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Abstract: Subjective well-being is a key indicator of quality of life and a crucial factor for successful aging among
older adults. However, few studies have explored the subjective well-being among older adults from the perspective of
digital literacy. Therefore, this study explores the relationship between digital literacy and subjective well-being using
data on 4270 older adults from the 2020 China Family Panel Studies (CFPS) dataset. PROCESS mediation analysis
results indicated digital literacy is associated with higher subjective well-being among the older adults. Digital literacy
was associated with the frequency of physical exercise and consumption. Moreover, Digital literacy can also enhance the
subjective well-being among older adults by increasing the frequency of physical exercise, and consumption, and a chain
mediator subjective well-being. These findings align with the theoretical framework of digital health literacy. Theory which
posits that health information obtained through digital literacy can help older adults better engage in healthy lifestyles,
thereby enhancing their quality of life. These findings hold significant practical implications for enhancing the subjective
well-being among older adults and advancing the development of successful aging.
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Introduction

Digital tools now span all aspects of everyday life includ-
ing physical exercise and consumption behaviors for their
subjective wellbeing. Subjective well-being or the self-
evaluation of an individual’s life quality based is also a key
indicator of successful aging (Diener et al., 2018; Diener
& Ryan, 2009), and less well studied among older adults
by their use of digital tools. Previous studies have found
that digital literacy can change an individual’s lifestyle,
thereby affecting their health status (Chatterjee et al.,
2021). This study focuses on the mediating effect of
lifestyle factors such as physical exercise and consumption
in the relationship between older adults’ digital literacy
and the subjective well-being among older adults.

Digital literacy and subjective well-being

Digital literacy comprises information communication
and collaboration, digital content creation, security, and
problem-solving (Joint Research Centre, 2022; Martin &
Grudziecki, 2006). Higher digital literacy can significantly
enhance subjective well-being by increasing participa-
tion in social activities and promoting the accumulation
of personal social capital (Steinfield et al., 2008; Gra-
ham & Nikolova, 2013). The use of devices such as
smartphones and computers to access information and
communicate the well-being among older adults (Cot-
ten et al., 2022; Wallcook et al., 2021; Byrne et al.,
2021; Bianchi, 2021). Students are needed on dimensions
of digital literacy and the subjective well-being among
older adults.

The mediating effect of physical exercise
Physical exercise includes in, and outdoor activities such as
cycling and skill-based sports (Leyland et al., 2019; Malik

& Maciaszek, 2022). With physical exercise, the older
adults can enter a state of flow, enhancing satisfaction and
well-being (Iwasaki, 2007). For instance, it is possible to
monitor physical exercise with digital tools providing safe
and personalized guidance for older adults, helping them to
persist in physical exercise (Schwartz et al., 2021; Peterlin
et al., 2024). Studies have shown that digital tools can help
older adults better engage in physical exercise by providing
health information and social support (Fang et al., 2024).
This kind of participation not only improves the physical
health among older adults but also significantly enhances
their mental health and social well-being (Fang et al.,
2024). However, older adults would have higher benefits
their physical exercise with digital literacy.

The mediating effect of consumption

Consumption is access and use of resources for well-
being in people’s lives (Yao, 2014). For instance, leisure
consumption is more likely to enhance the subjective
well-being among older adults (Deleire & Kalil, 2010).
What people consume or utilize their everyday lives would
depend on their digital literacy, and particularly for those
products or events that require online access. For instance,
older adults wanting to obtain health services would need
to use digital tools some if not all of the time, depend-
ing on their life situation. These services may include
purchasing medications, using mobile health applications,
or accessing online health consultation services, among
others. The extent to which they are successful the con-
sumption they need or desire would determine subjective
well-being. When older adults perceive to achieve the
consumption their desire, they have a sense of autonomy
and control (Golant, 2017), which would increase their
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Figure 1. The theoretical model of the impact mechanism of
digital literacy on the subjective well-being among older adults

subjective well-being (Abdi et al., 2019; Taylor et al.,
2024). Therefore, this study suggests that consumption
may be related to the subjective well-being. In summary,
high digital literacy can improve older adult people’s
consumption behavior for their subjective well-being (Tian
et al., 2023).

The chain mediating effect of physical exercise and
consumption

There is also a close relationship between physical exercise
and consumption. For instance, participating in physical
exercise necessitates the purchase of certain goods and
equipment. When injuries occur, medical treatment and
rehabilitation services are required. Therefore, engaging
in physical exercise can increase people’s physical con-
sumption. When older adults engage in physical exercise
by the goods and services for it, they may in psychological
relaxation and emotional release from it (Toth et al.,
2025). Also, participating in some outdoor or even indoor
physical exercise may require the payment of venue fees,
registration fees and so forth.

Goals of the study

We aimed to explore the relationship between digital
literacy and subjective well-being and the role of physical
exercise and consumption behaviour in that relationship.
Based on Figure 1, we hypothesized that.

H1: Digital literacy predicts the subjective well-being
among older adults.

H2: Physical exercise mediates the relationship
between digital literacy and the subjective well-being
among older adults for higher subjective well-being.

H3: Consumption mediates the relationship between
digital literacy and the subjective well-being among older
adults for higher subjective well-being.

H4: Physical exercise and consumption have the chain
mediating effect between digital literacy and the subjective
well-being among older adults for augmented subjective
well-being than with either alone.

Methods

Data sources

We utilized the 2020 data from the China Family Panel
Studies (CFPS) at Peking University. These data are multi-
stage, and multi-level, collected with random sampling
method nationwide. This study selected for study data on
older adults aged 60. We selected 4270 valid cases for
the empirical analysis of this study. Table | presents the
participant characteristics.

Measures subjective well-being

This CFPS study uses a single-item question method to
measure subjective well-being: “How happy do you think
you are?” Participants use a scoring range of 0—10, where
a higher score indicates stronger subjective well-being
among the older adults.

Digital literacy

This CFPS study operationalizes digital literacy is into 7
questions, with higher scores indicating a higher level of
digital literacy. An example item is “Do you use mobile
devices to access the internet?”

Physical exercise

This CFPS study operationalizes physical exercise as the
frequency of exercise. The question “Over the past 12
months, how often have you participated in physical fit-
ness and leisure activities?”” from the CFPS questionnaire
is used as a measurement indicator. The scoring range
is 1-8, representing “never participate” to “more than
twice a day”, respectively. The higher the score, the more
frequently the older adults participate in physical exercise.

Consumption

The CFPS survey covers consumption such as the spend-
ing habits and lifestyles of family members who live
together over the long term will gradually tend to become
consistent. It yields a “total household expenditure over
the past 12 months” divided by the size of the house-
hold population, and then taking the logarithm of the
resulting value.

Covariates

As by previous studies (Kim et al., 2020; Abe et al,
2023; He et al., 2023; Liu et al., 2023), we controlled
for gender (0 = Male, 1 = Female), age (1 = 60-74
years old as young older adults, 2 = 75 years old and
above as old older adults), marital status (No spouse = 0,
Spouse = 1), education level (1 = Junior high school
and below, 2 = High school and above), household reg-
istration (1 = Agricultural household registration, 2 =
Non-agricultural household registration), and self-rated
health are selected as control variables (Using the CFPS
questionnaire question “How do you rate your health
condition?” 1 = Unhealthy, 2 = Average, and 3 = merge
“Very healthy”, “Very healthy”, and “Fairly healthy” into
Healthy).

Data analysis

Using the STATA 16.0 software to calculate the digital lit-
eracy scores among older adults with the entropy method.
Using the Process plugin Bootstrap method to conduct
a test of the chain mediating effect (Preacher & Hayes,
2004), with the following specific settings: PROCESS
Model 6 is set, X = Digital literacy, M1 = Physical
exercise, M2 = Consumption, Y = Subjective well-being,
with a sample size of 5000 and a 95% confidence inter-
val. Prior to the analysis for the hypothesis testing, we
perform common method bias test using Harman’s single-
factor test.
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Table 1. Digital literacy evaluation system among older adults

Dimension Question Scoring Entropy Difference Weight
value coefficient
Digital operation Do you use mobile devices to 0, 1 0.824 0.176 0.191
literacy access the internet?
Do you use a computer to 0, 1 0.585 0.415 0.448
access the internet?
Digital Over the past 6 months, how 1-7 (higher score 0.973 0.027 0.029
communication often have you contacted your indicates more
literacy children by phone, text frequent contact)
message, letter, or email?
Digital How important is television to 15 (higher score 0.982 0.018 0.019
information you in obtaining information? indicates greater
literacy importance)
How important is the internet 1-5 (same as 0.887 0.113 0.122
to you in obtaining above)
information?
How important is radio to you 1-5 (same as 0.907 0.093 0.100
in obtaining information? above)
How important is mobile text 1-5 (same as 0.916 0.084 0.090
messaging to you in obtaining above)
information?
Results correlation analysis results among the variables indicate

Common method bias test

The Harman single-factor test was used to conduct the
common method bias test. The results showed that there
were a total of 6 factors with an eigenvalue greater than
1, with the first factor explaining 17.221% of the variance,
which is less than the critical value of 40%, indicating that
common method bias is not significant.

Descriptive statistics and correlation analysis
As in Table 2, the results of the independent samples t-
test indicate that older adult males have higher digital
literacy scores than females and also participate in physical
exercise more frequently. Younger older adults have higher
digital literacy scores than older older adults, but lower
subjective well-being scores. Older adults with a spouse
score higher in digital literacy and subjective well-being
than those with no spouse. Compared with older adults
with an educational level of junior high school and below,
those with an educational level of high school and above
have higher digital literacy scores, participate in physical
exercise more frequently, and have a higher level of con-
sumption. Compared with older adults with agricultural
household registration, older adults with non-agricultural
household registration have higher scores in digital literacy
and subjective well-being, participate in physical exercise
more frequently, and have a higher level of consumption.
As in Table 3, digital literacy is significantly posi-
tively correlated with subjective well-being (» = 0.127,
p < 0.01), physical exercise (r = 0.233, p < 0.01), and con-
sumption (» = 0.237, p < 0.01). Subjective well-being is
also significantly positively correlated with physical exer-
cise (r = 0.083, p < 0.01) and consumption (» = 0.076,
p < 0.01). Physical exercise is significantly positively
correlated with consumption (» = 0.223, p < 0.01). The

that further mediation tests can be conducted next.

Subjective well-being from digital literacy physical exer-
cise and consumption

Table 4 presents the regression analysis. Digital literacy
can significantly and positively predict physical exercise
(B = 0.125, p < 0.001). Digital literacy and physical
exercise can significantly and positively predict consump-
tion (8 = 0.079, p < 0.001; B = 0.088, p < 0.001).
Digital literacy, physical exercise, and consumption can
significantly and positively predict subjective well-being
(B =0.112, p < 0.001; B = 0.040, p < 0.05; B = 0.035,
p < 0.05). Digital literacy can significantly and positively
predict subjective well-being (8 = 0.120, p < 0.001).

The chain mediating effect of physical exercise and
consumption

Table 5 presents results of the mediating effect. The direct
effect value of digital literacy on subjective well-being is
0.112, accounting for 93.333% of the total effect value,
with a confidence interval of [0.079, 0.145], which does
not include 0, indicating that the direct effect is significant,
and Hypothesis H1 is supported. The total indirect effect
value of digital literacy on subjective well-being is 0.008,
accounting for 6.667% of the total effect, with a confidence
interval of [0.004, 0.014], which does not include 0, indi-
cating that the mediating effects of physical exercise and
consumption are significant. The indirect effect consists of
three pathways: 1) The effect value of the “Digital Literacy
— Physical Exercise — Subjective Well-Being” pathway
is 0.005, accounting for 4.167% of the total effect, with
a confidence interval of [0.001, 0.009], which does not
include 0, indicating that physical exercise has a significant
mediating effect between digital literacy and subjective
well-being, and Hypothesis H2 is supported. 2) The effect



252 Li, Zhou, Yang and Yuan

Table 2. Descriptive statistics of the relevant variables

Digital literacy Subjective well-being Physical exercise Consumption
M £ SD t M £ SD t M £ SD t M+ SD t

Gender Male (n = 2212) 0.20 £0.19 7.93%** 784 £2.01 0.89 3.12+2.84 3.84%%* 885+ 1.11 0.91

Female (n = 2058) 0.16 £0.16 7.78 £2.16 279 £2.70 8.82+1.14

60-74 years old (n = 0.19 £ 0.19 11.36%** 776 £2.09  —3.74%** 297 +£2.79 0.36 885+ 1.11 1.11
Age

3646)

75 years old and above 0.12+0.14 8.09 £2.01 2.93+2.82 879 £1.22

(n = 624)
Marital status No spouse (n = 658) 0.15+0.16 —5.01%%% 749 £221 —4.05%** 292+2.78 —0.42 8.79 £ 1.22 —1.04

Spouse (n = 3612) 0.19+£0.18 7.87 £2.05 297+£2.78 8.85+1.10

. Junior high school and 0.15+0.16 —1885***  780+212 —1.03 2754270 —10.79%*%* 872+ 1.10  —15.53%%*

Education level

below (n = 3573)

High school and above 0.324+0.23 7.88 +1.88 4.04 £291 9.42 + 1.05

(n=697)
Household Agricultural household ~ 0.14 £0.14  —19.08***  7.69 £220 —5977*%*  235+245 —20.586%** 853 +1.02 —27.973%%**
registration registration (n = 2881)

Non-agricultural 0.27 £0.23 8.06 £ 1.79 424 £2.97 9.48 £ 1.05

household registration
(n=1389)

Note. p < 0.001 (¥*%*),

Table 3. Correlation tests of the relevant variables

Variable M SD  Digital literacy Subjective well-being Physical exercise ~Consumption
Digital literacy 0.180 0.181 1
Subjective well-being  7.810  2.081 0.127** 1
Physical exercise 2960 2.777 0.233** 0.083** 1
Consumption 8.840 1.122 0.237** 0.076** 0.223** 1

Note. p < 0.01 (**).

Table 4. Analysis of the mechanism by which digital literacy affects the subjective well-being among older adults

Regression Fit index Coefficient 95%
and Confidence
significance interval
Dependent variable Independent variables R R? F B t LLCI ULCI

Eq. (1) Physical Digital literacy 0.354 0.125 86.955 0.125 7.797*** 0.094  0.157
exercise
Eq. (2) Digital literacy 0432 0.187 122.453 0.079 5.086*** 0.049  0.110
consumption

Physical exercise 0.088 5.950*** 0.059  0.117
Eq. (3) subjective Digital literacy 0.240 0.058  28.857 0.112  6.639*** 0.079  0.145
well-being

Physical exercise 0.040  2.511* 0.009 0.071

Consumption 0.035 2.125% 0.003 0.067
Eq. (4) Subjective Digital literacy 0.234 0.055 35322 0.120  7.190***  0.087  0.153

well-being

Note. All variables in the model are standardized before being entered into the regression equation. p < 0.001 (***),

p < 0.05(*).

value of the “Digital Literacy — Consumption — Subjec-
tive Well-Being” pathway is 0.002, accounting for 1.667%
of the total effect, with a confidence interval of [0.001,
0.006], which does not include 0, indicating that con-
sumption has a significant mediating effect between digital
literacy and subjective well-being, and Hypothesis H3 is
supported. 3) The effect value of the “Digital Literacy —
Physical Exercise — Consumption — Subjective Well-
Being” pathway is 0.001, accounting for 0.842% of the
total effect, with a confidence interval of [0.001, 0.001],

which does not include 0, indicating that physical exercise
and consumption have the significant chain mediating
effect between digital literacy and subjective well-being,
and Hypothesis H4 is supported.

Since the direct predictive effect of digital literacy
on subjective well-being is significant, physical exercise
and consumption have the chain mediating effect between
digital literacy and subjective well-being. Therefore, the
total effect of digital literacy on the subjective well-being
among older adults is 0.120, with a direct effect of 0.112
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Table 5. The chain mediating effect of physical exercise and consumption between digital literacy and subjective well-

being
Influence pathways Effect BootSE BootLLCI BootULCI Proportion (%)
Digital literacy — Physical exercise — Subjective 0.005 0.002 0.001 0.009 4.167
well-being
Digital literacy — Consumption — Subjective 0.002 0.002 0.001 0.006 1.667
well-being
Digital literacy — Physical exercise — 0.001 0.001 0.001 0.001 0.833
Consumption— Subjective well-being
Total indirect effect of digital literacy on subjective 0.008 0.003 0.004 0.014 6.667
well-being
Direct effect of digital literacy on subjective 0.112 0.017 0.079 0.145 93.333
well-being
Total effect of digital literacy on subjective 0.120 0.017 0.087 0.153 100
well-being
0.088""*
Physical exercise Consumption
0.125" 0.035"

LL L]

0.079

0.040"

Digital literacy

0.112°

— Subjective well-being

Figure 2. The impact mechanism model of digital literacy on the subjective well-being among older adults. Note. p < 0.001 (¥**),

p < 0.05 (%).

and an indirect effect of 0.008, and the chain mediating
effect model is shown in Fig. 2.

Discussion

In the information age, the use of digital technology brings
new opportunities for promoting the subjective well-being
among older adults. This study found digital literacy to be
associated with higher subjective well-being among older
adults. This finding is consistent with previous research
findings (Oh & Bae, 2024). On the one hand, high digital
literacy can reduce social isolation among older adults and
increase their well-being; Older adults can use the internet
to gain more opportunities for social interaction, thereby
enhancing their subjective sense of happiness (Sen et al.,
2022; Sprecher et al., 2016; Crolic et al., 2024). On the
other hand, digital health literacy is an essential component
of digital literacy. Older adults with high digital health
literacy can use the internet to obtain and comprehend
health information, and make effective health decisions.
This contributes to kindling their enthusiasm in health
management and enhancing their subjective well-being
(Wang & Luan, 2022; Dong et al., 2023).

This study found physical exercise mediation of the
association between digital literacy and the subjective
well-being among older adults. In other words, the
enhancement of digital literacy can increase the frequency
of physical exercise, thereby improving the subjective
well-being among older adults. Previous studies have
found that physical exercise can affect the subjective well-
being among older adults by impacting aspects such as
self-esteem, emotions, stress, cognition, and the sense

of meaning in life (Langlois et al., 2013; Edwards,
2006; Chen et al., 2022). This finding may be explained
by the fact that older adults can search for various types
of knowledge and learning materials related to physical
exercise on the internet, and the use of digital video
tutorials can improve the quality of individual motor skill
learning (Bulca et al., 2020). Digital technology can also
meet the needs and preferences among older adults in
physical exercise, monitor the safety of their activities,
and thereby increase their frequency of participation in
physical exercise (Huang et al., 2024; Chen et al., 2023).
Furthermore, there are multiple reasons why physical
exercise can enhance subjective well-being among older
adults. Physical exercise can reduce social isolation among
older adults, which is valuable for alleviating loneliness
caused by a lack of social interaction (Gu et al., 2024).
Active aging suggests that increasing social participation
among older adults can effectively improve their subjective
well-being (Bar-Tur, 2021).

This study found consumption to mediate the relation-
ship between digital literacy and the subjective well-being
among older adults. Previous studies have found that older
adults show different consumption tendencies across vari-
ous categories, and they may increase spending on dining
while reducing spending on personal image and enter-
tainment (Tian et al., 2024). This result can be variously
explained. On the one hand, digital literacy can enhance
the willingness among older adults to engage in online
shopping, thereby increasing their level of consumption
(Rybaczewska & Sparks, 2022). On the other hand, dig-
ital literacy can help older adults better acquire, process,
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and communicate information, which is crucial for their
consumption in the digital environment (Ban et al., 2024).

This study found the chain mediating effect of physical
exercise and consumption between digital literacy and the
subjective well-being among older adults. In other words,
the higher the frequency of physical exercise among older
adults, the higher their level of consumption. This view-
point is consistent with previous research findings (Wu &
Wu, 2023). Previous studies have found that participation
in physical exercise helps to prevent and alleviate a variety
of health issues among older adults, such as osteoporosis,
anxiety, and cognitive impairments (Eckstrom et al., 2020).
In order to maintain this state of health, they may be
more willing to invest in products and services related
to physical exercise, such as fitness equipment and sports
gear. Appropriate physical exercise helps to maintain the
physical functions among older adults and reduces the care
needs that arise from the decline of physical capabilities
(Nikitas et al., 2022). In order to maintain these physical
functions, older adults may be more willing to invest in
personalized fitness plans and professional sports coach-
ing. Physical exercise provides older adults with social
opportunities and enhances social connections (Gu et al.,
2024). This social demand may encourage older adults
to participate more in group sports or fitness classes,
thereby increasing spending on sports services and related
social activities.

Theory and practice implications

This study has certain theoretical significance. The the-
oretical framework of digital health literacy posits that
health information obtained through digital literacy can
help older adults better engage in certain lifestyles, thereby
enhancing their quality of life (Ban et al., 2024). This
study elucidates the mechanism by which digital literacy
affects subjective well-being through physical exercise and
consumption lifestyles, emphasizing the chain mediating
effect of physical exercise and consumption. This finding
not only provides a new theoretical basis for promoting the
subjective well-being among older adults but also enriches
the research on the relationship between digital literacy
and the well-being among older adults, offering a new
perspective for future studies.

This study also has certain practical implications. On
the one hand, the improvement of digital literacy enables
older adults to more conveniently obtain health-related
information, which in turn guides them to engage more
actively in physical exercise. Physical exercise and other
forms of social participation can enhance social con-
nections, help older adults stay active and engaged in
social life, which is crucial for their subjective well-being
(Stoncikaite, 2019). On the other hand, digital literacy
can promote the consumption among older adults by
enhancing their awareness of digital security and pro-
tecting their personal property (Oh et al., 2021). Such
consumption often leads to a greater satisfaction of their
own needs, thereby enhancing the subjective well-being
among older adults (Mathur & Moschis, 2023). Further-
more, by increasing spending on activities such as physical
exercise that are related to social participation, older adults
can strengthen their sense of social involvement, thereby

enhancing their subjective well-being. These findings hold
significant practical implications for enhancing the sub-
jective well-being among older adults and advancing the
development of successful aging.

Limitations and future directions

This study has some limitations, including the fact that
it was cross-section and largely correlational rather than
causal. Moreover, the study relied solely on the survey
data. It also selected physical exercise and consumption as
mediating variables, and there could be other explanatory
variables. Future studies should seek to address these
limitations for more robust findings.

Conclusion

Digital literacy is closely related to the subjective well-
being among older adults. To a certain extent, digital
literacy can positively predict the subjective well-being
among older adults. Digital literacy, subjective well-being,
physical exercise, and consumption are closely related to
each other. Physical exercise and consumption have the
chain mediating effect between digital literacy and the sub-
jective well-being among older adults. These results imply
aneed for targeted interventions to enhance digital literacy
among older adults. Specifically, the relevant programs
can be advanced through measures such as organizing
community workshops and developing online tutorials.
These programs are designed not only to enhance the basic
digital skills among older adults, but more importantly, to
help them acquire the ability to access and utilize health
information via digital platforms. In this way, it can be
ensured that older adults can effectively leverage digital
technology to promote their own health and well-being.
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