levelsamong ol der adults.

https://www.jmir.org/2025/1/e65399
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Moreover, the theoretical hypotheses proposed above have
anticipated potential mechanisms. This section will therefore
conduct mechanism tests to validate these theoretical
hypotheses. Detailed results are provided in Table 4 bel ow.
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Table 4. Mechanism test. Robust standard errors are in parentheses.

Guo €t al

Variables Socia interaction effect (1) Physical exerciseeffect (2) Intergenerational contact ~ Educational enhancement
effect (3) effect (4)
Internet 0.4922(0.244) 0.680%(0.291) 0.3742(0.151) 2.183° (0.260)
Controls® Yes Yes Yes Yes
KP-LM® 6.943 22.750 9.698 No
CD-Wald® 8.832 24.261 10.196 No
Year FE Yes Yes Yes Yes
Individual FE9 Yes Yes Yes No
Robust” Yes Yes Yes Yes
Observations 38,860 47,905 30,362 38,985
3p<,05.
Pp<.01.

CControls represent a series of control variables.
dKP-LM: Klei bergen-Paap rk LM statistic, testing the relevance of IV.

€CD-Wald: Cragg-Donald Wald F statistic, testing the weak relevance of IV.

fYear FE: time fixed effects, controlling for unobserved shocks across different years.
9Yndividual FE: individual fixed effects, controlling for heterogeneity across individuals.
fRobust: the use of robust standard errors, addressing heteroskedasticity effects.

Social I nteraction Effect

Regarding social interactions, the following activities were
quantified: visiting friends in the past week; playing mahjong,
chess, cards, or visiting community activity rooms; providing
assistance to non-cohabitating relatives, friends, or neighbors;
engaging in activities such as dancing, fitness, or gigong with
clubs or organizations; volunteering or participating in charitable
activities; and caring for non-cohabitating patients or disabled
individuals. The total frequency of these activities was
aggregated and log-transformed in this study. Column 1
indicates that internet usage increases the frequency of older
socia interactions by 49.2%, confirming the socia interaction
effect.

Physical Exercise Effect

Regarding physical exercise, the following activities were
quantified: the number of days per week engaging in vigorous,
moderate, or light physical activities for more than 10 minutes.
The total frequency of these activities was aggregated and
log-transformed in this study. Column 2 indicates that internet
usage increasesthe frequency of older adults’ physical exercise
by 68%, confirming the physical exercise effect.

https://www.jmir.org/2025/1/e65399

I ntergenerational Contact Effect

Regarding intergenerational contact, activitiesinclude contacting
all children through phone, message, WeChat, mail, or email,
and assigning reverse scores based on the frequency of these
contacts as follows: aimost every day=10, 2-3 times aweek=9,
once aweek=8, every 2 weeks=7, once amonth=6, once every
3 months=5, once every 6 months=4, once a year=3, amost
never=2, other=1. The total scores of these frequencies were
aggregated and log-transformed in this study. Column 3
indicates that internet usage increases the intergenerational
contact scores of older adults by 37.4%, confirming the
intergenerational contact effect.

Educational Enhancement Effect

Regarding educational enhancement, thefollowing activity was
quantified: whether the individual attended school or training
courses in the past month. Clearly, thisisabinary variable and
should be regressed using the 2-stage 1V method based on the
Probit model. Column 4 demonstrates that internet usage
significantly increases the likelihood of older adults receiving
education, confirming the educational enhancement effect.

Heterogeneity Analyses

To further enrich the understanding of the relationship between
internet usage and depression, this study conducted a series of
heterogeneity analyses, as shown in Table 5.
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Table 5. Heterogeneity regression. Robust SEs are in parentheses.

LnDepress
Variables Urban (1) Village (2) Eastern (3) Noneastern (4) Pilot (5) Nonpilot (6)
Internet -0.0174% -0.00774% -0.0185% 0.00196 -0.0190P -0.000707
(0.00296) (0.00220) (0.00542) (0.00267) (0.0102) (0.00393)
Controls® Yes Yes Yes Yes Yes Yes
KP-LM® 9.433 21.456 13,549 10.199 3.786 4.446
CD-Wald® 10549 39.755 17.314 12.886 3.903 6.327
Year FEf Yes Yes Yes Yes Yes Yes
Individual FE9 Yes Yes No Yes Yes Yes
Robust" Yes Yes Yes Yes Yes Yes
Observations 20,514 30,083 23,822 53,054 14,082 53,613
4p<.0L.
Pp<.1.

CControls represent a series of control variables.
9K P-LM: Kleibergen-Paap rk LM statistic, testing the relevance of IV.

€CD-Wald: Cragg-Donald Wald F statistic, testing the weak relevance of IV.

fYear FE: time fixed effects, controlling for unobserved shocks across different years.
9YIndividual FE: individual fixed effects, controlling for heterogeneity across individuals.

PRobust: the use of robust SEs, addressing heteroskedasticity effects.

Comparison of Urban and Rural Areas

Urbanization exacerbates the hollowing-out problem in rural
areas, leading to higher levels of loneliness and more severe
depression among rural older adults [33]. The cumulative
disadvantage hypothesis suggeststhat thisurban-rural depression
digparity stemsfrom the urban-rural divide, whererural residents
accumulate disadvantages that peak in old age. The diffusion
of the internet has varying effects on alleviating depression
among older adults in urban and rural areas. Due to better
infrastructure, urban older adults benefit more from internet
access, facilitating easier socia participation, information access,
and entertainment, thereby effectively reducing feelings of
loneliness and depression [34]. Moreover, proximity to
children’sresidences and stable family support systemsin urban
areas, coupled with internet usage, further alleviates their
depression. In contrast, rural older adults face limited internet
access due to inadequate infrastructure, resulting in fewer
opportunities to use internet benefits for social interaction and
support. Combined with a lack of effective family support
systems and communication channels, the internet’s impact in
aleviating depression among rura older adults is less
pronounced compared with their urban counterparts. Therefore,
it is expected that the aleviating effect of internet usage on
depression would be more significant in urban areas. The
grouped regressionsin columns 1 and 2 confirm this hypothesis,
indicating that the alleviating effect of internet usage is higher
in urban areas (—1.74%) compared with rural areas (—0.774%).

Comparison of Eastern and Noneastern Regions

In eastern China, older adults have more opportunitiesto engage
in social activities, access health information, and participate

https://www.jmir.org/2025/1/e65399

in online entertainment through theinternet, resultingin amore
pronounced alleviation of depression [35]. Furthermore, the
higher economic development in eastern regions generally
correlates with higher levels of education and economic
capability among older adults, facilitating easier access to and
utilization of the internet for psychological well-being [36,37].
In contrast, the older adults in noneastern regions experience
lower internet usage rates and breadth due to limited internet
resources, technological barriers, and economic constraints,
leading to less significant alleviation of depression compared
with their counterparts in eastern regions [38]. Therefore, it is
anticipated that the therapeutic effect of internet usage on
depression in older adultsis more pronounced in eastern China
and remains limited in noneastern regions. According to the
classification standards of the National Bureau of Statistics,
eastern China includes the provinces (and cities) of Beijing,
Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong,
Guangdong, and Hainan. The grouped regressions in columns
3 and 4 confirm this hypothesis, indicating that the alleviating
effect of internet usage is higher in eastern regions (-1.85%)
compared with noneastern regions (0.00196, which is
statistically insignificant).

Comparison of Broadband China Pilot and Nonpilot
Areas

Since its implementation in 2013, the “Broadband China’
strategy has significantly enhanced broadband network coverage
and accessibility through advanced network technologies and
infrastructure development. In pilot areas, older adults have
more frequently used the internet for social interactions and
access to health information, resulting in anotable reductionin
depression. In contrast, nonpilot areas, constrained by limited
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internet resources and technical support, offer fewer
opportunities for internet usage by older adults, leading to less
significant alleviation of depression compared with pilot areas
[39]. Moreover, the widespread availability of broadband
networks has facilitated increased older adults' participationin
socia activities and access to more health services, further
mitigating depression [40]. Therefore, this study anticipatesthat
the therapeutic effect of internet usage is greater in the pilot
areas of Broadband China and smaller in the nonpilot areas.
The grouped regressions in columns 5 and 6 confirm this
hypothesis, indicating that the alleviating effect of internet usage
is higher in pilot areas (—1.9%) compared with nonpilot areas
(-0.000707, which is statistically insignificant).

Discussion

This study’s core finding is that internet usage significantly
alleviates depression symptoms among older adults, with a
reduction of 1.41%. This result suggests that internet usage
alleviates depression through four main mechanisms: the social
interaction effect, physical exercise effect, intergenerational
contact effect, and educational enhancement effect. Specifically,
internet usage facilitates socia activities among older adults,
helping to reduce loneliness and, in turn, alleviating depressive
symptoms. In addition, the internet enables older individualsto
more easily participate in physical activities, which improves
both their physical and mental health. Furthermore, internet
usage strengthens communication with children, enhancing
intergenerational support and reducing depressive feelings.
Finally, internet usage provides older individuals with access
to more educational resources, which improves self-awareness
and self-management, thereby reducing depression symptoms.
In summary, this study provides empirical evidence on how
internet usage alleviates depression in older adults through
multiple pathways, highlighting the potential of the internet to
improve mental health in older adults.

The findings of this study align with existing literature
emphasizing the positive impact of internet usage on mental
health in older adults. Internet usage reduces depression by
alleviating social isolation [41] and enhancing intergenerational
relationships [11]. In addition, it reduces loneliness through
increased social contact [9,42] and improves psychosocial
functions, including physical activity and education [43,44].
Our study expands on this by incorporating the mediating effects
of physical activity and education in depression reduction. While
excessive internet usage may lead to social media fatigue and
worsen mental health [45], our findings suggest that appropriate
internet usage fosters mental well-being, as indicated by Lam
et a [8]. Furthermore, mobile health apps have been shown to
reduce depression in other populations, supporting the efficacy
of digital interventions [46]. Despite concerns about internet
addiction [47], our results suggest that regul ated internet usage
can improve both mental and functional health, particularly in
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older adults [48]. By using a 2-stage |V approach, this study
mitigates endogeneity issues, providing robust causal inferences
consistent with previous research [49].

The study’ sfindings suggest several policy measuresto enhance
the mental health of older adults via internet usage, based on
the identified mechanisms and observed heterogeneity in the
effects of digita engagement: (1) strengthen internet
infrastructure in rural and underserved regions: while internet
usage enhances mental health through social interaction,
physical activity, and educational access, its impact is greater
in urban areas. Policy makers should prioritize the expansion
of internet infrastructure in rural and noneastern regions to
ensure that older adults can fully benefit from digital
engagement. (2) Initiate targeted digital literacy programs:
considering theinfluence of digital literacy on the effectiveness
of internet usage, targeted training programs for older adults,
particularly inrural areas, should be prioritized. Theseinitiatives
should emphasi ze teaching ol der usersto engagein online social
activities, access health resources, and participate in educational
content, which have proven effective in reducing depression.
(3) Create age-appropriate digital mental health platforms:
mental health platforms should be customized for different
subgroups. In urban areas, platforms should prioritize enhancing
socia interaction and intergenerational communication, whereas,
in rural areas, the emphasis should be on bridging the digital
divide by providing simple and accessible health and social
resources. (4) Promote the development of age-friendly digital
applications. policymakers should facilitate the creation of
digital tools that encourage physical activity and cognitive
stimulation among ol der adults. These applications can address
mechanisms identified in the study, such as exercise and
education, and contribute to reducing depression among ol der
users.

Whilethis study providesvaluableinsightsinto the relationship
between internet usage and depression among older adults,
several limitations must be considered. First, the reliance on
self-reported data for depression and internet usage may
introduce biases, such as social desirability or recall bias. Future
studies could incorporate objective measures, such as log data
from internet providers or wearable devices, to improve
accuracy. Second, although the 2-stage IV approach addresses
endogeneity, the exogeneity of the chosen instrument, the
NBDCPZ, may still be questioned, and alternative instruments
or experimental designs, likerandomized controlled trias, could
strengthen causal inference. In addition, the heterogeneity of
internet usage effects across subgroups (eg, by age, education,
or income) was not fully explored and warrants further
investigation. Finally, while this study focused on short-term
effects, future research should examine the long-term impacts
of internet usage on the mental health of older adults, including
potential risks such as internet addiction or over-reliance on
digital platforms.

This study was supported by the Doctoral Research |nnovation Program of Shandong Second Medical University (grant 041174).
The authors are thankful to the editors and reviewers for their comments and feedback.

https://www.jmir.org/2025/1/e65399

JMed Internet Res 2025 | vol. 27 | €65399 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guoet d

Data Availability
The datasets generated during this study are avail able from the corresponding author on reasonable request.

Authors Contributions

LG and YWL contributed to the conception or design of the study. KC and Y Z contributed to data collection and data analysis.
YL drafted the paper while WQY guided the revisions. Wengiang Yin and Ying Liu contributed equally to this work and should
be considered co-corresponding authors.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Weighted regression. Robust standard errorsin parentheses.
[DOCX File, 18 KB-Multimedia Appendix 1]

References

1.  Depressive Disorder (depression). URL: https:.//www.who.int/news-room/fact-sheets/detail/depression [accessed 2023-03-31]
2. D|g|ta| Health asan Enabler of Healthy Agingin Southeast Asia. URL: htt s//www duke-nus. edu docs/librari roviders/

[accessed 2021-09-28]

3.  QiaoYJ,Li ZW. Community social capital, family support, confucian pro-setback coping and geriatric depression: evidence
from China. Hum Soc Sci Lett. 2022;10:64-74. [doi: 10.18488/73.v10i1.2934]

4. GeYF, Wang LJ, Feng WM, Zhang BZ, Liu SL, Ke YH. The challenge and strategy selection of healthy aging in China.
Journal of Management World. 2020;36(04):86-96. [doi: 10.19744/j.cnki.11-1235/f.2020.0055]

5.  GreenleeK, Hyde P. Suicide and depression in older adults: Greater awareness can prevent tragedy. Generations.
2014;38(3):23-26.

6.  Hussenoeder FS, Jentzsch D, Matschinger H, Hinz A, Kilian R, Riedel-Heller SG, et al. Depression and quality of lifein
old age: acloser look. Eur JAgeing. 2021;18(1):75-83. [FREE Full text] [doi: 10.1007/s10433-020-00573-8] [Medline:
33746683]

7.  MathersCD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med. 2006;3(11):e442.
[FREE Full text] [doi: 10.1371/journal.pmed.0030442] [Medline: 17132052]

8. LamSSM, Jivrg S, Scholes S. Exploring the relationship between internet use and mental health among older adultsin
England: longitudinal observational study. JMed Internet Res. 2020;22(7):€15683. [FREE Full text] [doi: 10.2196/15683]
[Medline: 32718913]

9.  Escobar-VieraCG, Shensa A, Bowman ND, Sidani JE, Knight J, James AE, et al. Passive and active social media use and
depressive symptoms among United States adults. Cyberpsychol Behav Soc Netw. 2018;21(7):437-443. [doi:
10.1089/cyber.2017.0668] [Medline: 29995530]

10. Jeon GS, Choi KW, Jang KS. Social networking site usage and its impact on depressive symptoms among older men and
women in South Korea. Int JEnviron Res Public Health. 2020;17(8):2670. [FREE Full text] [doi: 10.3390/ijerph17082670]
[Medline: 32295024]

11. Minagawa, Saito Y. An analysis of the impact of cell phone use on depressive symptoms among Japanese el ders.
Gerontology. 2014;60(6):539-547. [doi: 10.1159/000363059] [Medline: 24968927]

12. Internet usage in Southeast Asia - statistics & facts. URL: https://www.stati sta.com/topi cs/9093/
internet-usage-in-southeast-asial [accessed 2024-08-26]

13. TerzaJV, Basu A, Rathouz PJ. Two-stage residual inclusion estimation: addressing endogeneity in health econometric
modeling. JHealth Econ. 2008;27(3):531-543. [FREE Full text] [doi: 10.1016/j.jheal eco.2007.09.009] [Medline: 18192044]

14. Chopik WJ. The benefits of social technology use among older adults are mediated by reduced loneliness. Cyberpsychol
Behav Soc Netw. 2016;19(9):551-556. [FREE Full text] [doi: 10.1089/cyber.2016.0151] [Medline: 27541746]

15. Wallinheimo AS, Evans SL. Patterns of internet use, and associations with loneliness, amongst middle-aged and older
adults during the COVID-19 pandemic. Healthcare (Basel). 2022;10(7):1179. [FREE Full text] [doi:
10.3390/healthcare10071179] [Medline: 35885706]

16. Wilson J, Heinsch M, Betts D, Booth D, Kay-Lambkin F. Barriers and facilitators to the use of e-health by older adults: a
scoping review. BMC Public Health. 2021;21(1):1556. [FREE Full text] [doi: 10.1186/s12889-021-11623-w] [Medline:
34399716]

17. Nash S. The Pandemic has Accelerated the Need to Close the Digital Divide for Older Adults. URL : https.//longevity.

stanford.edu/the-pandemi c-has-accel erated-the-need-to-close-the-digital -divide-for-older-adults/ [accessed 2024-12-19]

https://www.jmir.org/2025/1/e65399 JMed Internet Res 2025 | vol. 27 | e65399 | p. 12
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v27i1e65399_app1.docx&filename=586ff03ef076fe463f7581f0519a202e.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e65399_app1.docx&filename=586ff03ef076fe463f7581f0519a202e.docx
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.duke-nus.edu.sg/docs/librariesprovider5/publications/2020_p003_core_-digital-health-as-an-enabler-of-healthy-aging-in-southeast-asia.pdf?sfvrsn=ba1206c1_0
https://www.duke-nus.edu.sg/docs/librariesprovider5/publications/2020_p003_core_-digital-health-as-an-enabler-of-healthy-aging-in-southeast-asia.pdf?sfvrsn=ba1206c1_0
http://dx.doi.org/10.18488/73.v10i1.2934
http://dx.doi.org/10.19744/j.cnki.11-1235/f.2020.0055
https://europepmc.org/abstract/MED/33746683
http://dx.doi.org/10.1007/s10433-020-00573-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33746683&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.0030442
http://dx.doi.org/10.1371/journal.pmed.0030442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17132052&dopt=Abstract
https://www.jmir.org/2020/7/e15683/
http://dx.doi.org/10.2196/15683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32718913&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2017.0668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29995530&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17082670
http://dx.doi.org/10.3390/ijerph17082670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32295024&dopt=Abstract
http://dx.doi.org/10.1159/000363059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24968927&dopt=Abstract
https://www.statista.com/topics/9093/internet-usage-in-southeast-asia/
https://www.statista.com/topics/9093/internet-usage-in-southeast-asia/
https://europepmc.org/abstract/MED/18192044
http://dx.doi.org/10.1016/j.jhealeco.2007.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18192044&dopt=Abstract
https://europepmc.org/abstract/MED/27541746
http://dx.doi.org/10.1089/cyber.2016.0151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27541746&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare10071179
http://dx.doi.org/10.3390/healthcare10071179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35885706&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11623-w
http://dx.doi.org/10.1186/s12889-021-11623-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34399716&dopt=Abstract
https://longevity.stanford.edu/the-pandemic-has-accelerated-the-need-to-close-the-digital-divide-for-older-adults/
https://longevity.stanford.edu/the-pandemic-has-accelerated-the-need-to-close-the-digital-divide-for-older-adults/
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guoet d

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

Iwon K, Skibinska J, JasielskaD, Kalwarczyk S. Elevating subjective well-being through physical exercises: anintervention
study. Front Psychol. 2021;12:702678. [FREE Full text] [doi: 10.3389/fpsyg.2021.702678] [Medline: 34975608]

Singh B, Olds T, Curtis R, Dumuid D, VirgaraR, Watson A, et al. Effectiveness of physical activity interventions for
improving depression, anxiety and distress: an overview of systematic reviews. Br J Sports Med. 2023;57(18):1203-1209.
[FREE Full text] [doi: 10.1136/bjsports-2022-106195] [Medline: 36796860]

Gonnord T, Clarys D, Boucard G, Esnard C. Positive impact of social relationships fostered by physical and/or cognitive
group activity on older people's quality of life: PRISMA systematic review. Front Psychol. 2023;14:1166072. [FREE Full
text] [doi: 10.3389/fpsyq.2023.1166072] [Medline: 37767210]

Cheng XF, Jiang QB. Socia isolation and self-rated health of the older people: the mediation effects of aging attitude.
Population and Devel opment. 2021;27(06):106-116+150.

Huang F, Fu P. Intergenerational support and subjective wellbeing among oldest-old in China: the moderating role of
economic status. BMC Geriatr. 2021;21(1):252. [FREE Full text] [doi: 10.1186/s12877-021-02204-y] [Medline: 33858343]
Zheng R, Yu M, Huang L, Wang F, Gao B, Fu D, et a. Effect of intergenerational exchange patterns and intergenerational
relationship quality on depressive symptomsin the elderly: an empirical study on CHARLS data. Front Public Health.
2022;10:1009781. [FREE Full text] [doi: 10.3389/fpubh.2022.1009781] [Medline: 36262237]

DobsonKS, Quigley L, Dozois DJ. Toward an integration of interpersonal risk modelsof depression and cognitive-behaviour
therapy. Australian Psychologist. 2020;49(6):328-336. [doi: 10.1111/ap.12079]

Hasan N. Joyful learning: a step towards the positive classroom. International Journal of Education and Management
Studies. 2016;6(1):133.

Hidi S, Harackiewicz JM. Motivating the academically unmotivated: a critical issue for the 21st century. Review of
Educational Research. 2000;70(2):151-179. [doi: 10.3102/00346543070002151]

Burnes D, Sheppard C, Henderson CR, Wassel M, Cope R, Barber C, et al. Interventions to reduce ageism against older
adults: asystematic review and meta-analysis. Am J Public Health. 2019;109(8):e1-€9. [doi: 10.2105/AJPH.2019.305123]
[Medline: 31219720]

Matud MP, Bethencourth JM, Ibafiez |, Fortes D. Gender and psychological well-being in older adults. Int Psychogeriatr.
2020;32(11):1293-1302. [doi: 10.1017/S1041610220000824] [Medline: 32456745]

LeeC, Glei DA, Goldman N, Weinstein M. Children’s education and parents' trajectories of depressive symptoms. JHealth
Soc Behav. 2017;58(1):86-101. [FREE Full text] [doi: 10.1177/0022146517690200] [Medline: 28661765]

Serral, SilvaL. Cognitive functioning and life satisfaction as predictors of subjective health complaintsin elderly people.
QAOA.. 2023;25(1):83-91. [doi: 10.1108/QAOA-08-2023-0055]

Negative and Missing R-Squared for 2SL S/IV. URL: https.//www.stata.com/support/fags/statistics/two-stage-l east-squares/
[accessed 2024-12-19]

Li Z, Luo Y. A Study of the relationship and mechanism between internet use and health of the migrant elderly. Journal of
Yunnan Minzu University (Philosophy and Social Sciences Edition). 2024;41(01):95-109. [doi:
10.13727/j.cnki.53-1191/c.20240004.015]

Purtle J, Nelson KL, Yang Y, Langellier B, Stankov |, Diez Roux AV. Urban-rural differencesin older adult depression:

a systematic review and meta-analysis of comparative studies. Am J Prev Med. 2019;56(4):603-613. [doi:
10.1016/j.amepre.2018.11.008] [Medline: 30777704]

Nan'Y, XieY, Hu Y. Internet use and depression among Chinese older adults: the mediating effect of interpersonal
relationship. Front Public Health. 2023;11:1102773. [EREE Full text] [doi: 10.3389/fpubh.2023.1102773] [Medline:
36935716]

Yang HL, Zhang S, Zhang SQ, XieL, Wu YY, Yao YD, et al. Internet use and depressive symptoms among older adults
in China. Front Psychiatry. 2021;12:739085. [FREE Full text] [doi: 10.3389/fpsyt.2021.739085] [Medline: 34950065]
Xu'Y, Huang Y. Chinese middle-aged and older adults internet use and happiness: the mediating roles of loneliness and
social engagement. J Appl Gerontol. 2021;40(12):1846-1855. [doi: 10.1177/0733464820959168] [Medline: 32954905]
Pinquart M, Sérensen S. Influences of socioeconomic status, socia network, and competence on subjective well-being in
later life: ameta-analysis. Psychol Aging. 2000;15(2):187-224. [doi: 10.1037//0882-7974.15.2.187] [Medline: 10879576
Jiang S, Zhang W, Yang T, Wu D, Yu L, Cottrell RR. Regional internet access and mental stress among university students:
arepresentative nationwide study of China. Front Public Health. 2022;10:845978. [FREE Full text] [doi:
10.3389/fpubh.2022.845978] [Medline: 35462833]

Aggarwal B, Xiong Q, Schroeder-Butterfill E. Impact of the use of the internet on quality of lifein older adults: review of
literature. Prim Health Care Res Dev. 2020;21:e55. [FREE Full text] [doi: 10.1017/S1463423620000584] [Medline:
33263273]

Benda NC, Veinot TC, Sieck CJ, Ancker JS. Broadband internet accessis asocial determinant of health! Am J Public
Health. 2020;110(8):1123-1125. [doi: 10.2105/AJPH.2020.305784] [Medline: 32639914]

Cotten SR, Ford G, Ford S, Hale TM. Internet use and depression among retired older adults in the United States: a
longitudinal analysis. J Gerontol B Psychol Sci Soc Sci. 2014;69(5):763-771. [doi: 10.1093/geronb/gbu018] [Medline:
24671896]

https://www.jmir.org/2025/1/e65399 JMed Internet Res 2025 | vol. 27 | e65399 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/34975608
http://dx.doi.org/10.3389/fpsyg.2021.702678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34975608&dopt=Abstract
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=36796860
http://dx.doi.org/10.1136/bjsports-2022-106195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36796860&dopt=Abstract
https://europepmc.org/abstract/MED/37767210
https://europepmc.org/abstract/MED/37767210
http://dx.doi.org/10.3389/fpsyg.2023.1166072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37767210&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-021-02204-y
http://dx.doi.org/10.1186/s12877-021-02204-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33858343&dopt=Abstract
https://europepmc.org/abstract/MED/36262237
http://dx.doi.org/10.3389/fpubh.2022.1009781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36262237&dopt=Abstract
http://dx.doi.org/10.1111/ap.12079
http://dx.doi.org/10.3102/00346543070002151
http://dx.doi.org/10.2105/AJPH.2019.305123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31219720&dopt=Abstract
http://dx.doi.org/10.1017/S1041610220000824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32456745&dopt=Abstract
https://europepmc.org/abstract/MED/28661765
http://dx.doi.org/10.1177/0022146517690200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28661765&dopt=Abstract
http://dx.doi.org/10.1108/QAOA-08-2023-0055
https://www.stata.com/support/faqs/statistics/two-stage-least-squares/
http://dx.doi.org/10.13727/j.cnki.53-1191/c.20240004.015
http://dx.doi.org/10.1016/j.amepre.2018.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30777704&dopt=Abstract
https://europepmc.org/abstract/MED/36935716
http://dx.doi.org/10.3389/fpubh.2023.1102773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36935716&dopt=Abstract
https://europepmc.org/abstract/MED/34950065
http://dx.doi.org/10.3389/fpsyt.2021.739085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34950065&dopt=Abstract
http://dx.doi.org/10.1177/0733464820959168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32954905&dopt=Abstract
http://dx.doi.org/10.1037//0882-7974.15.2.187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10879576&dopt=Abstract
https://europepmc.org/abstract/MED/35462833
http://dx.doi.org/10.3389/fpubh.2022.845978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35462833&dopt=Abstract
https://europepmc.org/abstract/MED/33263273
http://dx.doi.org/10.1017/S1463423620000584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33263273&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2020.305784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32639914&dopt=Abstract
http://dx.doi.org/10.1093/geronb/gbu018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24671896&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guoet d

42.

43.

44,

45,

46.

47.

48.

49,

YuK, Wu S, Chi I. Internet use and loneliness of older adults over time: the mediating effect of social contact. J Gerontol
B Psychol Sci Soc Sci. 2021;76(3):541-550. [doi: 10.1093/geronb/gbaa004] [Medline: 31942629]

Méllor D, Firth L, Moore K. Can the internet improve the well-being of the elderly? Ageing Int. 2008;32(1):25-42. [doi:
10.1007/s12126-008-9006-3]

Chen YR, Schulz PJ. The effect of information communication technol ogy interventions on reducing social isolation in the
elderly: a systematic review. JMed Internet Res. 2016;18(1):e18. [FREE Full text] [doi: 10.2196/jmir.4596] [Medline:
26822073]

Dhir A, Yossatorn Y, Kaur P, Chen S. Online social mediafatigue and psychological wellbeing—a study of compulsive
use, fear of missing out, fatigue, anxiety and depression. International Journal of Information Management.
2018;40(4):141-152. [FREE Full text] [doi: 10.1016/).ijinfomgt.2018.01.012]

Rahayu TB, Supriyanti S, Kasim J, Munazar M, Vandika AY. Use of mobile applications for monitoring adol escent mental
health. J. of World Future Medicine, Health and Nursing. 2024;2(2):264-275. [doi: 10.70177/health.v2i2.761]

Visnji¢ A, Kok K, Terzi¢-Supi¢ Z, Stankovi¢ M. Editorial: excessive internet use and itsimpact on mental health. Front
Public Health. 2024;12:1473656. [FREE Full text] [doi: 10.3389/fpubh.2024.1473656] [Medline: 39206010]

TajikaA, Nakagomi A, Miyaguni Y, Koga C, Kondo K, Ojima T. Internet use and higher-level functional capacity decline
suppression in Japanese older adultswith low education: JAGES 2016-2019 longitudinal study. IMIR Aging. 2024;7:e53384.
[FREE Full text] [doi: 10.2196/53384] [Medline: 39303276]

Zhang J, Yang Y. Can environmental disclosureimprove price efficiency? The perspective of price delay. Finance Research
Letters. 2023;52:103556. [doi: 10.1016/j.frl.2022.103556]

Abbreviations

CESD-10: Center for Epidemiologic Studies Depression Scale
CHARLS: ChinaHealth and Retirement Longitudina Study
FE: fixed effects

IV: instrumental variable

NBDCPZ: National Big Data Comprehensive Pilot Zone
OLS: ordinary least squares

Edited by A Mavragani; submitted 14.08.24; peer-reviewed by Y Yang, C Zhao, V Rashedi; comments to author 04.11.24; revised
version received 09.11.24; accepted 05.12.24; published 31.01.25

Please cite as:

GuoL, Li Y, ChengK, Zhao Y, in W, Liu Y

Impact of Internet Usage on Depression Among Older Adults: Comprehensive Sudy
J Med Internet Res 2025;27:€65399

URL: https://mww.jmir.org/2025/1/e65399

doi: 10.2196/65399

PMID:

©Lin Guo, Yunwei Li, Kai Cheng, Ying Zhao, Wengiang Yin, Ying Liu. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 31.01.2025. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is
properly cited. The complete bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as
this copyright and license information must be included.

https://www.jmir.org/2025/1/e65399 JMed Internet Res 2025 | vol. 27 | e65399 | p. 14

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1093/geronb/gbaa004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31942629&dopt=Abstract
http://dx.doi.org/10.1007/s12126-008-9006-3
https://www.jmir.org/2016/1/e18/
http://dx.doi.org/10.2196/jmir.4596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26822073&dopt=Abstract
http://dx.doi.org/
http://dx.doi.org/10.1016/j.ijinfomgt.2018.01.012
http://dx.doi.org/10.70177/health.v2i2.761
https://doi.org/10.3389/fpubh.2024.1473656
http://dx.doi.org/10.3389/fpubh.2024.1473656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39206010&dopt=Abstract
https://aging.jmir.org/2024//e53384/
http://dx.doi.org/10.2196/53384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39303276&dopt=Abstract
http://dx.doi.org/10.1016/j.frl.2022.103556
https://www.jmir.org/2025/1/e65399
http://dx.doi.org/10.2196/65399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

