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Objectives: Internet use and the results of mental health are related. Numbers of
studies presented the association between Internet use and depression, and the
middle-aged and elderly adults with multimorbidity are of concern. The study
aimed to explore the relationship between Internet use and depression in
middle-aged and elderly adults with multimorbidity.

Methods: We selected 2550 respondents aged 45 years and above with
multimorbidity from the China Health and Retirement Longitudinal Study
(CHARLS) 2018 database. Logistic regression models were constructed to
examine the effects of Internet use on depression, as well as comparing
gender differences. Meanwhile, propensity score matching (PSM) was used to
test the robustness of the results.

Results: Overall, 49.8% of respondents had a risk of developing depression, and
14.9% of the participants used the Internet. Internet use (OR = 0.66, P = 0.002),
type of devices (one type: OR = 0.69, P = .011;>2 types: OR = 0.53, P = 0.03),
frequency of Internet use (regularly: OR = 0.67, P = 0.005) were all inversely
associated with depression. Significant differences between genders were
observed, Internet use was associated with a lower prevalence of depression
among men, while the association was not statistically significant among women.

Conclusions: There is a significantly negative association between Internet use
and depression in the middle-aged and elderly adults with multimorbidity in
China, and this relationship varies across different genders. This suggests that
Internet use may be a protective factor for depressive symptoms in the older
population, offering a guideline for policymakers to develop specific strategies
for different genders.
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1 Introduction

Ageing is a rapidly increasing trend worldwide. From 2020 to 2030,
the proportion of the global population aged 60 years and up is
estimated to increase by 34% (1). China has the largest elderly
population in the world, with 264 million elderly people aged 60 and
above in 2020, accounting for 18.7% of the total population (2). There
is no doubt that health is the issue of greatest concern in the aging
process. As age increases, organs begin to deteriorate and functional
recession intensifies, making the older populations increasingly
vulnerable to disease risks. As such, morbidity and mortality due to
chronic diseases mainly occur in older individuals (3). The coexistence
of 2 or more chronic diseases is defined as multimorbidity (4). On
account of the extension of life expectancy globally, multimorbidity
becomes progressively more common with age, and places a profound
burden both physically and mentally (5, 6). Therefore, it is necessary for
us to concentrate on the middle-aged and elderly adults
with multimorbidity.

Depression is an affective disorder characterized by a persistent
sensation of negativity, accompanied by functional deterioration in
organs (7). Depression is a common global health priority that
widely distributed in the population, posing huge challenges to the
health care system (8). The projections of the World Health
Organization suggested that it will be the most common disabling
disease around the world by 2030 (9). As one of the most prevalent
psychiatric disorders diminishing the elderly people’s quality of life,
it has become an urgent and growing concern globally (10). Chronic
disease is a risk factor for depressive symptoms for the elderly (11).
Also, risk of depression is doubled with multimorbidity compared
to those with one chronic disease (12, 13). Consequently, improving
the depression status in middle-aged and elderly adults with
multimorbidity needs to be focused on.

Currently, the Internet is increasingly becoming an integral part
of everyday life. The Internet is an important tool that provides
entertainment, living necessities and health-related information
(14). The Internet penetration rate in China has reached 77.5%,
and the proportion of netizen aged 50 and above was 32.5%, which
is growing markedly and continuously (15). The association
between Internet use and depression was well established, and
consequences were mainly divided into two directions. The
majority suggested that the Internet was a protective factor for
depressive symptoms (16, 17). Meanwhile, some studies drew
contrary conclusions that overuse of Internet could promote
depression (18, 19). Few studies have examined the association
from the perspective of the population with multimorbidity. Due to
possible technical barriers and physical inconvenience for older
adults with multimorbidity (20), the relationship between Internet
use and mental health outcomes still remains unclear. In addition,
gender is associated with late-life depression. Owing to the gender
difference in physiological and socioeconomic aspects, depression
affects men and women apart (21). Previous studies shown that the
prevalence of depressive symptoms was significantly higher among
women (22, 23). Consequently, it is crucial to take gender disparities
into account in exploring the connection between Internet use and
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depression. Therefore, the purpose of this study is to clarify the
association between Internet use and depression among the middle-
aged and elderly adults with multimorbidity, and to further explore
whether there are gender differences in the association.

2 Methods
2.1 Study design and participants

We used the publicly available 2018 CHARLS data (the China
Health and Retirement Longitudinal Study, wave 4) for cross-
sectional analysis, which was released in September 2020.
CHARLS was conducted by the Institute of Social Science Survey
at Peking University, which aims to provide a series of high-quality
data source for the current study on aging population. This
longitudinal study features large-scale as well as highly
representative, involving 19816 residents from 150 counties/
districts and 450 urban communities/villages. It offers an overall
analysis of the Chinese older individuals, including their household,
demographic features, physical health, mental health, and economic
status (24).

In our study, multimorbidity covered fourteen
noncommunicable kinds of chronic diseases: hypertension,
dyslipidemia, diabetes, cancer (excluding minor skin cancers),
chronic lung diseases, liver diseases (except fatty liver and
tumors), heart diseases (including heart attack, coronary heart
disease, angina, congestive heart failure, or other heart problems),
stroke, kidney diseases (except tumors), digestive diseases (except
tumors), emotional and psychiatric diseases, memory-related
disorders, arthritis or rheumatism and asthma. According to the
research purpose, we selected people 45 years and above with
multiple chronic diseases as the participants. Finally, a total of
2550 participants were enrolled, from which the following sample
data were omitted: (i) have been diagnosed by a doctor with less
than 2 kinds of chronic diseases; (ii) age <45 years; (iii) missing data
of CES-D-10 scores; (iv) missing data of demographic factors. The
participant selection process is displayed in Figure 1.

2.2 Variables

2.2.1 Independent variable

The main independent variable was Internet use. Based on the
question “Have you done any of these activities in the last month?”
in the CHARLS 2018 household questionnaire, we intercepted one
of the options “used the Internet” (Yes, No) to construct our main
independent variable.

Type of devices and frequency of Internet use were also
independent variables. According to the questions “Which types of
devices do you use to access the Internet?” “How often in the last
month did you use the Internet?”, “type of devices” (0/1/>2) and
“frequency of Internet use”: Never/Not regularly/Regularly (>once a
week: including almost daily and almost every week) were constructed
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Stepl: Less than 2 kinds of chronic diseases (n=16355)
Step2: Respondents aged < 45 years (n=76)

Exclusions

Eligible Sample
(n=3286)

Missing on CES-D-10 scores (n=728)

Exclusions

Eligible Sample
(n=2558)

Missing on demographic information (n=8)

Exclusion

Completed Sample
(n=2550)

FIGURE 1
Flowchart of participant selection.

respectively. Types of devices referred to desktop computer, laptop
computer, tablet computer, cellphone and other devices.

2.2.2 Dependent variables

By virtue of the Center for Epidemiology Studies Depression
Scale (CES-D-10) in the CHARLS questionnaire, we measured the
depressive symptoms and considered it as the dependent variable.
The CES-D-10 is a reliable tool for epidemiological survey, which
was developed by Andresen in 1977. The scale contains 10 different
items regarding the respondents’ behaviors during the previous
week, such as feeling fretful, difficulty in concentrating, feeling
depressed, feeling fearful and vision for the future. Each item is
divided into 4 levels (0 = none or rarely; 1 = for a little while; 2 =
occasionally or half of the time; 3 = most of the time) and the total
score ranges from 0 to 30. Higher scores indicate more severe
depressive symptoms (25). Referring to former studies, the
depression variable was ultimately constructed with a cut-off
point of 10. A total score of =10 was defined as depressive
symptoms, a score of <10 was defined as normal (26, 27).
Moreover, the scale shows good internal consistency (Cronbach’s
alpha = .820).

2.2.3 Control variables

Two types of control variables were selected, including
demographic characteristics and lifestyle factors. The former
embodied gender (man, woman), age (45-50, 51-60, 61-70, >70),
residence (urban, rural), education (illiterate, primary school,
middle school, high school, college and above) and marital status
(married, unmarried), the latter included sleep duration (<6h, 6-8h,
>8h), tobacco use (yes, no), alcohol use (yes, no), physical activities
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(yes, no), which were all dichotomous variables. We defined
“married and living with spouse present” and “married but not
living with spouse temporarily” as married; correspondingly,
“separated” “divorced” “widowed” and “never married”
constituted unmarried. Physical activities comprised any act
performed for at least 10 minutes every time over the course of a
week, such as carrying heavy stuff, hoeing, mopping, aerobic
workout, speed walking and so on.

2.3 Statistical analysis

Using StataMP 17.0 for preliminary data process and further
analysis. Given that all variables were categorical variables, the Chi-
square test was used to compare the association between various
types of variables and depression. To identify the association
between Internet use and depression as well as analyzing gender
differences, univariate and multivariate logistic regression analysis
were successively used. Model 1-2 examined the relationship
between Internet use and depression. Model 3 analyzed the
association between type of devices and depression. Model 4
analyzed the association between frequency of Internet use and
depression. Model 5-6 performed subgroup analysis of chronic
diseases, for groups with two chronic diseases and groups with
three or more chronic diseases respectively. Model 1 conducted
univariate analysis; Model 2-6 contained all control variables. Also,
gender differences were compared in the following model. The
difference was considered statistically significant if P-value <.05. In
addition, to reduce the selectivity bias, the propensity score
matching method (PSM) was applied for robustness testing.
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3 Results

3.1 Characteristic of participants according
to depressive symptoms

Table 1 depicts the basic characteristics in the whole sample.
2550 middle-aged and elderly adults with multimorbidity were
included. The mean age of all the participants was 61.96 years,
the mean age of Internet users and non-users was respectively 57.07
years and 62.83 years. Of all the participants, a greater proportion
were women (52.0%) and married (85.8%). Additionally, majority
of participants participated in physical activities (90.6%). Overall,
taking the total sample as a reference, 49.8% (1270/2550) of the
participants had depressive symptoms. In all the individuals with
depressive symptoms, being subclinical depressed was more
prevalent among women (59.2%), rural residents (82.7%),
married (82.8%), those did not smoke (62.8%), those did not
consume alcohol (73.8%) and participants not using the Internet
(90.2%). Among Internet users, participants using one type of
devices (190/380, 50.0%) and those with regular Internet usage
frequency (237/380, 62.4%) occupied the highest percentage and
were also associated with no symptoms of depression.

The mean CES-D-10 score of all participants was 10.57. In
terms of Internet use, the mean CES-D-10 score was 7.96 in Internet
users vs. 11.03 in Internet non-users. Figure 2 demonstrates a
downward trend in depression scores as the number of Internet-
enabled devices increases. Among Internet users, men had lower
mean CES-D-10 scores than women. The mean CES-D-10 score
was lowest in both men and women who using two or more types
of devices.

3.2 Comparison of type and frequency of
internet use between men and women

Table 2 summarizes participants’ Internet use by gender.
Totally, 14.9% (380/2550) of the participants used the Internet.
Among those who used Internet, the majority used one type of
device (11.5%), with a frequency of more than once a week (13.8%).
The proportion of men using the Internet (17.2%) was higher than
that of women (12.8%), with more types and higher frequency
(15.6% men vs 12.2% women used the Internet with a regular
frequency) of Internet use.

3.3 Association between internet use
and depression

Regression results for the relationship between Internet use and
depression are shown in Table 3. Model 1 only measured Internet
use and depression. Based on the results of the coefficient of
contingency test, we found that all variables except age were
significantly associated with depressive symptoms. Since age is a
common underlying demographic variable, we included it in the
analysis. Consequently, we added all control variables to Model 2-6.
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From all the models, we could find that Internet use was
consistently and significantly associated with a lower likelihood of
subclinical depression.

Upon adjusting for additional variables that could cause
confusion, Internet use was significantly and negatively associated
with depression (Model 2: OR = 0.66, 95% CI: 0.51-0.86, P = .002).
Type of devices was also significantly associated with a lower
possibility of subclinical depression (Model 3: one type: OR =
0.69, 95% CI: 0.52-0.92, P = .011;=2 types: OR = 0.53, 95% CI:
0.31-0.92, P = .03). Moreover, those who using the Internet at a
regular frequency was less likely to get depressed (Model 4: OR =
0.67, 95% CI: 0.51-0.89, P = .005).

We further performed a subgroup analysis for the population
with different kinds of chronic diseases. As for the population with
two chronic diseases, those who were Internet users (Model 5: OR =
0.62, 95% CI: 0.44-0.87, P = .006), using one type of devices (Model 5:
OR = 0.62, 95% CI: 0.42-0.90, P = .012) and with regular Internet
usage frequency (Model 5: OR = 0.63, 95% CI 0.44-0.90, P = .01) were
much less likely to suffer from depression. For the group with three or
more chronic diseases, no significant association was found.

Table 4 examined gender differences in the relationship between
Internet use and depression. Significant gender disparity was
observed among Internet users. Internet use (yes: OR = 0.58, 95%
CI: 0.40-0.85, P = .004), type of devices (one type: OR = 0.57, 95%
CI: 0.37-0.86, P = .008) and frequency of Internet use (regularly: OR
= 0.58, 95% CI: 0.39-0.85, P = .006) were significantly associated
with lower likelihood of depression in men. As for women, no
significant associations were found between different dimensions of
Internet use and depression.

3.4 Robustness test

Figure 3 presents the results of the balance test. The results
indicate the difference between the treated and control groups
before and after matching as a way of determining the effect of
matching. Before matching, the target population differed greatly in
individual and social characteristics, while the absolute value of
standardized errors after sample matching was less than 5%,
indicating that it can be assumed that there is no difference
between the treated and control groups. Nearest neighbor
matching, radius matching and kernel matching methods were
used to examine the average treatment effect (ATT) of Internet
use on depression of middle-aged and older adults, and the ATT
values estimated by the three methods were approximate, and the t-
values were all significant at the 5% level, which indicated that the
results of this study were robust (Table 5). After mitigating the effect
of confounding factors, the effect of Internet use on the mental
health status of middle-aged and older adults remained significant.

4 Discussion

Using cross-sectional data from a nationally representative
sample, our study presented an insight into the effect of Internet
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TABLE 1 Basic characteristics of the participants (n=2550).

Total number

Depressive symptoms

10.3389/fpsyt.2024.1494979

Variables
N (%) Yes No
Gender 52.16** 0.142**
Man 1223(47.96) 518(40.79) 705(55.08)
Woman 1327(52.04) 752(59.21) 575(44.92)
Age(year) 7.04 0.053
45-50 244(9.57) 107(8.43) 137(10.70)
51-60 790(30.98) 401(31.57) 389(30.39)
61-70 978(38.35) 475(37.40) 503(39.30)
>70 538(21.10) 287(22.60) 251(19.61)
Residence 46.92** 0.134**
Urban 588(23.06) 220(17.32) 368(28.75)
Rural 1962(76.94) 1050(82.68) 912(71.25)
Education 113.01%* 0.206**
Illiterate 487(19.10) 323(25.43) 164(12.81)
Primary school 1106(43.37) 583(45.91) 523(40.86)
Middle school 590(23.14) 233(18.35) 357(27.89)
High school 303(11.88) 113(8.90) 190(14.84)
College and above 64(2.51) 18(1.42) 46(3.59)
Marital status 18.84*% 0.086**
Married 2189(85.84) 1052(82.83) 1137(88.83)
Unmarried 361(14.16) 218(17.17) 143(11.17)
Sleep duration(h)® 142.09** 0.230**
<6 1046(41.02) 668(52.60) 378(29.53)
6-8 1309(51.33) 515(40.55) 794(62.03)
>8 195(7.65) 87(6.85) 108(8.44)
Tobacco use 23.11%* 0.095**
No 1480(58.04) 797(62.76) 683(53.36)
Yes 1070(41.96) 473(37.24) 597(46.64)
Alcohol use 28.53** 0.105**
No 1756(68.86) 937(73.78) 819(63.98)
Yes 794(31.14) 333(26.22) 461(36.02)
Physical activities 15.39** 0.077**
No 241(9.45) 149(11.73) 92(7.19)
Yes 2309(90.55) 1121(88.27) 1188(92.81)
Internet use 51.07** 0.140%*
No 2170(85.10) 1145(90.16) 1025(80.08)
Yes 380(14.90) 125(9.84) 255(19.92)
Type of devices 54.27** 0.144**
0 2170(85.10) 1145(90.16) 1025(80.08)
(Continued)
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TABLE 1 Continued

Total number

10.3389/fpsyt.2024.1494979

Depressive symptoms

Variables N (%) Yes No

1 294(11.53) 104(8.19) 190(14.84)

22 86(3.37) 21(1.65) 65(5.08)

Frequency of Internet use 51.07** 0.140**
Never 2170(85.10) 1145(90.16) 1025(80.08)

Not regularly 27(1.06) 9(0.71) 18(1.41)

Regularly 353(13.84) 116(9.13) 237(18.52)

N.B. Total percentages of some variables are not equal to 100 due to rounding.

“ actual hours of sleep participants got at night (average hours for one night) during the past month.

b coefficient of contingency
P <01

use on depression among the middle-aged and elderly adults with
multimorbidity. In this study, we produced three main findings.
Firstly, the prevalence of depression among middle-aged and
elderly adults with multimorbidity in China was particularly high,
and the proportion of Internet users was low. Secondly, Internet use
was generally associated with the lower likelihood of depression
after controlling for other confounding variables. Thirdly, Internet
use, type of devices and frequency of Internet use had a more
significant association with depression among men, compared
with women.

Referring to the overall middle-aged and elderly adults in
China, our target with multimorbidity had a much higher
prevalence of depressive symptoms (49.8% vs. 33.5%) (28).
Moreover, the prevalence of depressive symptoms in the aging
population significantly varied due to gender, and in which women
occupied a higher rate, which was in line with other researches (29).
As a consequence, the depressive symptoms in middle-aged and
elderly adults with multimorbidity must be identified and treated
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FIGURE 2

Mean CES-D-10 scores between types of devices by gender.
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promptly, especially for women who are more vulnerable to the risk
of depression.

The middle-aged and elderly adults with multimorbidity had a
relatively limited majority of Internet use. This result is similar with
previous findings (30, 31). Majority of those with multimorbidity
used the Internet at a regular frequency, which is inconsistent with
previous studies concentrating on the middle-aged and elderly
adults (17). Since middle-aged and elderly adults with
multimorbidity tend to seek more health-related information,
they use the Internet more frequently (32). With respect to the
frequency of Internet use and types of devices, men were more
active than women, and the number of using two types and more of
devices for the Internet among females was especially limited. This
is probably due to unequal gender division of labor, women were
more involved in household labor (33). Women are taking on more
hours of unpaid work than men, consisting mainly of household
chores and parenting (34). Consequently, women perform a relative
lack of spare time to use the Internet. According to several
researches, since different genders use the Internet for different
purposes, men are further vulnerable to problematic Internet use
(35). As a result, sensible use of the Internet is worth promoting.

Previous studies have examined the association between
Internet use and depression, and our finding is consistent with
the negative result (16, 31). We found that for the elderly with
multimorbidity, the Internet was inversely associated with
depression. Additionally, further analysis revealed that this
finding applies only to the group with two chronic diseases. In
the elderly, depression mainly affects those with chronic diseases
(36). Besides, for the middle-aged and elderly with multimorbidity,
groups with two chronic diseases are the most numerous (37).
Previous studies proposed two possible mechanisms by which
Internet use reduces depression. Firstly, Internet can offer health-
related information and more treatment options (38). People are
capable of seeking relevant health information via the Internet,
including prevention and management of depression (39). Also,
Internet enables older persons to detect and treat depressive
symptoms on time (40). Through mood tracking and clinical
symptoms monitoring, smartphone apps are helpful to reduce
depressive symptoms (41). Secondly, Internet could improve
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TABLE 2 Comparison of type and frequency of Internet use in men and women.

Total sample

Variables
N (%)
Internet use 9.54 .002
No 2170(85.10) 1013(82.83) 1157(87.19)
Yes 380(14.90) 210(17.17) 170(12.81)
Type of devices 16.15 <.001
0 2170(85.10) 1013(82.83) 1157(87.19)
1 294(11.53) 152(12.43) 142(10.70)
=2 86(3.37) 58(4.74) 28(2.11)
e 220 ooz
Never 2170(85.10) 1013(82.83) 1157(87.19)
Not regularly 27(1.06) 19(1.55) 8(0.60)
Regularly 353(13.84) 191(15.62) 162(12.21)

N.B. Total percentages of some variables are not equal to 100 due to rounding.

mental health by reducing social isolation. As one gets older, their
social networks usually become narrow (42). Internet compensates
for spatial barriers, enabling the seniors to reshape social
networks (43).

Regarding frequency of Internet use, our study displayed that
using the Internet regularly was associated with lower likelihood of
depression. This finding behaves incoherently with previous studies

concentrating on the youth, which indicates that more time spent
on the Internet was related to poorer mental health (44). This could
be because our target mostly had a limited frequency of Internet use,
compared with teenagers who used the Internet almost every day.
Moderate use of Internet may be worth taking into consideration.
However, older adults may be trapped in the digital divide and have
more technical barriers to Internet access (45). As society develops,

TABLE 3 Logistic regression results of the association between Internet use and depression (n=2550).

Model 1 Model 2

ORP (95%Cl)

Variables

OR? (95%Cl)

Model 3
ORP (95%ClI)

Model 4
ORP (95%Cl)

Model 5
ORP (95%Cl)

Model 6
ORP (95%Cl)

Internet use

No Ref. Ref.

Ref. Ref.

Yes 0.44*%(0.35,0.55) 0.66**(0.51,0.86)

0.62**(0.44,0.87) 0.71(0.47,1.08)

Type of devices

0 Ref. Ref. Ref.
1 0.69%(0.52,0.93) 0.62%(0.42,0.90) 0.77(0.50,1.20)
22 0.53%(0.31,0.92) 0.61(0.31,1.23) 0.45(0.18,1.12)

Frequency of Internet use

Never Ref. Ref. Ref.
Not regularly 0.54(0.23,1.24) 0.52(0.17,1.59) 0.57(0.16,2.06)
Regularly 0.67%%(0.51,0.89) 0.63%(0.44,0.90) 0.73(0.47,1.12)

Model 1-Model 4: Analysis for total sample;

Model 5: Analysis for the sample with two chronic diseases;

Model 6: Analysis for the sample with three or more chronic diseases;
% OR was unadjusted;

. ORs were adjusted for gender, age, residence, education, marital status, sleep duration, tobacco use, alcohol use, physical activities.

*: P <.05,
**: P <.01.
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TABLE 4 Gender differences in the association between Internet use and depression.

Men Women
Variable
OR (95%Cl) OR (95%Cl)
Internet use _’_ : _’_:_
Yes 0.58*%(0.40,0.85) . . ; 0.76(0.51,1.11) . ; .
No Ref. 0 5 1 Ref. 5 1 15
Type of devices —— : —.—:—
| |
1 0.57*%(0.38,0.86 N 0.82(0.55,1.23
( ) _‘—% ( ) _’_]I.
>2 0.62(0.33,1.18) : 0.36(0.12,1.05) :
0 Ref. 0 5 1 15 Ref. 0 5 1 15
Frequency of Internet use —_— 4 L
| |
| |
Not regularly 0.62(0.23,1.70) 0.44(0.10,1.92)
-+ —~+—
Regularly 0.58%(0.39,0.85) : 0.78(0.53,1.17) :
Never Ref. 0 5 1 15 2 Ref. 0 5 1 15 2

N.B. ORs were adjusted for age, residence, education, marital status, sleep duration, tobacco use, alcohol use, physical activities;

**: P<.01.

the aged might be more disadvantaged in mastering the essential
knowledge and skills than youthful ones (46). It is therefore
important for the government to give priority to the relatively
disadvantaged population, enhance the intelligence and
convenience of electronic devices, and further increase the
penetration of the Internet (47). As for types of devices, we found
that using one type of device or using two types and more of devices
for the Internet were both beneficial to reduce subclinical
depression. The verdict contradicts other studies revealing that no
association was found between types of devices to use the Internet
and depression (17). The reason could be that getting online is more
necessary for the population with restricted mobility. For a portion
of seniors with multimorbidity and restricted mobility, Internet
plays a more necessary role in enhancing social connection (43).
Additionally, compared with women, the results of this study
presented that Internet use was significantly associated with good
mental health for men. This finding contradicts previous studies

concentrating on the overall middle-aged and elderly adults, which
showed that Internet use is particularly effective for the mental
health of women (48). This finding highlights the specificity of the
population with multimorbidity. Differences in patterns of
multimorbidity between genders, and the association between
patterns of multimorbidity and depression also varies by gender
(49). Compared to women, men with more chronic diseases have
higher risk of depression (50). Hence, it is necessary to deepen the
reform to address the inequality across different genders and
concentrate on the chronic disease cohort.

Using nationally representative data, our study suggested a
cross-sectional association between Internet use and depression
among the middle-aged and elderly adults with multimorbidity, and
the results are reasonably well extrapolated and of high quality.
Despite the strengths of this study, some limitations also existed.
Firstly, this was a cross-sectional study, and we were not capable of
exploring the causal relationship between Internet use and

Education
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Gender

Tobacco use
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FIGURE 3
PSM balance test results.
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TABLE 5 PSM results of the effect of Internet use on depression.

10.3389/fpsyt.2024.1494979

Method Sample Treated Controls ATT T-stat
/ Unmatched 0.329 0.528 -0.199 -7.22
I}E;fs; matching Matched 0.329 0.425 ~0.096** 257
Radius matching Matched 0.329 0.455 —0.127%* -3.77
Kernel matching Matched 0.329 0.448 —0.119** -3.82

**: P<.01.

depression. Secondly, in the process of selecting control variables,
we did not cover all factors that affect depression, but only
considered the more influential ones. Then, we applied CES-D-10
to assess depression symptoms, but it cannot represent the reality of
depression diagnosis. In the future, we plan to conduct further
research through mechanistic exploration. Finally, we focused our
study population on the Internet-users. However, the majority of
middle-aged and older adults facing digital barriers nationwide
have not received enough attention, and we intend to explore this
group in more depth in future studies.

5 Conclusion

In accordance with our findings, there is a significantly negative
association between Internet use and depression in Chinese middle-
aged and elderly adults with multimorbidity, and this relationship
varies across different genders.

This suggests that Internet access may be crucial for easing
depressed symptoms in the older population, offering a guideline
for policymakers and relevant activists acting to focus on and
improve their mental health, especially for the population with
multimorbidity. Given the differences in multimorbidity patterns
and likelihood of developing subclinical depression between
different genders, specific strategies should be developed for
different population characteristics. This study may be helpful to
promote new prevention strategies and treatment options for late-
life depression, as well as a relatively lower risk of depression in
the elderly.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics
Review Committee of Peking University. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Frontiers in Psychiatry

Author contributions

JZ: Writing - original draft, Writing - review & editing,
Funding acquisition. YJ: Conceptualization, Data curation,
Writing - original draft. LH: Formal analysis, Methodology,
Writing - original draft. YZ: Investigation, Software, Writing —
review & editing. LL: Data curation, Writing — review & editing. KT:
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by the Humanities and Social Science Fund of the
Ministry of Education of China (grant 22YJCZH236).

Acknowledgments

We sincerely thank Peking University for providing CHARLS data,
as well as all individuals involved in data management and collecting.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material
The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.
1494979/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1494979/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1494979/full#supplementary-material
https://doi.org/10.3389/fpsyt.2024.1494979
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Zhang et al.

References

1. World Health Organization. Ageing and health (2022). Available online at:
https://www.who.int/zh/news-room/fact-sheets/detail/ageing-and-health (Accessed
April 22, 2024).

2. China National Bureau Of Statistics. Main data of the seventh national population
census (2021). Available online at: https://www.stats.gov.cn/sj/pcsj/rkpc/d7¢/202303/
P020230301403217959330.pdf (Accessed April 22, 2024).

3. Prince MJ, Wu F, Guo Y, Gutierrez RL, O’Donnell M, Sullivan R, et al. The burden
of disease in older people and implications for health policy and practice. Lancet. (2015)
385:549-62. doi: 10.1016/S0140-6736(14)61347-7

4. Tinetti ME, Fried TR, Boyd CM. Designing health care for the most common
chronic condition-multimorbidity. JAMA. (2012) 307:2493-4. doi: 10.1001/
jama.2012.5265

5. Beard JR, Officer A, de Carvalho IA, Sadana R, Pot AM, Michel JP, et al. The world
report on ageing and health: a policy framework for healthy ageing. Lancet. (2016)
387:2145-54. doi: 10.1016/S0140-6736(15)00516-4

6. van den Akker M, Buntinx F, Metsemakers JF, Roos S, Knottnerus JA.
Multimorbidity in general practice: prevalence, incidence, and determinants of co-
occurring chronic and recurrent diseases. J Clin Epidemiol. (1998) 51:367-75.
doi: 10.1016/s0895-4356(97)00306-5

7. Barnett R. Depression. Lancet. (2019) 393:2113. doi: 10.1016/S0140-6736(19)
31151-1

8. Harvey SB, Overland S, Hatch SL, Wessely S, Mykletun A, Hotopf M. Exercise and
the prevention of depression: results of the hunt cohort study. Am J Psychiatry. (2018)
175:28-36. doi: 10.1176/appi.ajp.2017.16111223

9. World Health Organization. Depression (2017). Available online at: https://www.
who.int/health-topics/depressiontab=tab_1 (Accessed April 22, 2024).

10. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et alGlobal,
regional, and national incidence, prevalence, and years lived with disability for 354
diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis
for the global burden of disease study 2017. Lancet. (2018) 392:1789-858. doi: 10.1016/
S0140-6736(18)32279-7

11. Ma Y, Xiang Q, Yan C, Liao H, Wang J. Relationship between chronic diseases
and depression: the mediating effect of pain. BMC Psychiatry. (2021) 21:436.
doi: 10.1186/s12888-021-03428-3

12. Ye B, Xie R, Mishra SR, Dai X, Chen H, Chen X, et al. Bidirectional association
between physical multimorbidity and subclinical depression in Chinese older adults:
findings from a prospective cohort study. J Affect Disord. (2022) 296:169-74.
doi: 10.1016/j.jad.2021.09.067

13. Read JR, Sharpe L, Modini M, Dear BF. Multimorbidity and depression: a
systematic review and meta-analysis. J Affect Disord. (2017) 221:36-46. doi: 10.1016/
1j2d.2017.06.009

14. Hesse BW, Greenberg AJ, Rutten LJ. The role of internet resources in clinical
oncology: promises and challenges. Nat Rev Clin Oncol. (2016) 13:767-76. doi: 10.1038/
nrclinonc.2016.78

15. China Internet Network Information Center. The 53th statistical report on
internet development in China (2024). Available online at: https://www.cnnic.net.cn/
NMediaFile/2024/0325/MAIN171135529661286 T53BEFNT.docx (Accessed April 22,
2024).

16. NanY, Xie Y, Hu Y. Internet use and depression among Chinese older adults: the
mediating effect of interpersonal relationship. Front Public Health. (2023) 11:1102773.
doi: 10.3389/fpubh.2023.1102773

17. Liao S, Zhou Y, Liu Y, Wang R. Variety, frequency, and type of internet use and
its association with risk of depression in middle- and older-aged Chinese: a cross-
sectional study. J Affect Disord. (2020) 273:280-90. doi: 10.1016/j.jad.2020.04.022

18. Ho RC, Zhang MW, Tsang TY, Toh AH, Pan F, Lu Y, et al. The association
between internet addiction and psychiatric co-morbidity: a meta-analysis. BMC
Psychiatry. (2014) 14:183. doi: 10.1186/1471-244X-14-183

19. Kraut R, Patterson M, Lundmark V, Kiesler S, Mukopadhyay T, Scherlis W.
Internet paradox. A social technology that reduces social involvement and
psychological well-being? Am Psychol. (1998) 53:1017-31. doi: 10.1037//0003-
066x.53.9.1017

20. Kouvonen A, Kemppainen T, Taipale S, Olakivi A, Wrede S, Kemppainen L.
Health and self-perceived barriers to internet use among older migrants: a population-
based study. BMC Public Health. (2022) 22:574. doi: 10.1186/512889-022-12874-x

21. Bangasser DA, Cuarenta A. Sex differences in anxiety and depression: circuits and
mechanisms. Nat Rev Neurosci. (2021) 22:674-84. doi: 10.1038/s41583-021-00513-0

22. Salk RH, Hyde ]S, Abramson LY. Gender differences in depression in
representative national samples: meta-analyses of diagnoses and symptoms. Psychol
Bull. (2017) 143:783-822. doi: 10.1037/bul0000102

23. Forlani C, Morri M, Ferrari B, Dalmonte E, Menchetti M, De Ronchi D, et al.
Prevalence and gender differences in late-life depression: a population-based study.
Am ] Geriatr Psychiatry. (2014) 22:370-80. doi: 10.1016/j.jagp.2012.08.015

Frontiers in Psychiatry

10.3389/fpsyt.2024.1494979

24. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China health and
retirement longitudinal study (charls). Int ] Epidemiol. (2014) 43:61-8. doi: 10.1093/ije/
dys203

25. Boey KW. Cross-validation of a short form of the ces-d in Chinese elderly. Int
Geriatr Psychiatry. (1999) 14:608-17. doi: 10.1002/(sici)1099-1166(199908)14:8<608::
aid-gps991>3.0.co;2-z

26. LiP, Zhang C, Gao S, Zhang Y, Liang X, Wang C, et al. Association between daily
internet use and incidence of chronic diseases among older adults: prospective cohort
study. ] Med Internet Res. (2023) 25:e46298. doi: 10.2196/46298

27. Luo F, Guo L, Thapa A, Yu B. Social isolation and depression onset among
middle-aged and older adults in China: moderating effects of education and gender
differences. J Affect Disord. (2021) 283:71-6. doi: 10.1016/j.jad.2021.01.022

28. Wen W, Zhang Y, Shi W, Li J. Association between internet use and physical
health, mental health, and subjective health in middle-aged and older adults: nationally
representative cross-sectional survey in China. ] Med Internet Res. (2023) 25:e40956.
doi: 10.2196/40956

29. Lin H, Jin M, Liu Q, Du Y, Fu J, Sun C, et al. Gender-specific prevalence and
influencing factors of depression in elderly in rural China: a cross-sectional study.
J Affect Disord. (2021) 288:99-106. doi: 10.1016/j.jad.2021.03.078

30. Hong YA, Zhou Z, Fang Y, Shi L. The digital divide and health disparities in
China: evidence from a national survey and policy implications. ] Med Internet Res.
(2017) 19:317. doi: 10.2196/jmir.7786

31. Cotten SR, Ford G, Ford S, Hale TM. Internet use and depression among retired
older adults in the United States: a longitudinal analysis. ] Gerontol B Psychol Sci Soc Sci.
(2014) 69:763-71. doi: 10.1093/geronb/gbu018

32. Mazloomdoost D, Kanter G, Chan RC, Deveaneau N, Wyman AM, Von Bargen
EGC, et al. Social networking and internet use among pelvic floor patients: a multicenter
survey. Am J Obstet Gynecol. (2016) 215:651-4. doi: 10.1016/j.ajog.2016.06.011

33. Harris EA, Gormezano AM, van Anders SM. Gender inequities in household
labor predict lower sexual desire in women partnered with men. Arch Sex Behav. (2022)
51:3847-70. doi: 10.1007/s10508-022-02397-2

34. Penning MJ, Wu Z. Caregiver stress and mental health: impact of caregiving
relationship and gender. Gerontologist. (2016) 56:1102-13. doi: 10.1093/geront/gnv038

35. Ren Z, Xia S, Sun J, Wang D, Du Y, Li N, et al. Internet use, cardiometabolic
multimorbidity, and death in older adults: a multi-cohort study spanning developing and
developed countries. Global Health. (2023) 19:81. doi: 10.1186/s12992-023-00984-z

36. Alexopoulos GS. Depression in the elderly. Lancet. (2005) 365:1961-70.
doi: 10.1016/S0140-6736(05)66665-2

37. Zhang Q, Han X, Zhao X, Wang Y. Multimorbidity patterns and associated
factors in older Chinese: results from the China health and retirement longitudinal
study. BMC Geriatr. (2022) 22:470. doi: 10.1186/s12877-022-03154-9

38. Hrynyschyn R, Dockweiler C. Effectiveness of smartphone-based cognitive
behavioral therapy among patients with major depression: systematic review of
health implications. JMIR Mhealth Uhealth. (2021) 9:¢24703. doi: 10.2196/24703

39. Mccarthy MJ, Wicker A, Roddy J, Remiker M, Roy I, Mccoy M, et al. Feasibility
and utility of mobile health interventions for depression and anxiety in rural
populations: a scoping review. Internet Interv. (2024) 35:100724. doi: 10.1016/
j.invent.2024.100724

40. Cuijpers P, Kleiboer A, Karyotaki E, Riper H. Internet and mobile interventions
for depression: opportunities and challenges. Depress Anxiety. (2017) 34:596-602.
doi: 10.1002/da.22641

41. Wu A, Scult MA, Barnes ED, Betancourt JA, Falk A, Gunning FM. Smartphone
apps for depression and anxiety: a systematic review and meta-analysis of techniques to
increase engagement. NPJ Digit Med. (2021) 4:20. doi: 10.1038/s41746-021-00386-8

42. Pilehvari A, You W, Lin X. Retirement’s impact on health: what role does social
network play? Eur ] Ageing. (2023) 20:14. doi: 10.1007/s10433-023-00759-w

43. Nowland R, Necka EA, Cacioppo JT. Loneliness and social internet use:
pathways to reconnection in a digital world? Perspect Psychol Sci. (2018) 13:70-87.
doi: 10.1177/1745691617713052

44. Plackett R, Sheringham J, Dykxhoorn J. The longitudinal impact of social media
use on uk adolescents’ mental health: longitudinal observational study. ] Med Internet
Res. (2023) 25:e43213. doi: 10.2196/43213

45. Cheshmehzangi A, Zou T, Su Z. The digital divide impacts on mental health
during the covid-19 pandemic. Brain Behav Immun. (2022) 101:211-3. doi: 10.1016/
j.bbi.2022.01.009

46. YaoY, Zhang H, Liu X, Liu X, Chu T, Zeng Y. Bridging the digital divide between
old and young people in China: challenges and opportunities. Lancet Healthy Longev.
(2021) 2:e125-6. doi: 10.1016/S2666-7568(21)00032-5

47. Schlomann A, Seifert A, Zank S, Woopen C, Rietz C. Use of information and
communication technology (ict) devices among the oldest-old: loneliness, anomie, and
autonomy. Innov Aging. (2020) 4:igz50. doi: 10.1093/geroni/igz050

frontiersin.org


https://www.who.int/zh/news-room/fact-sheets/detail/ageing-and-health
https://www.stats.gov.cn/sj/pcsj/rkpc/d7c/202303/P020230301403217959330.pdf
https://www.stats.gov.cn/sj/pcsj/rkpc/d7c/202303/P020230301403217959330.pdf
https://doi.org/10.1016/S0140-6736(14)61347-7
https://doi.org/10.1001/jama.2012.5265
https://doi.org/10.1001/jama.2012.5265
https://doi.org/10.1016/S0140-6736(15)00516-4
https://doi.org/10.1016/s0895-4356(97)00306-5
https://doi.org/10.1016/S0140-6736(19)31151-1
https://doi.org/10.1016/S0140-6736(19)31151-1
https://doi.org/10.1176/appi.ajp.2017.16111223
https://www.who.int/health-topics/depressiontab=tab_1
https://www.who.int/health-topics/depressiontab=tab_1
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1186/s12888-021-03428-3
https://doi.org/10.1016/j.jad.2021.09.067
https://doi.org/10.1016/j.jad.2017.06.009
https://doi.org/10.1016/j.jad.2017.06.009
https://doi.org/10.1038/nrclinonc.2016.78
https://doi.org/10.1038/nrclinonc.2016.78
https://www.cnnic.net.cn/NMediaFile/2024/0325/MAIN171135529661286T53BEFNT.docx
https://www.cnnic.net.cn/NMediaFile/2024/0325/MAIN171135529661286T53BEFNT.docx
https://doi.org/10.3389/fpubh.2023.1102773
https://doi.org/10.1016/j.jad.2020.04.022
https://doi.org/10.1186/1471-244X-14-183
https://doi.org/10.1037//0003-066x.53.9.1017
https://doi.org/10.1037//0003-066x.53.9.1017
https://doi.org/10.1186/s12889-022-12874-x
https://doi.org/10.1038/s41583-021-00513-0
https://doi.org/10.1037/bul0000102
https://doi.org/10.1016/j.jagp.2012.08.015
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1002/(sici)1099-1166(199908)14:8%3C608::aid-gps991%3E3.0.co;2-z
https://doi.org/10.1002/(sici)1099-1166(199908)14:8%3C608::aid-gps991%3E3.0.co;2-z
https://doi.org/10.2196/46298
https://doi.org/10.1016/j.jad.2021.01.022
https://doi.org/10.2196/40956
https://doi.org/10.1016/j.jad.2021.03.078
https://doi.org/10.2196/jmir.7786
https://doi.org/10.1093/geronb/gbu018
https://doi.org/10.1016/j.ajog.2016.06.011
https://doi.org/10.1007/s10508-022-02397-2
https://doi.org/10.1093/geront/gnv038
https://doi.org/10.1186/s12992-023-00984-z
https://doi.org/10.1016/S0140-6736(05)66665-2
https://doi.org/10.1186/s12877-022-03154-9
https://doi.org/10.2196/24703
https://doi.org/10.1016/j.invent.2024.100724
https://doi.org/10.1016/j.invent.2024.100724
https://doi.org/10.1002/da.22641
https://doi.org/10.1038/s41746-021-00386-8
https://doi.org/10.1007/s10433-023-00759-w
https://doi.org/10.1177/1745691617713052
https://doi.org/10.2196/43213
https://doi.org/10.1016/j.bbi.2022.01.009
https://doi.org/10.1016/j.bbi.2022.01.009
https://doi.org/10.1016/S2666-7568(21)00032-5
https://doi.org/10.1093/geroni/igz050
https://doi.org/10.3389/fpsyt.2024.1494979
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Zhang et al.

48. Guo H, Feng S, Liu Z. The temperature of internet: internet use and depression
of the elderly in China. Front Public Health. (2022) 10:1076007. doi: 10.3389/
fpubh.2022.1076007

49. Yao SS, Cao GY, Han L, Chen ZS, Huang ZT, Gong P, et al. Prevalence and
patterns of multimorbidity in a nationally representative sample of older Chinese:

Frontiers in Psychiatry

11

10.3389/fpsyt.2024.1494979

results from the China health and retirement longitudinal study. ] Gerontol A Biol Sci
Med Sci. (2020) 75:1974-80. doi: 10.1093/gerona/glz185

50. Hwang S, Nam JY, Ahn JH, Park S. Gender differences in the association between
multimorbidity and depression in older Korean adults: an analysis of data from the national survey
of older Koreans (2011-2017). Epidemiol Health. (2022) 44:¢2022049. doi: 10.4178/epih.e2022049

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1076007
https://doi.org/10.3389/fpubh.2022.1076007
https://doi.org/10.1093/gerona/glz185
https://doi.org/10.4178/epih.e2022049
https://doi.org/10.3389/fpsyt.2024.1494979
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Association between internet use and depression among the middle-aged and elderly adults with multimorbidity in China: do gender differences exist?
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Variables
	2.2.1 Independent variable
	2.2.2 Dependent variables
	2.2.3 Control variables

	2.3 Statistical analysis

	3 Results
	3.1 Characteristic of participants according to depressive symptoms
	3.2 Comparison of type and frequency of internet use between men and women
	3.3 Association between internet use and depression
	3.4 Robustness test

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


