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Summary

Background Internet exclusion and depressive symptoms are prevalent phenomena among older adults; however, the
association between internet exclusion and depressive symptoms remains limited. This study aims to investigate the
association between internet exclusion and depressive symptoms among older adults from high-income countries
(HICs) and low- and middle-income countries (LMICs).

Methods We conducted a comprehensive longitudinal, cross-cultural analysis, and the participants were adults aged
60 years and older from 32 countries participating in five nationally representative longitudinal cohort studies: the
Health and Retirement Study (HRS), the English Longitudinal Study of Ageing (ELSA), the Survey of Health,
Ageing and Retirement in Europe (SHARE), the China Health and Retirement Longitudinal Study (CHARLS),
and the Mexican Health and Ageing Study (MHAS). Internet exclusion was defined as the self-reported absence
from internet use. Depressive symptoms were evaluated using the Centre for Epidemiologic Studies of
Depression scale (CES-D) or the Euro-Depression scale (Euro-D). These five cohorts, being heterogeneous, were
respectively conducted with panel data analysis. Logistic regression, implemented within the generalized
estimating equations framework, was used to examine the association between internet exclusion and the
likelihood of experiencing depressive symptoms, adjusting for the causal-directed-acyclic-graph (DAG) minimal
sufficient adjustment set (MSAS), including gender, age, education, labour force status, household wealth level,
marital status, co-residence with children, residence status, cognitive impairment, and functional ability.

Findings Our study included a total of 129,847 older adults during the period from 2010 to 2020, with a median
follow-up of 5 (2, 7) years. The pooled proportion of internet exclusion was 46.0% in HRS, 32.6% in ELSA, 54.8% in
SHARE, 92.3% in CHARLS, and 65.3% in MHAS. Internet exclusion was significantly associated with depressive
symptoms across all cohort studies: HRS (OR = 1.13, 95% CI 1.07-1.20), ELSA (OR = 1.22, 95% CI 1.11-1.34),
SHARE (OR = 1.55, 95% CI 1.47-1.62), CHARLS (OR = 1.49, 95% CI 1.26-1.77), and MHAS (OR = 1.48, 95% CI
1.39-1.58). Moreover, internet exclusion was found to be associated with all dimensions of depression in the
SHARE, MHAS, and ELSA cohorts (except for sleep and felt sad) cohorts.

Interpretation A considerable proportion of older adults experienced internet exclusion, particularly those in LMICs.
Internet exclusion among older adults, irrespective of their geographic location in HICs or LMICs, was associated
with a higher likelihood of experiencing depressive symptoms, which demonstrated the importance of addressing
barriers to internet access and promoting active participation in the internet society among older adults.
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Research in context

Evidence before this study

We conducted a comprehensive search on PubMed and Web
of Science for English articles published from inception to
September 1, 2023, using the terms (internet exclusion OR
internet use OR internet access OR digital exclusion OR digital
inclusion OR digital divide) AND (depressive symptoms OR
depression) AND older adults. While this search yielded several
relevant studies, the association between internet exclusion
and depressive symptoms showed inconsistency. For example,
Zhang et al. conducted a cross-sectional study in China, which
indicated that internet use was associated with lower levels of
depression. However, Xie et al. found that internet use
increased the incidence of depressive symptoms among older
adults in China. Additionally, Elliot et al. conducted a cross-
sectional study in the United States and found no significant
association between the use of information and
communications technology and depressive symptoms. It is
important to note that most of the evidence provided in
these studies was limited to descriptive analyses using cross-
sectional data. There is a lack of research investigating the
association between internet exclusion and depressive
symptoms among older adults on a global scale, including
data from both low- and middle-income countries (LMICs)
and high-income countries (HICs). Furthermore, the individual
depressive symptoms may not be equivalent, and the
contribution of internet exclusion to each specific depressive
symptom remains unknown. Therefore, our study aims to

Introduction

The global population is undergoing a rapid and contin-
uous process of ageing. By the year 2030, it is projected
that approximately one-sixth of the world’s population
will be aged 60 years or older.! Older adults often face
challenges such as declining physical functioning and
transitioning social roles, which can contribute to the
development of negative emotions. Depressive symptoms
are common psychological symptoms among older
adults. A previous meta-analysis reported a substantial
global prevalence rate of 35.1% for depressive symptoms
among older adults.” Depressive symptoms were associ-
ated with various negative physical issues, including
sleep disruptions, coronary heart disease, inflammatory
responses, and physical pain.*” If not treated early, the
prolonged depressive states may worsen into a clinical
depression and serious consequences as self-harm.° It is
estimated that major depressive disorders will become
the largest contributor of the global disease burden by
2030.” Therefore, the prevention, recognition, and treat-
ment of depressive symptoms in older adults should be
emphasized as an immediate global priority.*

comprehensively examine the association between internet
exclusion and depressive symptoms among older adults,
incorporating data from both HICs and LMICs. Additionally,
we seek to investigate the association between internet
exclusion and each individual depressive symptom.

Added value of this study

The present study included five comparative cohort studies
(HRS, ELSA, SHARE, CHARLS, and MHAS), encompassing
129,847 participants from 32 countries, including both HICs
and LMICs. To the best of our knowledge, this study
represents the first longitudinal analysis examining the
association between internet exclusion and depressive
symptoms among older adults. Our results indicated a
considerable proportion of older adults experiencing internet
exclusion, particularly in LMICs. The key finding revealed a
significant association between internet exclusion and
depressive symptoms in both HICs and LMICs. Moreover,
internet exclusion was found to be associated with most
dimensions of depression.

Implications of all the available evidence

Experiencing internet exclusion poses a significant risk of
depressive symptoms among older adults. Therefore, the
implementation of internet inclusion strategies is crucial in
promoting healthy ageing and reducing the prevalence of
depressive symptoms among older populations.

The pace of internet development is comparable to
the rapid growth in the size of the older adults, and
there are 5.16 billion internet users worldwide in 2023,
accounting for 64.4% of the global population.” How-
ever, population ageing has also resulted in a substantial
number of internet excluded individuals. Internet
exclusion refers to the unequal access to and limited
capability of utilizing internet.'®"" According to reports,
individuals aged 60 and above constitute the main
demographic of non-internet users.”? Compared to
younger individuals, older adults are less likely
to actively engage with and utilize information and
communications technologies (ICTs)."”* The absence of
internet engagement also includes a range of valuable
online services, such as health information, internet
social events, and social networking or online shopping
opportunities.”” Previous research has shown that
internet exclusion is also associated with decreased
cognitive function, increased functional dependency,
and diminished social well-being among older
adults.""'*"*  Furthermore, internet exclusion may
contribute to feelings of loneliness, social isolation,
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insecurity, and a disconnection from the contemporary
world, thereby increasing the risk of depression among
older adults, particularly during the Corona Virus
Disease 2019 (COVID-19) pandemic.

However, the research examining the association
between internet exclusion and depressive symptoms
among older adults has yielded inconsistent findings.
While some studies suggest a possible positive or
negative association with depressive symptoms,'*'* other
research fails to establish a significant association.'>" It is
also important to note that previous studies have
predominantly used cross-sectional designs with limited
sample sizes, which restricts the generalization of their
findings. Additionally, due to the substantial variations in
digitization levels across countries, the association
between internet exclusion and depressive symptoms
may differ between low- and middle-income countries
(LMICs) and high-income countries (HICs), necessi-
tating the exploration of databases encompassing
multiple countries worldwide. Moreover, it remains
unclear whether the association between internet exclu-
sion and depressive symptoms varies across different
groups characterized by confounding factors, and which
sub-populations are more susceptible to the influence of
internet exclusion on depressive symptoms. Finally, in
epidemiological research, most measures of depression
are based on the threshold scores of scales to categorize
individuals as either healthy or depressed. This approach
assumes that depression is a single condition and all
symptoms are equally good severity indicators.” Howev-
er, evidence to substantiate this assumption is insuffi-
cient, as different depressive symptoms may have distinct
underlying biological mechanisms, varying impacts on
impairment, and diverse risk factors.”® Therefore, it is
essential to investigate the association between internet
exclusion and each specific depressive symptom to gain a
more comprehensive understanding.

To address these research gaps, we conducted a
comprehensive longitudinal, cross-cultural analysis us-
ing data from five large comparative cohort studies
conducted between 2010 and 2020 across 32 countries,
including both LMICs and HICs, spanning three con-
tinents: North America, Europe, and Asia. Our primary
hypothesis was that internet exclusion would be asso-
ciated with increased likelihood of depressive symptoms
among older adults. Additionally, we explored the as-
sociation between internet exclusion and specific items
of depressive symptoms. Furthermore, we conducted
subgroup analyses to identify particular subpopulations
that may be more susceptible to the association of
internet exclusion with depressive symptoms.

Methods

Study design and data sources

Data were collected from five international ageing co-
horts: the Health and Retirement Study (HRS),” the
English Longitudinal Study of Ageing (ELSA),* the
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Survey of Health, Ageing and Retirement in Europe
(SHARE),” the China Health and Retirement Longitu-
dinal Study (CHARLS),* and the Mexican Health and
Ageing Study (MHAS).” All five cohort studies provide
information on internet exclusion and depressive symp-
toms among individuals aged 60 and above. In this study,
we utilized data spanning from 2010 to 2020. Within this
time frame, we excluded the ELSA 2010 survey and
SHARE 2010 survey due to the absence of questions
pertaining to internet exclusion. The final waves included
for each study were as follows: 2010-2020 for HRS,
2012-2019 for ELSA, 2013-2020 for SHARE, 2011-2020
for CHARLS, and 2012-2018 for MHAS.

Subsequently, we excluded participants below the age
of 60 and those with missing data regarding internet
exclusion, depressive symptoms, and covariates. As a
result, our final analytical sample comprised 18,619 par-
ticipants with 60,291 observations from HRS, 8726 par-
ticipants with 24,185 observations from ELSA, 76,255
participants with 146,029 observations from SHARE,
13,556 participants with 41,290 observations from
CHARLS, and 12,691 participants with 27,729 observa-
tions from MHAS (Supplementary Fig. S1). The
response rates was 77.0% in HRS, 83.9% in ELSA, 96.6%
in SHARE, 87.6% in CHARLS, and 90.5% in MHAS.

Measures

The measurements of exposure (internet exclusion),
outcome (depressive symptoms), and covariates (de-
mographics, socio-economic positions, living arrange-
ments, lifestyles, presence of chronic diseases, cognitive
impairment, and functional ability) were respectively
assessed across all five cohorts at each wave survey.

Internet exclusion

Internet exclusion was determined as a binary variable,
categorized as “yes” or “no” based on the following
question: “Do you regularly use the Internet (or the
World Wide Web) for sending and receiving e-mail or
for any other purpose, such as making purchases,
searching for information, or making travel reserva-
tions?” in HRS, “In the last 7 days, have you used the
Internet at least once for e-mailing, searching for
information, making purchases, or for any other
purpose?” in SHARE, “Have you used the Internet in
the past month?” in CHARLS, and “Do you have
Internet access at home?” in MHAS. In ELSA, internet
exclusion was assessed using the question: “On average,
how often do you use the Internet or email?”, and par-
ticipants could choose from the following options:
“every day”, “at least once a week”, “at least once a
month”, “at least once every 3 months”, “less than every
3 months”, and “never”. The response “no” (in HRS,
SHARE, CHARLS, and MHAS) or a frequency of less
than once a week (in SHARE) was classified as internet
exclusion, while the response “yes” or a frequency of at
least once a week was considered as internet inclusion."
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Depressive symptoms

Both the Centre for Epidemiologic Studies of Depres-
sion scale (CES-D) and Euro-Depression scale (Euro-D)
were self-administrated scales used to measure depres-
sive symptoms.*** Depressive symptoms were assessed
using the CES-D scale in HRS (CESD-8), ELSA (CESD-
8), CHARLS (CESD-10), and MHAS (CESD-9), and the
Euro-D scale in SHARE.>* The total scores for these
scales ranged from 0 to 8, 0 to 8, 0 to 30, 0 to 12, and 0 to
9, respectively. Depressive symptoms were identified by
scores equal to or above predefined cutoff values: 10 for
CHARLS, 3 for HRS, 3 for ELSA, 4 for SHARE, and
5 for MHAS.>** Each item on the CES-D and Euro-D
scales was dichotomously categorized, with “yes”
denoting the presence of pertinent negative emotions
and “no” indicating their absence.

Covariates

Demographic factors (age and gender), socio-economic
indicators (education level, labor force status, and
household wealth level), living arrangements (marital
status, residential status, and co-residence with chil-
dren), lifestyle factors (smoking, drinking, and physical
activity), presence of chronic physical diseases, cognitive
impairment, and functional ability were selected as
covariates based on prior research findings. Additional
details regarding the covariates can be found in the
Supplementary materials.

Statistical analysis

The idea of this study was conceived in August 2023, and
the final data acquisition and analysis were conducted in
April 2024. We performed statistical descriptions and
analyses for each of the five cohorts. For continuous
variables, the means and standard deviations were
calculated, while for categorical variables, the numbers
and percentages were calculated. Missing data for items
were assumed to be missing at random and imputed
using the expectation maximization algorithm.*

To account for the intercorrelation among repeated
measures within each cohort, we utilized Generalized
Estimating Equations (GEE) models. With the panel
data approach, random-effects logistic regression
models, implemented within the GEE framework, were
used to examine the associations between internet
exclusion and the likelihood of experiencing depressive
symptoms by estimating the odds ratio (OR) and its
corresponding 95% confidence interval (CI). A minimal
sufficient adjustment set (MSAS) was selected as priori
potential confounders using a causal directed acyclic
graph (DAG) (Supplementary Fig. S2). The MSAS
included gender, age, socio-economic positions (educa-
tion, labour force status, and household wealth level),
marital status, co-residence with children, residence
status, cognitive impairment, and difficulty in basic
activities of daily living (BADL) and instrumental activ-
ities of daily living (IADL). Four models were fitted:

Model 1 with no covariates adjusted, Model 2 with age
and gender adjusted, Model 3 with MSAS adjusted, and
Model 4 with all covariates adjusted. Furthermore, we
examined the association between internet exclusion
and performance on each item of depressive symptoms
in all five cohorts, using a consistent MSAS-controlled
model. Subgroup analyses were further conducted to
evaluate whether these associations varied across
different population groups, using the aforementioned
GEE regression analyses, adjusted for the MSAS with
the stratification variable removed.

Several sensitivity analyses were conducted. Firstly,
we repeated the GEE analyses by fitting a logistic
regression model solely in the participants who were free
of depressive symptoms at baseline and attended more
than one follow-up visit. Secondly, to mitigate recall bias,
we conducted analyses excluding participants with severe
cognitive impairment at baseline to assess the associa-
tions between internet exclusion and depressive symp-
toms. Thirdly, to account for the substantial impact of the
COVID-19 pandemic on the mental health of older
adults, we conducted a further sensitivity analysis by
excluding survey data collected during the COVID-19
pandemic. Finally, in order to provide a more compre-
hensive understanding of any potential biases inherent in
each dataset, we conducted sensitivity analysis based on
cross-sectional studies at each wave to thoroughly inves-
tigate the association between internet exclusion and
depressive symptoms. Statistical analyses were per-
formed using Stata statistical software version 15.0 and R
statistical software version 4.0.2. A two-sided P value less
than 0.05 was considered statistically significant.

Ethics statement

In this study, de-identified data from five publicly available
databases (HRS, ELSA, SHARE, CHARLS, and MHAS)
were used. The ethical approval was approved by the
original surveys, and no additional ethical approval was
required for the present study. The informed consents
were obtained from all participants by the original surveys.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

Results

Characteristics between observations included and
excluded based on panel data during 2010 and 2020
were shown in Supplementary Table S1. The number of
missing data among observations included on panel
data analysis was shown in Supplementary Table S2.
The characteristics of the first wave surveys in the five
cohort studies were shown in Supplementary Table S3.
The characteristics of included observations in the five
cohort studies were presented in Table 1. The average
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Characteristics HRS ELSA SHARE CHARLS MHAS
N (%) N (%) N (%) N (%) N (%)
Total 60,291 24,185 146,029 41,290 27,729
Age(ys), Mean(SD), Median (Q1-Q3) 717 (8.3), 71 (65-78) 71.0 (7.6), 70 (65-76) 71.6 (8.0), 70 (65-77) 68.1 (6.4), 67 (63-72) 70.6 (7.6), 69 (65-76)
60-69 27,080 (44.9) 11,820 (48.9) 67,448 (46.2) 26,622 (64.5) 14,051 (50.7)
70-79 21,630 (35.9) 8576 (35.4) 51,910 (35.6) 12,000 (29.1) 9814 (35.4)
80 and older 11,581 (19.2) 3789 (15.7) 26,671 (18.2) 2668 (6.4) 3864 (13.9)
Gender
Male 25,347 (42.0) 11,005 (45.5) 64,952 (44.5) 20,592 (49.9) 12,367 (44.6)
Female 34,944 (58.0) 13,180 (54.5) 81,077 (55.5) 20,698 (50.1) 15,362 (55.4)
Education

Primary school and below
Secondary school
College and above
Marital status
Married and partnered
Unmarried and others
Labour force status
Not working
Working
Household wealth®
Group 1 (most deprived)
Group 2
Group 3
Group 4 (most affluent)
Co-residence with children”
No
Yes
Residence status®
Urban
Rural
Smoking status
Never
Former
Current
Drinking frequency
No
Yes
Physical activity
Inactive
Moderate
Inactive and moderate
Vigorous
Number of comorbidities
None
One
Two and above
Cognitive impairment*
No
Yes
Difficulty in BADL
No
Yes
Diffificulty in IADL
No

9644 (16.0)
35,601 (59.0)
15,046 (25.0)

37,134 (61.6)
23,157 (38.4)

43,433 (72.0)
16,858 (28.0)

14,574 (24.2)
14,151 (23.5)
15,497 (25.7)
16,069 (26.6)

39,075 (77.4)
11,415 (22.6)

43,581 (72.3)
16,710 (27.7)

26,566 (44.0)
27,650 (45.9)
6075 (10.1)

27,182 (45.1)
33,109 (54.9)

19,086 (31.7)
20,260 (33.6)

20,945 (34.7)
5609 (9.3)

12,969 (21.5)
41,713 (69.2)

39,430 (96.4)
1458 (3.6)

50,073 (83.1)
10,218 (16.9)

47,294 (78.4)

6567 (27.2)
12,823 (53.0)
4795 (19.8)

16,924 (70.0)
7261 (30.0)

19,320 (79.9)
4865 (20.1)

5948 (24.6)
5551 (23.0)
6418 (26.5)
6268 (25.9)

20,102 (83.1)
4083 (16.9)

8753 (36.2)
13,375 (55.3)
2057 (8.5)

3361 (13.9)
20,824 (86.1)

5656 (23.4)
11,636 (48.1)

6893 (28.5)
3546 (14.7)
6220 (25.7)

14,419 (59.6)

23,491 (97.1)
694 (2.9)

20,033 (82.8)
4152 (17.2)

19,349 (80.0)

61,873 (42.4)
53,032 (36.3)
31,124 (21.3)

104,155 (71.3)
41,874 (287)

118,024 (80.8)
28,005 (19.2)

36,824 (25.2)
35,535 (24.3)
36,979 (25.3)
36,691 (25.2)

122,935 (84.2)
23,094 (15.8)

98,958 (67.8)
47,071 (322)

84,352 (57.8)
41,638 (28.5)
20,039 (13.7)

73,690 (50.5)
72,339 (49.5)

27,591 (18.9)
55,410 (37.9)

63,028 (43.2)
7989 (5.5)
25,433 (17.4)

112,607 (77.1)

142,372 (97.5)
3657 (2.5)

127,451 (87.3)
18,578 (12.7)

116,672 (79.9)

37,876 (91.7)
2719 (6.6)
695 (1.7)

32,797 (79.4)
8493 (20.6)

19,954 (48.3)
21,336 (517)

8175 (25.6)
7590 (23.8)
8217 (25.7)
7968 (24.9)

22,488 (54.5)
18,802 (45.5)

15,683 (38.0)
25,607 (62.0)

22,497 (54.5)
8480 (20.5)
10,313 (25.0)

23,583 (57.1)
17,707 (42.9)

16,905 (40.9)
12,695 (30.8)

11,690 (28.3)
7009 (17.0)
9802 (237)
24,479 (59.3)

38,464 (93.2)
2826 (6.8)

32,691 (79.2)
8599 (20.8)

27,997 (67.8)

24,633 (88.8)
706 (2.6)
2390 (8.6)

17,687 (63.8)
10,042 (36.2)

19,604 (70.7)
8125 (29.3)

6914 (24.9)
6550 (23.6)
7172 (25.9)
7093 (25.6)

7981 (28.8)
19,748 (71.2)

19,668 (70.9)
8061 (29.1)

16,905 (61.0)
8036 (29.0)
2788 (10.1)

21,599 (77.9)
6130 (22.1)

18,633 (67.2)
9096 (32.8)

5703 (20.6)
8791 (31.7)
13,235 (47.7)

26,109 (94.2)
1620 (5.8)

21,826 (78.7)
5903 (21.3)

23,625 (85.2)

(Table 1 continues on next page)
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HRS

ELSA

SHARE CHARLS MHAS
N (%) N (%) N (%) N (%) N (%)
(Continued from previous page)
Yes 12,997 (21.6) 4836 (20.0) 29,357 (20.1) 13,293 (32.2) 4104 (14.8)
Internet exclusion
No 32,544 (54.0) 16,288 (67.4) 66,003 (45.2) 3169 (7.7) 9614 (34.7)
Yes 27,747 (46.0) 7897 (32.6) 80,026 (54.8) 38,121 (92.3) 18,115 (65.3)
Depression
No 48,566 (80.5) 19,870 (82.2) 129,875 (88.9) 25,710 (62.3) 18,754 (67.6)
Yes

11,725 (19.5)

4315 (17.8)

16,154 (11.1) 15,580 (37.7)

8975 (324)

The unit of analysis is at the observation level rather than the individual level. BADL: basic activities of daily living; CHARLS: China Health and Retirement Longitudinal Study; ELSA: English Longitudinal
Study of Ageing; HRS: Health and Retirement Study; IADL: instrumental activities of daily living; MHAS: Mexican Health and Ageing Study; SHARE: Survey of Health, Ageing and Retirement in Europe. *For
CHARLS, the question on household wealth was unavailable in W5 (n = 9340). "The question on co-residence with children was unavailable in HRS W15 (n = 9801). For ELSA, the question on residence
status was unavailable. “For HRS, the question on cognitive impairment was unavailable in both W14 (n = 9602) and W15 (n = 9801).

Table 1: Descriptive statistics in HRS, ELSA, SHARE, CHARLS and MHAS based on panel data analysis during 2010 and 2020.

age of participants in HRS, ELSA, SHARE, CHARLS,
and MHAS were 71.7, 71.0, 71.6, 68.1, and 70.6 years,
respectively. The proportion of males in HRS, ELSA,
SHARE, CHARLS, and MHAS were 42.0%, 45.5%,
44.5%, 49.9% and 44.6%, respectively (Table 1). The
proportion of internet exclusion among older adults
varied widely across countries, ranging from 21.9% in
Denmark (SHARE) to 92.3% in China (CHARLS). The
pooled proportion of depressive symptoms was 46.0% in
HRS, 32.6% in ELSA, 54.8% in SHARE, and 65.3% in
MHAS. Additionally, the proportion of depressive

e,

Depesive symploms P = 0001

o
2020200 w203 20018 aoi6017
Sveydoe ()

o

e

symptoms among older adults also displayed variation
across countries, with rates ranging from 3.8% in Swi-
zerland (SHARE) to 37.7% in China (CHARLS) (Fig. 1).
The overall proportion of depressive symptoms was
19.5% in HRS, 17.8% in ELSA, 11.1% in SHARE, and
32.4% in MHAS (Table 1).

Fig. 2 illustrates the association between internet
exclusion and depressive symptoms. In the crude model
(Model 1), internet exclusion was found to be signifi-
cantly associated with depressive symptoms in all cohort
studies and countries, except for older adults in Finland

Itenetexclsion Pt <0001
Deecsive sympioms s <0001

£ 200772008
Suvey e )

Councy

I [rmp—
Depressiv symptoms.

AR M AR AV ARSIV AR SR A R AR AR AR A A AL SR AR A A

Fig. 1: Proportion of internet exclusion and depressive symptoms. Note: The images A, B, C, D and E illustrate the proportions of internet
exclusion and depressive symptoms by survey year in the following studies: HRS (Health and Retirement Study), ELSA (English Longitudinal
Study of Ageing), SHARE (Survey of Health, Ageing and Retirement in Europe), CHARLS (China Health and Retirement Longitudinal Study), and
MHAS (Mexican Health and Ageing Study), respectively. Additionally, image F presents the proportions of internet exclusion and depressive
symptoms categorized by country. Chi-square test for trend was used to compare the trends in internet exclusion and depressive symptoms

across different survey waves.
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Characteristics Country Modell OR (95% CI) Model2 OR (95% CI) Model3 OR (95% CI) Model4 OR (95% CI)
HRS United States ] 1.69 (161, 1.77) ] 171 (1.63, 1.80) ] 113 (1.07, 1.20) ] 1.10 (1.04, 1.16)
ELSA England Lom 1.92(1.77,,2.08) - 1.74 (160, 1.90) i 122 (1.1, 1.34) i 1.16 (105, 1.27)
SHARE 28 countries ; ] 293 (281 ,3.06) ! ] 251 (240, 2.62) Com 1.55 (147, 1.62) ] 1.43 (136, 1.50)
Austria : e 249 (2.00 , 3.10) Lo 1.92 (1.54, 2.40) = 1.46 (1.14, 1.87) o 1.23(0.95, 1.59)
Germany LoHH 178 (1.48 , 2.14) Db 1.65 (136 , 2.00) - 1.24 (101, 1.53) - 1.16 (0.94 , 1.43)
Sweden I 214 (175, 2.60) o 1.82 (1.45,2.28) - 1.36 (1.06, 1.73) - 1.28 (0.9 , 1.65)
Netherlands -— 279 2.1, 3.68) ] 273 (1.97,3.79) [ 2,03 (142, 2.90) - 178 (1.23, 2.58)
Spain HH 2.80 (239, 3.29) " 223 (1.87,2.65) Do 1.62 (1.34,, 1.95) - 1.37 (112, 1.66)
Italy 1. 261 (2.23,3.05) - 2.13 (181, 2.51) s 1.62 (135, 1.94) | 1.40 (117, 1.69)
France - 212 (183, 245) Lo 1.85 (1,58, 2.17) | 1.40 (118, 1.68) ] 133 (111, 1.59)
Denmark . 2.55 (1.9, 3.26) S 221 (169, 2.88) - 1.40 (105 , 1.88) . 127 (094, 1.72)
Greece = 2.94 (237, 3.65) L 2.24 (176 , 2.84) . 1.81 (1.40, 2.34) - 1.61 (1.25 , 2.09)
Switzerland [ 2.49 (1.89 ,3.27) . 2.19(1.62 , 2.97) e 1.66 (1.20 , 2.29) - 1.44 (1.03 , 2.02)
Belgium [ 1.81 (1.57,, 2.08) [ 1.72 (1.48 , 2.01) i 1.26 (1.06 , 1.49) - 1.15 (0.97 , 1.36)
Israel - 2.90(2.36, 3.56) HH 249 (2.02, 3.08) Fl==t 152 (1.19,1.93) (= ! 1.29 (1.00, 1.65)
Czech Republic HH 241 (2.04,2.86) HH 2.11 (177, 2.51) e 1.54 (126, 1.87) = 1.38 (113, 1.69)
Poland . 230(1.79 , 2.97) - 1.87 (1.4, 2.44) e 136 (1,01, 1.83) e 133 (0.97, 1.81)
Luxembourg e 2.08 (1.56,2.78) . 1.90 (1.39, 2.60) - 124(0.88,1.75)  +m— 1.17 (082, 1.65)
Hungary = 446 (247, 8.05) —=—  334(181,6.18) - 161 (145,1.80)  +——=—— 1.66 (0.81 , 3.41)
Portugal - 263 (239, 291) —a— 2.46 (158, 3.82) Lo 159 (142, 1.77) —a— 0.96 (0.56 , 1.66)
Slovenia . 340 (2.69 , 4.30) - 221(1.99,2.44) o 158 (1.42,, 1.77) Y 1.45 (129, 1.62)
Estonia el 258 (2.32,2.88) - 225 (2.01,2.52) Lo 1.62 (143, 1.83) Y 1.48 (130, 1.68)
Croatia 3 2.83(239,3.35) - 251 (2.11,2.99) Do 1.79 (148, 2.16) L 1.55 (127, 1.89)
Lithuania o 1.97 (1.38 , 2.81) . 192(130,284)  +——m—i 127(0.81,1.98) +—m— 1.13 (0.71, 1.80)
Bulgaria ——=— 5.53(2.36, 8.07) ———=—1 501 (176, 7.24) | —=——13.52(1.76, 6.85) D=1 386(1.19,6.48)
Cyprus - 272 (2,15, 3.46) - 252(1.97.3.22) Lo 1.80 (1.36 , 2.36) - 1.53 (115, 2.05)
Finland I 1.64 (0.96 , 2.77) S 204 (1.14,365)  ——a— 150 (0.77,2.92)  +——m——1 140 (0.71,2.77)
Latvia > 427 (224, 8.13) L =397 (203,7.78) | e 3.07(149,635) L1 273(129,5.78)
Malta - 136 (078 ,2.38)  +——=— 127(0.71,227) +——m— 1.13(0.59,2.16) ——=&—— 1.08 (0.55, 2.11)
Romania ——=—— 3.85(2.04,7.27) | —a——  321(1.67,6.18) L —a—— 238(1.19,4.76) ——a——  238(1.18,481)
Slovakia a1 2.63(1.27,545) i — 176 (0.80 , 3.87) «——m——— 1.12 (0.49 , 2.59) «—%——— 0.97 (0.37 , 2.53)
CHARLS China - 1.39 (1.29 , 1.50) i 1.36 (1.26 , 1.47) e 2 1.49 (1.26, 1.77) G 1.55(1.30, 1.83)
MHAS Mexico L 1.69 (1.60 , 1.79) Com 1.70 (1.60 , 1.80) L 1.48 (1.39, 1.58) L 1.50 (1.40 , 1.60)
05 1 2 45678 05 1 2 45678 05 1 2 4567 05 1 2 4567

Fig. 2: Association between internet exclusion and depressive symptoms, based on panel data analysis during 2010 and 2020. Note: CHARLS:
China Health and Retirement Longitudinal Study; ELSA: English Longitudinal Study of Ageing; HRS: Health and Retirement Study; MHAS:
Mexican Health and Ageing Study; OR: odd ratio; SHARE: Survey of Health, Ageing and Retirement in Europe. The 28 countries in SHARE
include Austria, Germany, Sweden, Netherlands, Spain, Italy, France, Denmark, Greece, Switzerland, Belgium, Israel, Czech Republic, Poland,
Luxembourg, Hungary, Portugal, Slovenia, Estonia, Croatia, Lithuania, Bulgaria, Cyprus, Finland, Latvia, Malta, Romania, and Slovakia. Model 1
was crude model. Model 2 was adjusted for gender and age. Model 3 was adjusted for the minimal sufficient adjustment set (MSAS) identified
using a causal directed acyclic graph (DAG) including further adjusted for education, marital status, labour force status, household wealth,
co-residence with children, residence status, cognitive impairment, difficulty in basic activities of daily living (BADL) and difficulty in instru-
mental activities of daily living (IADL) based on Model 2. Model 4 was further adjusted for smoking, drinking, physical activity and number of

comorbidities based on Model 3.

and Malta. After adjusting for MSAS (Model 3), these
associations remained statistically significant in HRS
(OR = 1.13, 95% CI 1.07-1.20), ELSA (OR = 1.22, 95%
CI 1.11-1.34), SHARE (OR = 1.55, 95% CI 1.47-1.62),
CHARLS (OR = 1.49, 95% CI 1.26-1.77), and MHAS
(OR = 1.48, 95% CI 1.39-1.58). Furthermore, these as-
sociations remained significant in the fully adjusted
model (Model 4) for all five cohort studies.

To assess the heterogeneity of internet exclusion on
depressive symptoms, Fig. 3 illustrates the association
between internet exclusion and depressive symptoms
across various subpopulations. Subgroup analyses
revealed that these associations remained significant in
adults younger than 80 years, those currently not
working, individuals in the most deprived household
wealth group, individuals with primary school education
or below, and those without any difficulty in performing
BADL and IADL.

Internet exclusion were associated with all di-
mensions of depression in SHARE, MHAS, and ELSA
(except for sleep and felt sad) cohorts (Tables 2-3). Two
symptoms of CES-D, namely “everything is an effort”
and “feeling lonely”, were significantly associated with
internet exclusion in HRS, ELSA, and MHAS. The item
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“could not get going” showed significant associations
with internet exclusion in HRS, ELSA, and CHARLS.

In the follow-up cohort study, the risk of depressive
symptoms was higher in individuals who were excluded
from the internet compared to their counterparts in
SHARE and MHAS when we excluded older adults with
depressive symptoms at baseline (Supplementary
Table S4). Additionally, internet exclusion was signifi-
cantly associated with the item “everything is an effort”
in HRS, ELSA, CHARLS, and MHAS (Supplementary
Table S5).

After excluding participants with severe cognitive
impairment at baseline, internet exclusion were still
significantly associated with depressive symptoms in all
the five cohort studies (Supplementary Table S4). Two
symptoms of the CES-D scale, namely “everything is an
effort”™ and “did not feel happy”, were significantly
associated with internet exclusion in HRS, ELSA,
CHARLS, and MHAS (Supplementary Table S6).
Additionally, all specific depressive symptoms of the
Euro-D scale were associated with internet exclusion in
SHARE when participants with severe cognitive
impairment at baseline were excluded (Supplementary
Table S7).
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Characteristics HRS OR (95%CI) ELSA OR (95%CI) SHARE OR (95%CI) CHARLS OR (95%CI) MHAS OR (95%CI)
Age(ys) : ;

60-69 et 1.16 (1.07, 1.26) ! 126 (1,09, 1.46) 146 (1.36,1.56) it 144.(1.20, 1.75) Fe 143 (131, 1.57)

7079 e 120 (1,09, 1.31) D 132 (115, 1.52) 165(152,1.79)  —e—i 185 (121, 2.84) e 158 (142, 1.77)

80 and older e 103(092,1.17)  He—t 1.07(0.87,1.32) 174 (1.51,2.02) ———— 104031, 3.47) ——i 166 (1.39, 1.99)
Gender i |

Male e 1.12(1.02,123) e 122(1.05, 1.43) 162(149,177) ik 150 (1.20, 1.88) et 147 (131, 1.64)

Female fhed 114107, 1.22) i 120 (1,07, 1.35) 150(141,1.59) it 146 (1.12, 1.89) r 148 (137, 1.61)
Education ' H

Primary school and below e LI18 (101, 1.37) ] 124 (108, 1.44) 164(152,177) it 148(1.20, 1.83) 1o 149 (139, 1.59)

Secondary school ! 1.14 (106, 1.21) ot 115 (101, 1.31) 149 (137,160) e 152(1.07,2.16)  +H—e——t 124 (080, 1.92)

College and above e 1.05 (091, 1.22) T 152(110,212) 144(127,1.64)  He— 1.18 (066 ,2.11) —— 1.64(1.23,2.19)
Marital status : :

Married and partnered S 118 (110, 1.28) S 126 (112, 1.42) 155(146,164) i+ 139 (116, 1.67) re 147 (135, 1.60)

Unmarried and others ot 1.09 (101, 1.18) o 113 (098 , 1.30) 154(142,168) | —+—i 2,04 (127,3.29) e 152 (137, 1.68)
Labour force status : '

Not working e 1.13 (1,06, 1.20) oS 124 (112, 137) 154 (146, 1.62) 154(1.25,1.89) - 153 (142, 1.65)

Working et 115(102,1.30)  Fe—i 1.08 (0.80 , 1.46) 160(140,1.82) ke 138 (1.02, 1.88) e 142(1.24,1.62)
Household wealth : !

Group 1 (most deprived) et 113 (103, 1.24) et 124 (1.07, 1.44) 1.62 (148, 1.77) —— 2.13(1.44,3.13) et 1.61(1.42, 1.82)

Group 2 . 112(1.01, 1.24) i 126 (1,05, 1.52) 151(1.38,1.65)  +H-e—rt 149 (0.73 , 3.05) —.— 167 (1.4, 1.94)

Group 3 o 111(099,124)  Ha— 1.04(0.85, 1.28) 158 (144, 1.74) ke 130 (091, 1.86) e 148 (131, 1.68)

Group 4 (most affluent) —— 114(100,129)  H—i 1.17 (092, 1.50) 155(1.38,1.73) et 139(1.08, 1.79) — 153 (1.35, 1.74)
Co-residence with children ; :

No L 118 (110, 1.27) red 122(1.10, 1.35) 158(150,167) ik 154(124,191) | e 169 (148, 1.93)

Yes et 1.13(1.00, 1.27) i 131 (1.04, 1.65) 138 (122, 1.55) ot 146 (1.09, 1.04) Lok 145134, 1.56)
Residence status : : :

Urban e 115 (107, 1.22) : 156 (147,1.65)  ired 148 (121, 1.80) i 147 (137, 1.58)

Rural E—O—( 1.10(0.99, 1.22) E 1.52(1.39, 1.67) }—0—1 1.44 (1.02,2.02) e 1.60 (1.36 , 1.89)
Smoking status i ; !

Never e 1.19 (109, 1.30) e 113 (096, 1.33) 165(155,1.77) ik 152119, 1.94) i 146 (1.35 , 1.59)

Former i 113 (104, 1.22) e 1.19.(1.04, 1.34) 147(134,162)  be 130 (093, 1.82) o 1.68 (148, 1.91)

Current e 1.09 (101, 1.17) P —— 156 (120, 2.03) 135(120,152) et 1.6 (1.18,2.35) —— 133 (108, 1.63)
Drinking frequency i i

No i gl 1.19(1.10, 1.29) 5!—0—4 1.33(1.09, 1.62) 1.53(1.43, 1.63) gl 1.42(1.10, 1.84) gl 1.46 (136, 1.57)

Yes f 1.07(098, 1.16) e 115 (1.04, 1.28) 146(135,1.58) ket 156 (1.24 , 1.96) et 172 (148, 1.99)
Physical activity : !

Inactive e 112 (102, 1.23) —— 117 (1.02, 1.35) 148 (135, 1.63) — 2.16 (158 , 2.96)

Moderate et 125 (112, 1.40) et 117 (102, 1.34) 145(135,1.56) et 129 (0.98 , 1.70)

Inactive and moderate ; : et 1.47 (136, 1.58)

Vigorous Do 151(119,192)  H—e—i 119 (0.94, 1.50) 147(135,160) e 126 (0.90 , 1.76) e 166 (147, 1.88)
Number of comorbidities : 3

None e 1.11 (097, 1.28) D1 165(1.17,2.33) 174(130,2.33)  —e—— 1.94 (104, 3.62) v 155 (1.29, 1.86)

One i 1.11.(1.04, 1.18) ] 121 (099, 1.48) 175 (150, 2.04) —— 226 (143 ,3.58) - 139(1.24, 1.57)

Two and above S 1.19(112, 1.28) Has 120 (1,08, 1.34) 154(146,1.62) it 143 (118, 1.75) b 155 (142, 1.70)
Cognitive impairment i 5

No e 0.88 (061, 1.27) Dred 122(111, 1.34) 153(146,161) i+ 148 (1.25, 1.76) i 147 (137, 1.57)

Yes bt 1.08(099,1.19)  ——e———i 124(0.76, 2.02) —e———  279(1.80,432) F——e————— 249(0.39,5.72) —e—— 213(1.58,2.86)
Difficulty in BADL : !

No EM 1.09(1.02, 1.17) 5H—1 1.18 (1.05, 1.32) 1.56 (1.48 , 1.65) 4 1.49(1.24, 1.79) e 1.45(1.35, 1.57)

Yes L 1.21(1.09, 1.33) e 120 (1.02, 1.41) 1.44(130,1.59) He—i 1.23(0.75 , 2.02) e 1.64 (1,44, 1.87)
Diffificulty in TADL : :

No i 111 (104, 1.19) HaS 123 (1,09, 1.38) 153(144,163) ik 153 (1.26, 1.84) o4 1.44 (134, 1.55)

Yes [l 1.09 (1.00,, 1.20) e 1.14 (099, 1.32) 151(1.38,1.64) _re— 0.95 (061, 1.48) —— 174149, 2.02)

U L | S G S
05 1 15 2 05 1 15 2 25 os1 2 3 4 5 0125456 os 1 2 3

Fig. 3: Association between internet exclusion and depressive symptoms stratified by different factors, based on panel data analysis during 2010
and 2020. Note: BADL: basic activities of daily living; CHARLS: China Health and Retirement Longitudinal Study; ELSA: English Longitudinal
Study of Ageing; HRS: Health and Retirement Study; IADL: instrumental activities of daily living; MHAS: Mexican Health and Ageing Study; OR:
odd ratio; SHARE: Survey of Health, Ageing and Retirement in Europe. Model was adjusted for the minimal sufficient adjustment set (MSAS)
identified using a causal directed acyclic graph (DAG) including gender, age, education, marital status, labour force status, household wealth,
co-residence with children, residence status, cognitive impairment, difficulty in BADL and difficulty in IADL.

When we further excluded the survey data collected
during the COVID-19 pandemic, the association be-
tween internet exclusion and depressive symptoms
remained significant in HRS, SHARE, and CHARLS
(Supplementary Table S8). The results of the stratified
analysis were consistent with the analysis conducted
using survey data collected during the COVID-19
pandemic (Supplementary Table S9). Specifically,
internet exclusion was still significantly associated with
the item “everything is an effort” in HRS and CHARLS,
and with all dimensions of depression in SHARE
(Supplementary Tables S10 and S11). The results of the
cross-sectional studies showed that internet exclusion
was significantly associated with depressive symptoms
in all survey waves of SHARE and MHAS, as well as in
the majority of survey waves in HRS, ELSA, and
CHARLS (Supplementary Table S12).

Discussion
To the best of our knowledge, this study is the first panel
data analysis to examine the association between

internet exclusion and depressive symptoms among
older adults. The results of our study revealed a signif-
icant association between internet exclusion and a
higher likelihood of experiencing depression, as well as
most specific depressive symptoms, in both HICs (HRS,
ELSA, and SHARE) and LMICs (CHARLS, and MHAS).
These associations were particularly pronounced among
adults younger than 80 years, those currently not
working, individuals in the most economically deprived
household wealth group, individuals with primary
school education or below, and those without any diffi-
culty in performing BADL and IADL.

As ICTs become more prevalent and society
undergoes ongoing internet transformation, internet
exclusion among the older adults has garnered
increasing attention. The prevalence of internet exclu-
sion varies between HICs and LMICs. Representative
data across 17 European countries highlighted that 51%
of individuals aged over 50 did not use the internet.’' In
China, 61.4% of individuals over the age of 60 years did
not use the internet in 2018. Previous studies have
indicated that older individuals who do not use or have
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Euro-D items”

Depression
Pessimism
Suicidality

Guilt

Trouble with sleep
Less interest
Irritability

Diminution in the desire for food

Fatigue

Difficulty in concentration on

entertainment or reading
Tearfulness
Almost nothing enjoyed

OR: odd ratio; SHARE: Survey of Health, Ageing and Retirement in Europe. *Measured by the Euro-Depression
Scale (Euro-D). *The proportion of observations with a “yes” response for a specific depression item in the panel
data set. “Model was adjusted for the minimal sufficient adjustment set (MSAS) identified using a causal

directed acyclic graph (DAG)

wealth, co-residence with children, residence status, cognitive impairment, difficulty in basic activities of daily
living (BADL) and difficulty in instrumental activities of daily living (IADL).

SHARE

N (%)” OR (95% CI)* P
57,198 (39.2) 1.05 (1.02, 1.08) <0.001
26,569 (18.2) 1.66 (1.60, 1.72) <0.001
10,161 (7.0) 1.31 (1.23, 1.39) <0.001
10,743 (7.4) 0.89 (0.85, 0.94) <0.001
51,963 (35.6) 1.04 (1.02, 1.08) <0.001
14,820 (10.2) 1.49 (1.42, 1.56) <0.001
38,297 (26.2) 1.08 (1.05, 1.12) <0.001
14,023 (9.6) 1.31 (1.25, 1.38) <0.001
53,718 (36.8) 1.13 (1.10, 1.16) <0.001
26,542 (18.2) 1.39 (1.34, 1.45) <0.001
33,812 (23.2) 1.05 (1.02, 1.09) 0.01
19,334 (13.2) 1.58 (1.52, 1.65) <0.001

including gender, age, education, marital status, labour force status, household

Table 3: Association between internet exclusion and specific depressive symptoms of Euro-D scale
based on panel data analysis during 2012 and 2020.
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across the HRS, MHAS, CHARLS, and ELSA databases.
This indicates that individuals who experience internet
exclusion are more likely to perceive even simple tasks
as requiring substantial effort due to their depressive
symptoms. These results emphasize the impact of
internet exclusion on the motivation and energy levels of
individuals with depressive symptoms.

The association between internet exclusion and
depressive symptoms remained significant in specific
demographic categories: adults younger than 80 years,
those currently not working, individuals in the most
economically deprived household wealth group, in-
dividuals with primary school education or below, and
those without any difficulty in performing BADL and
IADL. The findings hold significant implications for
implementing targeted internet interventions for
specific high-risk populations with depressive symp-
toms. For instance, older adults with lower levels of
education and cultural literacy may lack knowledge and
skills in internet technology, leading to a sense of
discomfort and exclusion in the internet society, thereby
increasing the risk of depression. Older adults with
poorer economic conditions may reside in areas with
inadequate internet infrastructure or be unable to afford
the cost of purchasing internet devices and internet
connectivity, and this limitation restricts their ability to
connect with the outside world and access information,
consequently amplifying feelings of isolation and the
likelihood of experiencing depression. Furthermore, the
lack of employment may lead to the loss of roles and
identity among older adults, and internet exclusion may
limit their social presence and recreational activities

decreasing their opportunities to engage with others,
and thereby have less leisure options hence experi-
encing a higher risk of depressive symptoms. Conse-
quently, our findings underscore the importance of
providing internet technology training and establishing
supportive and inclusive environments to facilitate the
reintegration of unemployed older adults into society
and reduce their susceptibility to depressive symptoms.

Our findings have several implications and recom-
mendations. Firstly, special attention should be given to
the older adults with depressive symptoms. Improving
their mental health requires a comprehensive approach
that includes addressing social support, utilizing
antidepressants, implementing psychotherapy, and
incorporating exercise therapy.** Secondly, internet in-
clusion may serve as an intervention target for reducing
depressive symptoms among older adults. It is crucial to
promote internet inclusion by providing targeted
internet skills training, establishing community net-
works that support older adults’ internet participation,
and creating a user-friendly internet environment."
Ensuring that individuals can fully engage in internet
social interactions can facilitate social engagement,
reduce social isolation, and promote mental health
among older adults.

The strengths of this study included the utilization of
a cross-cultural, nationally representative longitudinal
survey, a large sample size, the inclusion of specific
depression items, the utilization of GEE models to
account for correlations among multiple waves of
longitudinal data, and the implementation of various
sensitivity analyses. However, several limitations should
also be mentioned. Firstly, we used the CES-D and
Euro-D scales to screen for depressive symptoms
instead of the gold standard diagnostic instrument, the
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition.” Secondly, measurement comparability is
an essential prerequisite for robust comparisons across
countries.”” However, five different measures were used
to assess depressive symptoms across the five cohorts.
While SHARE uses the Euro-D scale of depressive
symptoms, HRS, ELSA, CHARLS, and MHAS rely on
short version of the CES-D scale. Although previous
study had indicated the high correlation and moderate
and agreement between CES-D and Euro-D,” it also
should noted that there are differences in the way
individuals report depressive symptoms when using the
Euro-D and CES-D scales. Future research is expected to
use consistent depression assessment scales to further
explore the association between internet exclusion and
depression across different countries. Thirdly, our
investigation solely focused on the presence of internet
exclusion in older adults and did not explore other
dimensions of internet use, such as terminal device,
frequency, and purpose. Internet exclusion also
encompasses factors such as the absence of internet
devices, inadequate internet skills, and a lack of
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knowledge and confidence regarding internet resources
and services. Future research should delve into a more
detailed analysis of the association between different
dimensions of internet exclusion and depressive symp-
toms. Fourthly, there were unmeasured covariates in
this study, such as family support, cultural beliefs, and
internet literacy, which may have impacts on the asso-
ciation between internet exclusion and depressive
symptoms. Fifthly, frailty might be a mediating factor in
the correlation between internet exclusion and depres-
sive symptoms.* However, the variable of frailty was not
included in our study. Sixth, the potential explanations
for the association between internet exclusion and
depressive symptoms, including factors such as feelings
of loneliness, social isolation, and barriers to accessing
and utilizing internet healthcare services, are derived
from a comprehensive literature review. To further un-
derstand the possible explanations for the relationship
between internet exclusion and depressive symptoms,
future research should incorporate these factors and
conduct empirical analyses. Seventh, this study is un-
able to compare the effect sizes of the association be-
tween internet exclusion and depressive symptoms
across different cohorts and countries. Lastly, it is
important to acknowledge that our study only identified
a potential association between internet exclusion and
depressive symptoms. Causal relationships cannot be
established based solely on our findings.

In conclusion, this study identified a significant as-
sociation between internet exclusion and an increased
likelihood of depressive symptoms among older adults
in five cohort studies (HRS, ELSA, SHARE, CHARLS,
and MHAS). To mitigate the risk of depressive symp-
toms, it is crucial to implement effective interventions
that aim to enhance the participation of older adults in
the digital society, specifically targeting internet
exclusion.
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