
The Heterogeneous Impact of Internet
Use on Older People’s Mental Health:
An Instrumental Variable Quantile
Regression Analysis
Huoyun Zhu*, Zhaoqi Li and Wenyi Lin*

School of Public Administration School of Emergency Management, Institute of Common Prosperity and National Governance,
Jinan University, Guangzhou, China

Objectives: Whether Internet use improves older people’s health is an open question.
This study empirically investigated the impact of Internet use on older people’s mental
health with a focus on the heterogeneity among subgroups.

Method: Data come from the 2018 China Health Retirement Longitudinal Study (n =
8,505). An instrumental variable quantile regression method (IVQR) combines the
instrumental variable and quantile regression to resolve the endogeneity and
heterogeneity generally challenged in ordinary least squares (OLS).

Results: Although Internet use generally improves older people’s mental health, there is
enormous heterogeneity in the effects on older adults with different mental health
conditions. Specifically, Internet use only has a mitigating impact on older adults with
poor mental health. Those heterogeneities are also found between rural and urban
residents but not between genders.

Conclusion: Our findings shed light on active and healthy aging strategies. Two policy
priorities include, on the one hand, the Internet user environment should be improved in
parallel with Internet technology; on the other hand, multiple measurements are urgent to
be developed to deal with the heterogeneity and unevenness of the impact of Internet
technology on older people.
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INTRODUCTION

Aging combined with digitalization is the most prominent feature in the Post-epidemic era.
Population aging in China is accelerating. The Seventh Population Census shows that in China,
older people aged 65 and above reached 190 million in 2020, accounting for 13.5 percent of the total
population (1). It is expected to be 398 million by 2060 (2). On the one hand, older people’s physical
functions decline with age; on the other hand, due to the increasing “miniaturization” of the
traditional family structure and withdrawal from society and the labor market, older people are
vulnerable to health risks. Compared to physical health, mental health is often overlooked. Older
people’s mental health in China is not optimistic (3). More than 85 percent of older people suffer
from varying psychological problems, and 27 percent are in a severe phase (4). Appropriate
intervention measures for older people’s mental health reduce medical care expenditure but also
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help to alleviate the conflict between the supply and demand of
social services to improve their quality of life.

In the post-epidemic era, the digitalization of prevention
measures has made the Internet gradually become an essential
part of older people’s life. It also results in an increasing number
of older cyber citizens. The size of older cyber citizens aged 60 and
above in China has increased from 40 million in 2017 to
119 million by the end of 2021, the proportion of older cyber
citizens to older people aged 60 and above has accordingly
increased from 16.6 percent to 43.2 percent (5). Meanwhile,
the Fifth Plenary Session of the 19th CPC Central Committee
put forward the comprehensive promotion of a healthy China, in
which the health aging route has been outlined. This report also
emphasizes the academic research and application between the
Internet and healthy aging at the social level. It was followed by a
series of policies on “smart aging” and “Internet + Aging.”
Therefore, it is of great theoretical and practical value to
investigate the impact of Internet use on older adults’ mental
health and the heterogeneity among subgroups.

Many scholars have discussed the relationship between
Internet use and older people’s mental health with distinct
conclusions. Generally, there are three different attitudes to
the relationship between Internet use and older people’s
mental health. The first view supports the positive effect of
Internet use on older people’s mental health. Boekel (6)
pointed out that Internet use allows older people to expand or
maintain social connections, boosts access to information, and
thus reduces feelings of isolation. Cotten et al. (7) found that older
people who use the Internet suffer from less depression and enjoy
better mental health. Some studies in China have also found that
Internet use can promote older people’s mental health through
mediating pathways such as social interaction (8–10).

The second opinion, however, supports the adverse effect.
Some studies proposed the “Internet social paradox”, which states
that Internet users are prone to loneliness (11, 12). Because older
cyber citizens reduce social contact and participation, negatively
affecting their mental health (13). Meanwhile, the increased
frequency of Internet use may lead to problems such as
sedentary lifestyles and obesity (14). Wan et al. (15)
interviewed 363 older adults in Community Day Care Centres
in Henan Province. They concluded that older adults who used
their mobile phones for longer average daily hours or used an
excessive number of software functions are likely to be higher
levels of loneliness. It suggests that a battery of older people are
“Silver-haired phubbers”who spendmuch time onmobile games,
short videos, and chatting (16). Over-dependence on the Internet
and inappropriate use of its functions generate older people’s
mental and social adjustment disorders (17).

The third one supports neither above points. The Internet does
not provide emotional support for users if online relationships do
not translate into offline interactions (18). Chen et al. (19) argued
that the positive effects of Internet use on mental health are
diminishing, and older people on the Internet may also
experience the dilemma of “being alone together.” Hong et al.
(20) found that Internet use led to higher social connectivity,
greater empathy, and social cognition but did not affect their
sense of isolation in interviews with 54 older people.

Due to the conflicting views, the heterogeneity of the impact
of Internet use on older people’s mental health has gradually
been brought to the attention of scholars. However,
conclusions on the impact of heterogeneity among
subgroups are substantially varied. Some studies found
significant urban-rural differences in the impact of Internet
use on older people’s physiological and mental health. Urban
older people benefit more than their rural counterparts (21,
22). Li and Zhou (23) examined the moderating effect of
gender on the mediatory role of parent-child connectedness
between Internet use and subjective wellbeing. In contrast, Li
and Jia (24) found that Internet use had a more substantial
effect on mental health promotion for the oldest old, male, and
rural older people. Another study found that the effect of
Internet use on health promotion diminished with age (25).

This literature review reveals that there is no consensus on
the influence of Internet use on older people’s mental health,
and there are some limitations. First, most studies treat older
people as a homogeneous group and conclude varied, even
conflicting outcomes. A tiny amount of research on
heterogeneity mainly focuses on genders, geographic areas,
and other variables. Scarce studies explore the uneven impact
of Internet use on subgroups with different mental health
conditions. Second, in terms of research methodology,
existing studies mainly focused on simple descriptive
statistics and multiple linear regression analysis, which
have been well criticized for the estimation effectiveness,
especially in terms of endogeneity and heterogeneity. For
example, Internet use and older people’s mental health may
interact.

This study at hand fills those gaps and is divided into three
sections. First, the dataset, variable measurements, and method
used in this study are described. Second, the empirical results are
reported. The final section of this study discusses the empirical
results followed by the policy suggestions for future direction to
improve older people’s mental health and reduce inequality in
health.

METHODS

Data
This study employs data from the China Health Retirement
Longitudinal Study (CHARLS), a nationally representative
survey initiated in 2011, followed by three follow-up waves in
2013, 2015, and 2018, respectively. It has high national
representativeness (9). The response rate and data quality are
among the highest in the world for similar projects (8). This
survey has covered 28 provinces, 150 county-level units, and
450 village-level units. Considering the availability of Internet use
information only in the 2015 and 2018 waves and the higher
Internet coverage rate in the latter one, the dataset adopted in this
study is from the last wave in 2018, with 19,816 middle-aged and
older people, and the Internet use information from the
2015 wave was used as an instrumental variable. This study
confines a sample between 60 and 80 years old, given their
higher health status rates and Internet use rates. The sample
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size reduces to 9,176, which further reduces to 8,505 after
eliminating missing data.

Variable Measurement
Dependent Variable: Depression Symptoms
This study uses the CES-D scale to measure older people’s mental
health, which is the most widely used tool for measuring
depressive symptoms. This scale has demonstrated high levels
of internal consistency across samples and concurrent validity
(26), and has been validated for use in Chinese contexts (27). The
Cronbach’s alpha based on the used Chinese sample is 0.809,
suggesting high reliability. The CES-D scale includes ten items
covering both negative and positive aspects. These are: “I was
bothered by things that do not usually bother me,” “I had trouble
keeping my mind on what I was doing,” “I felt depressed,” “I felt
everything I did was an effort,” “I felt hopeful about the future,” “I
felt fearful,” “My sleep was restless,” “I was happy,” “I felt lonely,” “I
could not get going.” As for the negative questions, the answer
values were coded as follows: rarely or none of the time (<1 day) =
0; some or a small amount of the time (1–2 days) = 1; occasionally
or a moderate amount of the time (3–4 days) = 2; most or all of
the time (5–7 days) = 3. It was coded in a reverse direction for the
positive questions. We then made a sum of ten items—the scores
of mental health range from 0 to 30. A higher score indicates
more significant depression (28).

Independent Variable: Internet Use
The independent variable in this study is Internet use, which was
measured by the frequency of Internet use among older people
(12). It is measured by two questions, including “Have you done
any of these activities in the last month?” and “How often in the
last month did you do them?” The first question covers 11 activity
patterns, such as Internet use, charity work, and social contacts,
companied by an additional option indicating without any
activities. Respondents were asked for all activities one by one.
Then the second question was employed to measure the
participation frequency of each activity with three degrees: not
regularly, almost every week, and almost daily. We selected the
Internet use activity in the first question and calculated the
Internet use frequency variable based on the second one,
which was assigned 1, 2, 3, and 4 to “No,” “Not regularly,”
“Almost every week,” and “Almost daily,” respectively.

Covariates: Demographic Characteristics
We control for a range of covariates including individual and
household characteristics that may be correlated with Internet use
and older people’s mental health (9). In light of previous studies,
we selected gender (male = 1; female = 0), age, ethnicity (Han = 1;
Minority = 0), educational attainment (illiteracy = 1; primary
school = 2; middle school = 3; high school and above = 4),
religiosity (yes = 1; no = 0), residence status (urban areas = 1; rural
areas = 0), marital status (married = 1; others = 0), and
coresidence with children (yes = 1; no = 0) (29, 30).

Instrumental Variable: Internet Use in 2015
Given a potential reverse causal relationship between Internet use
and older people’s mental health, we have to consider the

endogeneity issue, which may result in estimation bias. A
majority of scholars used propensity score matching to address
it, relying on the “observable factors are ignored” hypothesis. In
contrast, the instrumental variable method has unique
advantages for quantitative analysis based on survey data (31).
This study selected the one-period lagged Internet use as the
instrumental variable-the Internet use variable in the 2015 wave.
Older people’s Internet use in the 2015 wave is highly associated
with their Internet use in the next wave, while it is not correlated
with the disturbance term (9).

Table 1 reports the variables and sample distribution. It shows
that the average depression scores are 8.8 indicating an upper
level of health conditions. More older people had access to the
Internet in 2018 than in 2015, although most of them did not use
the Internet regularly. Another point of concern is that
54.3 percent of older adults live apart from their children, who
are at higher risk of experiencing mental health problems.

Empirical Strategy
We first used ordinary least squares (OLS) and two-stage least
squares (2SLS) regression to estimate the following models to
explore the effect of Internet use on older people’s depression
scores.

Healthi � αInterneti + γXi + μi (1)
Interneti � γ1Xi + γ2Zi + εi (2a)

Healthi � α1Xi + α2Interneti + ei (2b)
Healthi is the mental health status (depression scores) of

individual i. Interneti is the Internet use frequency of
individual i, and Xi represents all covariates, including gender,
age, ethnicity, marital status, etc. Zi is the instrumental variable
related to Interneti, and μi is the error term.

The OLS and 2SLS deal with the average treatment effect of the
independent variable on the dependent one, which cannot resolve
the heterogeneity among subgroups.We then employed the quantile
regression method with instrumental variables (IVQR) proposed by
Chernozhukov and Hansen (32) to compare the heterogeneity
among subgroups with different depression scores. We estimated
the τth quantile of the dependent variable, Health, as a linear function
of the endogenousmetric (Interneti), a vector of covariates (Xi), and a
disturbance term (μi).

Qhealth τ( ) � ατInterneti + βiXi + μi (3)
We further assume Interneti to be predicted by the following

equation based on Eq. 2a.

Interneti � γ1τXi + γ2τZi + vi (4)
Where vi denotes a disturbance term being similar to εi in Eq.

2a. The quantile regression model at the τth quantile of Healthi is
then identified by:

Ρ Healthi ≤ ατInterneti + βτXi + μi
∣∣∣∣Xi, Zi[ ] � τ (5)

This leads to the simplified objective function:

arg min∑n

i�1ρτ Healthi − ατInterneti − βτXi − γτZi( ) (6)
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Where ρτ(*) denotes the quantile loss function, and then, we
could estimate the coefficient ατ by tackling the minimization
problem.

We conducted all empirical analyses by Stata version 16.0.

RESULTS

The Impact of Internet Use on Older
People’s Mental Health
Webeginwith amultiple linear regressionmodel to analyze the effect of
Internet use on depression scores in older people, as shown in Table 2.
Model 1 only contains Internet use. The coefficient of Internet use
is −1.215 with a statistical significance at 0.1 percent level, suggesting a
positive health promotion effect. Model 2 adds the individual
characteristics variables based on Model 1. The Internet use
coefficient remains robust but significantly reduced to −0.581. Model
3 further introduces family characteristics variables, the results of which
are consistent with the above two models. We can preliminarily
conclude that the higher the frequency of Internet use, the lower the
depression score and the better themental health status of older people.

As for control variables, gender, education, marital status,
residence, and religiosity significantly affect older people’s

mental health except for age and coresidence with their
children. The regression coefficient of gender is significantly
negative, indicating that women’s health status is worse than
men’s. While educational attainment is positively related to
mental health, suggesting better health status for those with
higher education. Both religion and residence status (urban or
rural) are negatively associated with older people’s health.
Those living in urban areas and having religious beliefs
show lower depression scores, which is consistent with the
findings of Li (33). Among the family characteristics variables,
marital status significantly negatively affected older people’s
mental health. Those with a spouse are in better health (21).
Interestingly, older people’s mental health does not worsen
with age and is not associated with whether they reside with
their children.

We then conducted the 2SLS with the first-order lagged
Internet use as the IV to test the potential endogeneity. The
validity of the selected instrumental variables was tested first, and
the results showed that both the Wald-F statistic and the KP
Wald-F statistic were much more significant than 10, indicating a
refusal of a weak instrumental variable. Secondly, there is no
over-identification problem because the number of endogenous
variables is consistent with the number of instrumental variables.

TABLE 1 | Sample distribution (N = 8,505) (China Health and Retirement Longitudinal Study, China, 2015, 2018).

Variables Minimum value Maximum value Average value Standard deviation

Depression Scores 0 30 8.762 6.646
Internet use (2018) 1 4 1.178 0.695
Internet use (2015) 1 4 1.084 0.482
Gender 0 1 0.496 0.500
Age 60 80 67.705 5.341
Ethnicity 0 1 0.929 0.258
Education attainment 1 4 2.079 0.906
Religiosity 0 1 0.213 0.409
Marital status 0 1 0.822 0.382
Coresidence with children 0 1 0.543 0.347
Residence 0 1 0.248 0.432

TABLE 2 | The effect of Internet use on depression scores of older people (China Health and Retirement Longitudinal Study, China, 2018).

Variable name Model 1 Model 2 Model 3

Internet use −1.215*** (0.103) −0.581*** (0.108) −0.574*** (0.108)
Gender (female = 0) −1.809*** (0.152) −1.653*** (0.154)
Age 0.011 (0.013) −0.010 (0.014)
Ethnicity (other ethnic groups = 0) −0.558** (0.271) −0.496* (0.271)
Educational attainment (illiterate = 1)
Primary Schools −0.465*** (0.177) −0.450** (0.177)
Junior High School −1.488*** (0.240) −1.455*** (0.239)
High School and above −2.085*** (0.297) −2.040*** (0.297)

Religiosity (others = 0) −0.682*** (0.175) −0.694*** (0.175)
Residence (rural = 0) −1.258*** (0.176) −1.257*** (0.176)
Marital status (others = 0) −1.272*** (0.190)
Coresidence with children (no = 0) −0.156 (0.140)
Constant term 10.193*** (0.141) 11.253*** (0.955) 13.615*** (1.023)
Observations 8,505 8,505 8,505
R2 0.016 0.066 0.071

Note: ***, **, * denotes 1%, 5% and 10% significance levels, respectively; all coefficients and S.E. are unstandardized.
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The detailed results of the 2SLS analysis are reported in
Table 3, which confirms previous results based on the OLS.
Moreover, the coefficient of Internet use in the second stage
is −0.854, more significant than in OLS. It indicates an
underestimation by a traditional linear regression and
confirmation of a robust causal relationship between Internet
use and mental health in old age.

Heterogeneity of Health Promotion Effects
We then explore the heterogeneous impact of Internet use on
older people’s mental health using IVQR. As shown in Table 4,
Internet use coefficients vary among subgroups and decrease
steadily from −0.064 for the first quantile with the lowest
depression scores to −2.220 for the ninth quantile. This

confirms that traditional OLS regression treats all older people
equally and masks the considerable heterogeneity. Meanwhile,
only those with higher depression scores above the fifth quantile
statistically significantly benefit from Internet use. It suggests that
Internet use promotes mental health more effectively for
disadvantaged older people than their counterparts with better
health. Specifically, Internet use is associated with an increase in
older people’s mental health ranging from 0.678 to 2.220 for the
remaining half of older people with poorer mental health, which
is significantly larger than the mean effect in OLS.

To detail the heterogeneity of the health promotion effect, we
examine whether Internet use’s effect varies by gender and residence
areas, as shown in Table 5. For simplicity, the coefficients of all
control variables are not reported. The results show that there are
considerable heterogeneities between places of residence. Compared
to older people in rural areas, those in urban ones benefit from
Internet use significantly. Rural older people in each quantile are
non-significant at a 10 percent level. A confusing picture of
heterogeneity is shown between genders. The coefficients of
women are larger than men’s but with significance at a
10 percent level. Thus the unequal heterogeneity of the health
promotion effect between genders cannot be confirmed in this study.

Sensitivity Analysis
This study mainly selected older people aged 60–80 as the subject
of the analysis, ignoring some potential vital samples. So we
perform robustness tests under different sample group

TABLE 3 | Regression of 2SLS model for the effect of Internet use on depression
scores of older people (China Health and Retirement Longitudinal Study,
China, 2018).

Variable name Stage 1 Stage 2

Internet use (2015) 0.549*** (0.032)
Internet use (2018) −0.854*** (0.209)
Control variables Yes Yes
Constant term 0.946*** (0.094) 14.052*** (1.080)
Observations 8,505 8,505

Note: ***, **, * denote 1%, 5%, and 10% significance levels, respectively; all coefficients
and S.E. are unstandardized.

TABLE 4 | Quantile regression results for the effect of Internet use on depression in older people (China Health and Retirement Longitudinal Study, China, 2018).

Variable name Quantiles

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Internet use −0.064
(0.908)

−0.137
(0.272)

−0.102
(0.247)

−0.156
(0.297)

−0.385
(0.235)

−0.678***
(0.251)

−1.134**
(0.464)

−1.678**
(0.659)

−2.220***
(0.505)

Gender −0.693***
(0.138)

−0.804***
(0.140)

−1.105***
(0.163)

−1.320***
(0.187)

−1.700***
(0.196)

−2.116***
(0.220)

−2.328***
(0.258)

−2.257***
(0.290)

−2.434***
(0.323)

Age 0.010
(0.014)

0.007
(0.013)

0.004
(0.014)

0.009
(0.016)

−0.001
(0.018)

−0.020
(0.020)

−0.023
(0.023)

−0.022
(0.025)

−0.031
(0.034)

Ethnicity 0.021
(0.244)

−0.0165
(0.186)

−0.558***
(0.201)

−0.656
(0.465)

−0.428
(0.723)

−0.545*
(0.282)

−0.365
(0.591)

−0.369
(2.590)

−0.193
(8.003)

Education attainment (illiterate)
Primary Schools −0.220

(0.146)
−0.274*
(0.165)

−0.352*
(0.200)

−0.257
(0.222)

−0.399
(0.264)

−0.448
(0.278)

−0.576**
(0.284)

−1.069***
(0.324)

−1.021**
(0.420)

Junior High
School

−0.418
(0.304)

−0.633***
(0.241)

−0.764***
(0.264)

−0.940***
(0.300)

−1.286***
(0.338)

−1.510***
(0.379)

−1.964***
(0.396)

−2.516***
(0.421)

−2.999***
(0.501)

High School and
above

−0.730
(0.679)

−1.134***
(0.318)

−1.486***
(0.313)

−1.809***
(0.373)

−2.149***
(0.413)

−2.459***
(0.471)

−2.662***
(0.513)

−2.927***
(0.580)

−2.731***
(0.665)

Religiosity −0.225
(0.163)

−0.414***
(0.157)

−0.584***
(0.184)

−0.754***
(0.235)

−0.892***
(0.223)

−0.984***
(0.222)

−0.911***
(0.278)

−1.117***
(0.385)

−0.893**
(0.371)

Residence −0.646***
(0.239)

−1.017***
(0.165)

−1.385***
(0.170)

−1.461***
(0.207)

−1.455***
(0.255)

−1.428***
(0.275)

−1.280***
(0.353)

−1.013***
(0.392)

−1.034***
(0.356)

Marital status −0.535***
(0.160)

−0.655***
(0.179)

−0.829***
(0.213)

−0.949***
(0.222)

−1.205***
(0.231)

−1.609***
(0.272)

−1.702***
(0.304)

−1.883***
(0.354)

−2.025***
(0.495)

Residency status 0.016
(0.127)

−0.047
(0.131)

−0.062
(0.146)

−0.036
(0.162)

−0.052
(0.180)

−0.074
(0.206)

−0.143
(0.236)

−0.103
(0.279)

−0.253
(0.307)

Constant term 1.926
(1.595)

4.434***
(1.017)

6.995***
(1.040)

−0.754***
(1.253)

11.517***
(1.566)

15.745***
(1.580)

18.851***
(2.009)

22.540***
(3.507)

27.592***
(7.993)

Observations 8,505 8,505 8,505 8,505 8,505 8,505 8,505 8,505 8,505

Note: ***, **, * denote 1%, 5% and 10% significance levels respectively; all coefficients and S.E. are unstandardized.
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restrictions following Rafnsson et al. (34) reported in Table 6.
First, we extend the sample to include those aged 80 and over,
including 9,070 cases. The results show that the coefficient of
Internet use is −0.859 with a statistical significance at a
0.01 percent level, slightly larger than above (−0.854).
Coefficients of Internet use in IVQR are negatively correlated
with the depression scores, which is also in line with the above.
Second, we extend the lower age limit to 50. We obtain a very
similar result and more coefficients in lower quantiles are
significant due to the larger sample.

DISCUSSION

Using nationally representative and the latest available data
from China in 2018, this study examines the impact of Internet
use on older people’s mental health and the impact
heterogeneity instead of focusing on average impacts
conducted by previous research. It allows us to deeply
understand to what extent Internet use unevenly affects the
mental health of different older people. We find that less than
10 percent of older adults used the Internet, which, however,
generally positively impacts older people’s mental health (35,
36). Increasing the frequency of Internet use can effectively

alleviate the mental depression of older people and enhance
their mental health. Each increase in the frequency level of
Internet use can reduce the depression score of older people by
approximately half a point. Depression scores of older people
using the Internet were 5.46, significantly lower than 6.68 for
Internet non-users. Our findings are consistent with previous
studies from both China and other countries. Results from
Yang and his colleagues (29) based on the CHALRS indicate
that older adults using the Internet had 1.8 points lower scores
of depression symptoms than non-users. Cotten et al. (7)
estimated a one-third reduction in the depression
probability among older cyber users in the United State. In
Japan, 11.7 percent of Internet non-users reported clinical
depression, whereas 7.7 percent of Internet users developed
clinical depression (37).

Those findings align with the activity theory, which claims
that older people should take on specific social roles in later life
and remain active and fully socially engaged as a key and
fundamental part of successful aging (38). Internet use has
effectively enriched opportunities for older people to
participate socially and reduced social isolation through
multiple pathways of social engagement, such as learning,
entertainment, social interaction, and access to information
(39). It is essential for older people to connect with social

TABLE 5 | Quantile regression results by gender and residence areas (China Health and Retirement Longitudinal Study, China, 2018).

Variable
name

Quantiles

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Internet use Urban
residents

−0.041
(0.371)

−0.067
(0.303)

−0.110
(0.319)

−0.134
(0.309)

−0.263
(0.263)

−0.491
(0.300)

−0.933*
(0.486)

−1.466**
(0.701)

−1.830**
(0.823)

Rural
residents

−0.104
(0.917)

−0.464
(0.460)

−0.500
(0.516)

−0.283
(0.564)

−0.486
(0.540)

−0.885
(0.590)

−1.353
(0.843)

−1.904
(1.461)

−1.842
(3.786)

Women −0.172
(1.487)

−0.325
(0.604)

−0.473
(0.565)

−0.825
(0.615)

−0.946**
(0.474)

−0.943*
(0.494)

−1.327
(0.929)

−2.100**
(0.852)

−2.967*
(1.716)

Men 0.008
(0.809)

−0.006
(0.303)

0.024
(0.268)

−0.021
(0.308)

−0.245
(0.273)

−0.576*
(0.301)

−0.960**
(0.468)

−1.431
(1.069)

−1.954***
(0.522)

Control
variables

Yes

N 8,505 8,505 8,505 8,505 8,505 8,505 8,505 8,505 8,505

Note: ***, **, * denote 1%, 5% and 10% significance levels, respectively.

TABLE 6 | Results of the sensitivity analysis (China Health and Retirement Longitudinal Study, China, 2018).

2SLS IVQR

Quantiles

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Test I. Sample aged 60 years and above
Internet use −0.859***

(0.207)
−0.068
(0.917)

−0.185
(0.265)

−0.198
(0.238)

−.266
(0.290)

−0.459*
(0.235)

−0.731***
(0.249)

−1.178***
(0.449)

−1.662***
(0.576)

−2.017***
(0.502)

Observations 9,070 9,070 9,070 9,070 9,070 9,070 9,070 9,070 9,070 9,070

Test II. Sample aged 50–80 years
Internet use −0.748**

(0.232)
−0.138
(0.381)

−0.286
(0.186)

−0.371**
(0.167)

−0.424**
(0.199)

−0.554***
(0.199)

−0.692***
(0.190)

−0.963***
(0.304)

−1.300***
(0.368)

−1.487***
(0.455)

Observations 14,021 14,021 14,021 14,021 14,021 14,021 14,021 14,021 14,021 14,021

Note: ***, **, * denote 1%, 5% and 10% significance levels, respectively; all coefficients and S.E. are unstandardized.
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networks leading to a reduction in depressive symptoms and
an increase in mental health (40). The Internet is a critical
medium for contact and interaction with their children,
especially for empty-nest older adults with more serious
mental health problems (41). In addition, they also use the
Internet to gain and learn about health and ways to channel
their emotions to promote their mental health (42).

However, there is enormous heterogeneity in the effects on
older adults with different mental health conditions. Internet use
only has a statistically alleviating effect on older people with poor
mental health. Furthermore, the marginal effect decreases with
health conditions. The more poorly they did, the stronger the
alleviating effect was, while the effect of Internet use on their
mental health was not significant for those with better health
conditions. The effect of Internet use on older people with better
mental health was insignificant, which may be attributed to two
reasons. On the one hand, as “ignorance is bliss” says, happy people
would self-select into low attachment to Internet use and be
content with their current lives without seeking to improve
their situation through the Internet (43). On the other hand,
The Internet hardly impacts older people’s mental health, such
as emotional isolation, if they only rely on weak online
relationships. The health promotion effect occurs when weak
online relationships are transformed into more solid offline
relationships, which are more likely to provide emotional
support and thus alleviate mental health problems (18). While
the ability of the Internet to transform online relationships into
offline relationships is weakening, resulting in a reduction in
meeting emotional needs. For older users with better health
conditions, Internet use weightily affects the “information flow”
rather than the “emotional flow” (19). They may be more active in
offline social engagement activities while focusing on the
information itself through the Internet (44). Internet, when the
positive effects of offline activities on their mental health outweigh
the ones from the Internet, can lead to a situation where the effect
on users’ mental health is feeble or disappears.

We also found unequal heterogeneities between places of
residence and genders. Rural older adults did not seem to
alleviate depression symptoms by using the Internet, which
can be attributed to several factors. First, the non-significance
for rural older people may be rooted in the small sample size. As
small as 2.7 percent of older people in rural areas used the
Internet, compared to 21.5 percent in urban ones. Second, it
may be related to the limited access to the Internet for rural older
adults in the real world. Most rural older adults do not use
smartphones or computers. Third, the minority of older people
with Internet access exclusively use a small number of simple
functions such as WeChat.

Conclusion
This study confirmed the positive and heterogeneous impact of
Internet use on older people’s mental health by using a highly
representative and latest available dataset. Specifically, older
adults with poorer health conditions are more beneficial from
the Internet. Furthermore, compared to older adults in urban
areas, those in rural ones did not show the buffering effect of
Internet use. Our findings shed light on active and healthy

aging strategies. Firstly, the Internet user environment should
be improved in parallel with Internet technology. Over
110 million users are older people aged 60 and over by the
end of 2020 in China. Due to the strictest quarantine policy in
the world, this number is expected to double or triple in recent
years. While the Chinese government at different levels has
exerted much effort to let older adults gain access to the
Internet, further efforts should be in improving the ability
of older adults to use the Internet effectively. The government
should make top-level design guidelines with a guarantee of
including older adults, especially those in less developed areas
such as rural areas, and the disadvantaged group such as older
women. For example, we should carry out the age-appropriate
renovation of the Internet environment to improve Internet
accessibility for older people in rural areas or with less
education.

Secondly, Multiple approaches should be taken to alleviate the
mental health problems of older people with diverse mental
health conditions, and various supports should be provided for
their Internet use. For older people with poor mental health, we
should narrow the digital divisions from triple aspects. One is
improving Internet accessibility to overcome the first digital
division by expanding Internet coverage and reducing user
costs. Another measure has to aim at the acceptability of the
Internet. It includes simplifying digital devices. Despite the rapid
development of Internet technology in current years, most digital
products and their functions target younger users and neglect the
needs of older people. We should accelerate the development of
age-appropriate Internet products and services to meet the
growing demand for internet access and the emotional needs
of older people. The third may lie in improving “digital literacy,”
which enables the virtual network to be transformed into offline
network efficiency. Inequality in socioeconomic status and
knowledge also exists in the virtual community, which
produces stratified outcomes for subgroups. Older people with
mental health problems can engage in social activities through the
Internet, replacing the decreased accessibility of offline social
networks.

Limitations
There are also some limitations in this study. Firstly, given the
subject of our research, it is difficult to find appropriate
external shocks (e.g., unanticipated policy changes) as
Instrumental variables for Internet use. As such, the validity
of our Instrumental variable could be questioned, although its
validity has been technologically passed in our test. More
importantly, given the proximity of the OLS and the 2SLS
estimates, we believe that our results are not heavily
contaminated by endogeneity, and the positive impact of
Internet use on older adults’ mental health can be
interpreted as a causal relationship. Secondly, this study
only uses the frequency of Internet use in older people to
measure the independent variables. It does not consider the
varied effects of different Internet use behaviors of older
people on mental health since the limitation of current
questionnaires. We failed to test the linking mechanism
between Internet use and mental health. Thirdly, due to the
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low usage rate of the Internet in earlier years, less than
10 percent of older people have access to the Internet, so
the generalizability of our findings is likely to be questioned.
However, existing studies based on several national surveys,
including CLASS, CFPS, and CGSS, have together confirmed
the positive association between Internet use and mental
health (30, 45, 46). With the universalization of the
Internet, those limitations deserve to be resolved in further
study.
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