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The impact of chronic diseases on the
health-related quality of life of middle-aged
and older adults: the role of physical activity
and degree of digitization
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Abstract

Background The incidence of chronic diseases is on the rise worldwide, with a high mortality rate in China, posing

a serious threat to the health-related quality of life (HRQol) of middle-aged and older adults. This study explores the

association between chronic diseases and the HRQol of middle-aged and older adults, as well as the role of physical
activity (PA) and degree of digitization in this relationship.

Methods The data used in this study was obtained from the 2018 China Health and Retirement Longitudinal Study
(CHARLS), which included 13,620 middle-aged and older Chinese adults (>45 years). The study utilized correlation
analysis, and bootstrapping to investigate the mediating role of PA and the moderating influence of the degree of
digitization. Data analysis was conducted using SPSS 26.0.

Results The study findings indicate that the severity of chronic disease has a significant negative predictive effect on
HRQoL (PCS, physical component summary; MCS, mental component summary) (PCS: 3 =-2.515,p<0.01, MCS: B =
-0.735, p<0.01). Further analysis revealed that PA plays a mediating and masking role in the impact of chronic disease
on PCS and MCS. Additionally, the degree of digitization moderates the relationship between chronic disease and PA,
chronic disease and PCS, and PA and PCS.

Conclusion For middle-aged and older persons, chronic diseases have a detrimental effect on their HRQol;
nevertheless, PA can help. Furthermore, proper internet usage can help older individuals to some extent in mitigating
the negative impact of chronic diseases. Therefore, it is encouraged to promote PA among the elderly with chronic
diseases to improve their physical health, as well as to guide them in the proper use of the Internet to establish
healthy behaviors.
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Introduction
Chronic non-communicable diseases, such as hyperten-
sion, hyperlipidemia, hyperglycemia, hyperuricemia,

and obesity, are the most common. According to World
Health Statistics, four major chronic diseases, includ-
ing diabetes, caused about 33.3 million deaths globally
in 2019 alone, representing a 28% increase compared
to 2000 [1]. In China, the probability of dying from the
four major non-communicable diseases, namely cardio-
vascular disease, cancer, diabetes, and chronic respira-
tory disease, between the ages of 30 and 70 is 15.9% [1].
Moreover, as of the end of 2022, the elderly demographic
in China, aged 60 and above, has surpassed 280 million.
Projections indicate that by 2040, the population of indi-
viduals over 60 will reach an estimated 402 million [2].
With the rapid economic and social development in
China and the exacerbation of the aging trend, chronic
diseases have become a serious public health issue that
threatens the lives and health of the people.

Additionally, many people with chronic diseases do not
suffer from a single ailment but rather have two or more
chronic diseases [3]. This not only leads to treatment
challenges, increased medication usage, and a heavier
disease burden but also significantly affects the quality of
life of the patients [4]. Studies have shown that comor-
bidity or multiple chronic conditions have a significant
negative impact on the quality of life [5], and patients
with multiple chronic conditions have more severe pain
and a higher risk of depression compared to those with
fewer chronic diseases [6]. Furthermore, several studies
have confirmed that chronic diseases restrict their physi-
cal functioning and deteriorate patients’ overall health,
subsequently affecting their quality of life [7-9].

Health-related quality of life (HRQoL) is a broad multi-
dimensional concept that usually refers to the perceived
physical and mental health status of an individual or a
group over time, and it includes both physical health
summary (PCS) and mental health summary (MCS) [10].
HRQoL reflects the overall impact of medical or thera-
peutic interventions on patients, particularly those with
chronic diseases [11]. It is widely believed that HRQoL
is a complex construct that encompasses three distinct
areas: physical, psychological, and social functioning [9].
Research has shown that chronic diseases and multimor-
bidity are consistently associated with declining HRQoL
across different age groups [12, 13]. Individuals with at
least one or five common chronic diseases are even more
likely to have lower HRQoL [14]. Therefore, it is assumed
that chronic diseases have a negative impact on the
HRQoL of middle-aged and older adults.

Chronic Inflammation and most chronic diseases
can benefit from physical activity (PA). Engaging in
regular PA can provide benefits for physical and men-
tal health [15-18]. Some elderly adults diagnosed with
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chronic diseases may believe that PA could exacerbate
their symptoms, leading to deterioration of their condi-
tions, and ultimately reducing their PA levels [19]. Fur-
thermore, research has confirmed that the presence of
chronic diseases to some extent limits physical function-
ing, leading to reduced PA among elderly adults with
chronic diseases [20, 21]. A decrease in PA levels may
lead to increased disease risks, deterioration of mental
health, increased prevalence of depression, and a closely
related decline in HRQoL [22-24]. Conversely, regular
moderate-to-high-intensity exercise can induce ben-
eficial cardiac metabolic effects, prevent cardiovascular
diseases, and reduce the association between sedentary
time and the risk of mortality [25, 26]. Health ecology
theory suggests that an individual’s health behaviors are
influenced by the interaction of several factors, including
personal factors, the social environment, and behavioral
characteristics. According to this theory, the level of par-
ticipation in PA can be considered a health behavior, and
the health status of older people is influenced by PA and
its interactions [27]. Hence, we hypothesize that chronic
disease can influence the HRQoL of middle-aged and
older adults through PA.

In addition, the utilization of the internet is also seen
as a significant determinant of the well-being of middle-
aged and elderly adults [28]. The Internet, as an essential
communication tool in current life, has been shown to
potentially have a positive impact on the cognitive reserve
of older adults, which has a non-negligible positive effect
on active aging [29]. As internet usage rates continue
to rise, concerns about its impact on health have also
grown. According to the Social Cognitive Theory, older
people can learn about various health issues through the
use of the Internet in an observational learning manner,
which motivates them to take part in physical activities
and thus better maintain their health [30]. Numerous
studies suggest that using the Internet is beneficial for
physical health [31]. For instance, internet technology
has been widely utilized in the healthcare field [32, 33];
patients can use the Internet to access health informa-
tion [34, 35], engage in Internet intervention for PA [16],
and participate in telemedicine [36], among other uses.
A longitudinal study has identified a specific association
between the daily usage of the Internet by middle-aged
and older persons in China and a steady decrease in the
occurrence of several chronic diseases [32]. Addition-
ally, research has demonstrated that internet technology
promotes social engagement, which can help the elderly
strengthen their social connections and alleviate feelings
of loneliness, thus contributing to the psychological well-
being of middle-aged and older adults [37, 38]. However,
a significant body of research also holds the opposite
view. While internet use may increase PA, excessive time
spent online can lead to increased sedentary behavior,



Hu et al. BMC Public Health (2024) 24:2335

reduced social interactions, and, ultimately, impairments
to physical and mental health [39]. Previous studies have
found that the higher the frequency of internet use, the
more severe the impact on sleep duration [40, 41], and
excessive internet use can also contribute to feelings of
depression and anxiety [42]. Women with high internet
usage are at an increased risk of future depression [43].
Therefore, with the widespread use of the internet among
middle-aged and older adults, studying whether internet
use among elderly adults with chronic diseases is benefi-
cial to their HRQoL is a focal point of this research. Thus,
we hypothesize that the degree of digitization plays a
moderating role in the relationship between chronic dis-
ease, PA, and HRQoL.

Although related research has demonstrated the asso-
ciation between PA, degree of digitization, and chronic
disease, the interconnections between chronic dis-
ease, HRQoL, PA, and the degree of digitization remain
largely unexplored. Therefore, this study aims to explore
the mediating role of PA in the relationship between
chronic disease and HRQoL in middle-aged and older
adults. Additionally, we investigate the moderating effect
of the degree of digitization on the mediated relation-
ship between PA and chronic disease in relation to the
HRQoL of middle-aged and older adults. To achieve this,

A PA
Chronic Disease T > PCS
Degree of
Digitization
B PA
Chronic Disease T > M CS
Degrée of
Digitization

Fig. 1 Hypothetical Models: (A) Hypothetical Model between Chronic
disease and PCS; (B) Hypothetical Model between Chronic disease and
MCS. PA, Physical activity; PCS, Physical component summary; MCS, Men-
tal component summary

Page 3 of 13

we propose three hypotheses and construct a theoretical
model as depicted in Fig. 1.

Methods
Participants
The study participants were selected from the China
Health and Retirement Longitudinal Study (CHARLS),
which is a nationally representative survey performed
by the National Development Institute of Peking Univer-
sity. CHARLS is a high-quality, household-based, longi-
tudinal survey. The survey covers 28 provinces in China
and aims to collect demographic information and basic
health status of individuals aged 45 and above. CHARLS
has received approval from the Biomedical Ethics Review
Committee of Peking University (IRB00001052-11015),
and all participants have given their informed consent.
The World Health Organization (WHO) criteria for
categorizing a population’s age are: 45-59 years old for
middle-aged people and 60 years old and above for older
people [44]. Therefore, this study used participants of
CHARLS 2018 as our study population (#=19,816) and
included people aged 45 years and older as study par-
ticipants. Exclusion criteria included: (1) Adults aged 45
and below or with missing age information in the 2018
CHARLS survey (n=424); (2) Individuals for whom
information on gender, age, residence, education level,
marital status and chronic disease was not provided in
the 2018 CHARLS survey (n=5279); (3) Those for whom
information on PA, PCS, or MCS was unavailable in the
2018 CHARLS (n=493). Ultimately, the final sample con-
sisted of 13,620 persons overall, comprising 6,507 males
and 7,113 females. Figure 2 shows the detailed process
for including and excluding study participants.

Measurement

Chronic diseases

In the CHARLS 2018 survey, we extracted data on
“health status and functioning” The presence of chronic
diseases was assessed by inquiring, “Has a doctor ever
told you that you have any of the following?” CHARLS
covers the following 14 chronic diseases: hypertension,
dyslipidemia, diabetes, cancer or malignant tumor, liver
disease, heart problems (heart attack, coronary heart dis-
ease, angina, and congestive heart failure), stroke, kidney
disease, stomach or other digestive diseases, emotional,
nervous, or psychiatric issues, memory-related diseases
(such as dementia, cerebral atrophy, and Parkinson’s dis-
ease), arthritis or rheumatic disease, and asthma. A value
of “1” was assigned if the participant had the disease; oth-
erwise, it was “0” A score of 0 to 14 is the total number of
chronic diseases for each respondent, which indicates the
severity of the chronic diseases, with a higher number of
chronic diseases representing greater severity.
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A total of 19,816 participants from CHARLS 2018 were
included in the sample

‘

Initial enrollment of 14113 participants

'

13620 participants included in the analysis
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Excluding data:
Participants < 45 years old age and age vacancies (n=424)
Participants with vacant demographic information (n=5279)

Excluding data:
Participants without information on PA, PCS,
MCS. (n=493)

Fig. 2 Flowchart of the selection and analysis of the study sample. CHARLS, The China Health and Retirement Longitudinal Survey. PA, Physical activity;

PCS, Physical component summary; MCS, Mental component summary

Health-related quality of life (HRQoL)

The HRQoL of individuals was measured using a new
scale that was developed based on the Short Form 36
(SF-36) and CHARLS questionnaire variables. The SF-36
is a self-administered questionnaire used to assess gen-
eral HRQoL. It consists of 36 items that measure eight
different dimensions of HRQoL [45]. The construction of
the new scale is based on the 8 dimensions of the SF-36
and selects corresponding CHARLS variables to assess
the following 8 dimensions: physical functioning (PF),
role-physical (RP), bodily pain (BP), general health (GH),
vitality (VT), social functioning (SF), role-emotional
(RE), and mental health (MH). Based on the conceptual
model of the SF-36, the scores of the 8 dimensions were
aggregated into 2 total scores, PCS and MCS, respectively
[46]. Physical functioning, physical role, physical pain,
and general health were calculated as PCS, and mental
health, vitality, emotional role, and social functioning
were calculated as MCS. In the study, the Cronbach’s
alpha of the scale was 0.781. Scores for the 8 dimensions

are calculated by summing category scores and then con-
verting the raw scores to a 0 to 100-point scale to provide
an overall measure of physical and mental functioning,
where higher values indicate better functioning. The
questionnaire has been determined to be valid in Chinese
populations and has been used in related studies [47].

Physical activity (PA)

This study used five questions from the CHARLS 2018
questionnaire to measure respondents’ PA. In the
CHARLS survey, PA types are classified into three cat-
egories: vigorous activities with strong energy expen-
diture, moderate-intensity physical activities, and light
physical activities such as walking. Participants were
asked if they engaged in each activity type for at least ten
minutes continuously each week (yes=1, no=0). If the
answer was “yes,” they were then asked about the number
of days per week they engaged in each type of PA for at
least ten minutes (from 1 to 7 days, corresponding to 1-7
points); for those days when they engaged in each type of
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PA, they were asked about the amount of time spent each
day (=10 min and <30 min, 230 min and <2 h, 22 h and
<4 h, and 24 h). According to Liang Deqing’s principle of
PA calculation [48], each activity type’s time, frequency,
and intensity were multiplied to calculate the PA scores
of different types, which were summed to give a total
score, with higher values indicating more PA.

Degree of digitization

In the CHARLS 2018 questionnaire, the degree of digi-
tization was measured using five questions. Participants
were asked if they had used the internet in the previous
month (yes=1, no=0). If the answer was affirmative, they
were then asked about the frequency of their internet use
in the previous month (almost every day=3, almost every
week=2, not often=1). Additionally, they were asked the
following: Do you use mobile payment platforms such
as Ali-pay or We-chat Pay? (yes=1, no=0), Do you use
We-chat? (use=1, do not use=0), Do you post updates
on We-chat Moments? (post=1, do not post=0). The
Cronbach’s alpha for the five items was 0.874, which was
higher than the minimum of 0.6, and is therefore reliable
for measuring degree of digitization. The scores for the
five questions were summed up, with a score range of 0
to 7, where a higher score indicates a higher degree of
digitization. This study focused on the use of the Inter-
net, especially mobile payments, and social media appli-
cations (e.g., We-chat), which cover important aspects of
digital life. The questionnaire has been used in a related
study [49].

Socio-demographic variables

Several demographic variables were controlled for in
this study, including age, gender, education level, mar-
riage, and living environment. Gender was encoded as a
dummy variable (1=male, 2=female). Age was measured
in years. Education was measured by the highest level of
education obtained (excluding adult education). Mar-
riage refers to their current marital status (married and
living together, married but separated for work, separate
(married couple), divorcee, widowed, never married).
The living environment measure was constructed based
on living arrangements (categorized as family residence,
retirement institution, hospital) and residential location
(rural or urban).

Study methods

This study utilized a cross-sectional design, and statisti-
cal analysis was primarily conducted using IBM SPSS
Statistics version 26 (IBM SPSS Inc., Chicago, USA).
Descriptive statistical analyses were initially performed
for the variables and control variables in the study. Pear-
son’s correlation test was used to analyze the correlation
between chronic disease, PCS, MCS, HRQoL, and PA.
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The mediation effect of PA in the relationship between
chronic disease and HRQoL was examined using the
PROCESS macro model 4 in SPSS. A bias-corrected
Bootstrap percentile method was utilized for mediation
effect testing, where a significant mediation effect was
indicated if the path coefficient fell within the 95% CI and
did not include 0. Finally, the PROCESS model 59 was
employed to test the moderating effect of degree of digi-
tization level in the mediation model. In the examination
of mediation and moderation effects, demographic vari-
ables (gender, age, education, marital status, residence)
were controlled for.

Results

Descriptive analysis

The variable descriptive statistics are shown in Table 1.
A total of 13,620 participants were included in this study
with a mean age of 61.81. Of these, slightly more females
(52.22%) than males (47.78%) were enrolled. Most of
them had low levels of education, of which 20.37% indi-
cated that they had no formal education and 41.72%
had completed only primary education. The majority
(87.55%) were currently married and their spouses were
still alive.

Correlation analysis

Table 2 presents the mean values, standard deviations,
and correlation coefficients of the study variables. The
results of Pearson correlation analysis indicate that the
degree of chronic disease is negatively correlated with
PCS (r=-0.262, p<0.01), positively correlated with MCS
(r=0.088, p<0.01), and negatively correlated with PA (r=-
0.058, p<0.01). There is a significant positive correlation
between PA and PCS (r=0.183, p<0.01), and a signifi-
cant negative correlation with MCS (r=-0.039, p<0.01).
Furthermore, the degree of digitization is positively cor-
related with PCS (r=0.160, p<0.01) and MCS (r=0.247,
p<0.01), and also positively associated with PA (r=0.023,
p<0.01). These preliminary results provide support for
subsequent regression analysis (see Table 2).

Mediating role

The PROCESS model 4 was used to test the mediating
effect of PA on the relationship between chronic disease
and PCS. The results of the mediating effect are shown
in Table 3. Firstly, chronic disease significantly negatively
predicted PCS (B=-2.515, p<0.01). Secondly, it was found
that chronic disease significantly negatively predicted PA
(B=-0.576, p<0.01), and PA significantly positively pre-
dicted PCS (f=0.071, p<0.01). Finally, in order to deter-
mine whether PA has a full or partial mediating effect
when PA was simultaneously included in the regres-
sion equation, the strength of the relationship between
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Table 1 Descriptive statistics of the sample (n=13,620)
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Variables Definition Frequency Percentage (%) Mean SD
Age 45-59 6075 446 61.81 10.05
60-69 4538 333
>70 3007 22.1
Gender Male 6507 47.78 1.52 0.5
Female 7113 5222
Residence Town 2753 20.21 1.8 0.402
Village 10,867 79.79
Educational level No formal education 2774 2037 2.2 0.782
Primary school 5682 41.72
Middle school 4853 35.63
High School or above 311 2.28
Marriage Married and living together 10,844 79.62 1.61 1.358
Married but separated for work 878 6.45
Separate (married couple) 50 037
Divorcee 152 112
Widowed 1635 12
Never married 61 045
Chronic diease Continuous variable(0-14) 13,620 0.72 1.051
HRQoL Continuous variable 13,620 53.35 10.254
PCS Continuous variable 13,620 3497 4.603
MCS Continuous variable 13,620 18.38 8.203
PA Continuous variable 13,620 26.35 18495
Degree of Digitization Continuous variable 13,620 0.89 2.179
PCS: Physical component summary; MCS: Mental component summary; PA: Physical activity.
Table 2 Correlation analysis of chronic disease level, HRQOL, PA
1 2 3 4 5 6
1Chronic disease 1
2PCS -0.262** 1
3MCS -0.088** 0.205** 1
4HRQoL -0.240** 0.844** 0.698** 1
5PA -0.058** 0.183** -0.039** 0.113%* 1
*p<0.05** p<0.0].

1Chronic disease, Chronic disease; 2PCS, Physical component summary; 3MCS, Mental component summary; 4HRQoL, Health-related quality of life; 5PA, Physical

activity.

Table 3 Results of the analysis of the mediating role of PA on the relationship between chronic disease and PCS

PCS PA PCS

B SE B SE B SE
Constant 88.020** 0.997 51.962** 1.764 84.330** 1.021
Gender -3.556** 0.185 -14171% 0327 -3456%* 0.183
Age -0.219** 0.01 -0.450%* 0.017 -0.187** 0.01
Residence -1.055** 0.226 3.882%* 0.399 -1.331% 0.225
Highest level of education 1.883** 0.128 -0.664** 0227 1.930** 0.127
Marriage -0.350** 0.068 -0461** 0.12 -0.317** 0.067
Chronic disease -2.515%* 0.082 -0.576** 0.146 -2 AT4* 0.082
PA 0.071%* 0.005
R 0.191 0.074 0.204
F 535.488** 180.816** 497 .472%*

* p<0.05, ** p<0.01. SE, standard error. PCS, Physical component summary; PA, Physical activity.
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Table 4 Results of the analysis of the mediating role of PA on the relationship between chronic disease and MCS

MCS PA MCS

B SE B SE B SE
Constant 25.242%* 0.892 51.962** 1.764 25.878** 0.834
Gender -1.305** 0.208 -1.4717% 0327 -1.322%* 0.15
Age 0.066** 0.008 -0.450** 0.017 0.060** 0.008
Residence -2.153** 0.183 3.882%* 0399 -2.105** 0.183
Highest level of education 1.237%* 0.104 -0.664** 0.227 1.229%* 0.104
Marriage -0.098 0.055 -0461%* 0.12 -0.104 0.055
Chronic disease -0.735** 0.067 -0.576** 0.146 -0.742%* 0.067
PA -0.012** 0.004
R 0.05 0.074 0.051
F 120.222%* 180.816** 104.496**
*p<0.05, ** p<0.01. SE, standard error. MCS, Mental component summary; PA, Physical activity.
Table 5 Moderating effect of degree of digitization

PCS PA MCS PA
B SE B SE B SE B SE

Constant 83.15%% 1.033 52.785%% 1.786 22.572%* 0.828 52.785%* 1.786
Chronic disease -2.71%* 0.088 -0.704** 0.157 -0.746** 0.07 -0.704** 0.157
Degree of digitization 0.403** 0.084 -0312%* 0.09 0.84** 0.067 -0.312** 0.09
Chronic disease*Degree of digitization 0.274** 0.038 0.156* 0.068 -0.022 0.03 0.156* 0.068
Gender -343** 0.183 -1.406** 0.326 -1.307** 0.146 -1.406** 0.326
Age -0.175%* 0.01 -0459** 0.017 0.099** 0.008 -0.459** 0.017
Residence -1.054** 0227 3.713** 0.405 -1.339%* 0.182 3.713% 0405
Highest level of education 1.754%* 0.13 -0.53** 0.233 0.661** 0.104 -0.53** 0.233
Marriage -0.316%* 0.067 -0454*% 0.12 -0.129% 0.054 -0454*% 0.12
PA 0.08** 0.005 -0.0171** 0.004
PA*Degree of digitization -0.013** 0.002 0.002 0.002
R’ 0.21 0.075 0.093 0.075
F 362.607** 137.247%% 140.323* 137.247%*

*p<0.05, ** p<0.01. SE, standard error; PCS, Physical component summary; MCS, Mental component summary, PA, Physical activity.

chronic disease and PCS decreased but remained signifi-
cant (p=-2.474, p<0.01), as shown in Table 3. Moreover,
the 95% BootCI did not include the number 0 [-0.006 ~
-0.001]. The results indicate that PA partially mediates
the relationship between chronic disease and PCS, with
an indirect effect value of -0.041, accounting for 1.627%
of the total effect (-2.515).

Using the same method, we tested the mediating effect
of PA on the association between chronic disease and
MCS. We found that chronic disease significantly nega-
tively predicted MCS (p=-0.735, p<0.01), chronic disease
significantly negatively predicted PA ($=-0.576, p<0.01),
and PA significantly negatively predicted MCS ($=-0.012,
p<0.01). Finally, when PA was simultaneously included
in the regression equation, we found that the relation-
ship between chronic disease and MCS remained sig-
nificant and the strength increased (f=-0.742, p<0.01), as
shown in Table 4. Due to the opposite signs of the direct
and indirect effects, the total effect was masked. There-
fore, there is a masking effect of PA on the relationship
between chronic disease and MCS, with the indirect
effect accounting for 0.946% of the direct effect.

-2.515%*

> PGS

Chronic Disease

S7qef 0013*

0.156*

Degree of
Digitization

Fig. 3 Reconciling the results of the mediation model. PA, Physical activ-
ity; PCS, Physical component summary

Moderator effects

Next, the moderation effect of degree of digitization level
was tested using Model 59 in the SPSS macro, and the
results are shown in Table 5; Fig. 3. The results indicate
that the product of chronic disease and degree of digi-
tization significantly predicted PCS and PA (3=0.274,
p<0.01) (p=0.156, p<0.01). Additionally, the product of
PA and degree of digitization significantly predicted PCS
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Fig. 4 Simple slope analysis. The blue line indicates a low level of digitization and the orange line indicates a high level of digitization. PCS, Physical

component summary
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Fig.5 Simple slope analysis. The blue line indicates a low level of digitization and the orange line indicates a high level of digitization. PA, Physical activity

(B=-0.013, p<0.01), indicating that the impact of chronic
disease on PCS through PA is moderated by the degree of
digitization.

We further examine the association between chronic
disease and PCS, as well as the relationship between PA
and PCS, using simple slope analysis at different levels of

digitization. As shown in Figs. 4 and 5, the relationship
between chronic disease and PCS, as well as PA, is signif-
icant in situations with lower levels of digitization. How-
ever, this relationship is much weaker in situations with
higher levels of digitization, indicating that the predictive
effect of chronic disease on PCS and PA decreases with
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Fig. 6 Simple slope analysis. The blue line indicates a low level of digitization and the orange line indicates a high level of digitization. PCS, Physical

component summary; PA, Physical activity

Degree of
Digitization

0.156*

MCS

Y

Chronic Disease

-0.735**

Fig. 7 Results of the moderated mediator model. PA, Physical activity.
MCS, Mental component summary

increasing levels of digitization. The results of the simple
slope analysis for the moderating effect of digitization on
the relationship between PA and PCS are shown in Fig. 6.
We found that regardless of the degree of digitization, PA
positively predicts PCS, and the relationship between PA
and PCS is more significant in situations with lower lev-
els of digitization.

Subsequently, we utilized Model 59 in the Process
procedure of SPSS to test the moderating effect of digi-
tization on the relationship between chronic disease and
MCS. The results, as shown in Table 5; Fig. 7, indicate
that the product of chronic disease and digitization sig-
nificantly predicts PA ($=0.156, p<0.01), demonstrating
that digitization has a moderating effect on the relation-
ship between chronic disease and PA.

Discussion

In this study, we investigated the correlations among
chronic disease, PA, HRQoL, and digitization, with a par-
ticular focus on examining the mediating role of PA in
the relationship between chronic disease and HRQoL, as
well as the moderating effect of digitization. The results
of our study demonstrate that the severity of chronic dis-
ease significantly negatively predicts PCS and MCS. The
degree of chronic diseases has a negative impact on PA,
and the impact of PA on PCS and MCS differs. Our find-
ings confirm that PA partially mediates the relationship
between chronic disease and PCS, while it masks the
relationship between chronic disease and MCS. More-
over, digitization significantly moderates the predictive
effect of chronic disease on PA and PCS, as well as the
predictive effect of PA on PCS.

Common chronic diseases can cause varying degrees
of impairment in HRQoL for patients [50, 51]. This not
only affects their physical well-being but also has an
impact on their mental health. In our study, the num-
ber of chronic diseases in older adults is significantly
negatively correlated with PCS, which is consistent with
previous research. Previous studies have shown that the
presence of chronic diseases in older adults increases
their likelihood of developing Activities of Daily Living
(ADLs) disabilities [52]. In China, cancer survivors over
the age of 45 have lower HRQoL compared to their peers
without cancer [53]. The findings suggest that older indi-
viduals who have a greater number of chronic illnesses
experience lower levels of physical well-being. This may
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be due to the possibility that treating one disease may
have adverse effects on another existing disease, lead-
ing to further reductions in HRQoL [54]. There is also
research demonstrating the association between chronic
diseases and adverse mental health conditions [22, 55]. A
study of older adults aged 65 and above in Canada found
a positive correlation between chronic diseases and psy-
chological distress, as well as a negative correlation with
positive mental health [56]. For patients with systemic
low-grade inflammation, the likelihood of experienc-
ing depression is higher compared to healthy individuals
[57]. These findings support our results: middle-aged and
older adults with one or more chronic diseases experi-
ence a decline in MCS as the number of their diseases
increases. However, findings from a survey in South
Australia show an inconsistency with our study, as the
number of chronic diseases in adults was not negatively
correlated with MCS [58]. One possible explanation is
that while individuals’ physical function may be signifi-
cantly affected by chronic diseases and advanced age,
their mental health can still remain at relatively high and
stable levels [59].

Our findings also confirm the mediating role of PA in
the relationship between chronic disease and HRQOL.
As an important component of a healthy lifestyle, PA
has been associated not only with enhanced physical fit-
ness and reduced risk of disease but has also been shown
to be related to improved HRQOL in older adults [60,
61]. However, many patients with chronic diseases have
physical impairments, which adversely affect their daily
life and activities, resulting in a decline in their HRQoL
[6]. Canadian adults with multiple conditions spend sig-
nificantly less time on sports activities and more time
sedentary on a daily basis [62]. Previous research has
indicated that there is a correlation between elevated
levels of systemic inflammation and impaired left ven-
tricular function with decreased PA in patients with
chronic obstructive pulmonary disease (COPD) [63].
Based on this research, we investigated the mediating
role of PA in this association and found that chronic dis-
eases indirectly affect PCS through the mediating role of
PA, indicating that chronic diseases limit certain physi-
cal activities, which in turn affects PCS. This result also
confirms previous research, demonstrating that chronic
diseases affect HRQoL by increasing deficits in physical
function and activity [7]. This suggests that middle-aged
and older adults with one or more chronic diseases can
promote the recovery of chronic diseases and improve
the PCS by engaging in PA and establishing healthy
behaviors.

On the other hand, existing studies have confirmed the
positive effects of PA on mental health [55]. In a nation-
ally representative cohort of older adults, it was found
that older adults with low-grade systemic inflammation
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had lower levels of PA, which was associated with sub-
sequently increased depressive symptoms [57]. However,
engaging in moderate to vigorous physical activities can
weaken the link between multiple chronic diseases and
adverse mental health. James A found that exercise train-
ing may effectively reduce depressive symptoms in heart
failure patients [64], emphasizing the importance of PA
in improving mental health. Interestingly, our results
differ from other studies: PA has a significant negative
predictive effect on the mental component and plays a
certain masking role in the relationship between chronic
diseases and MCS. For older adults with chronic diseases,
reducing PA may be more favorable for MCS. A study by
Underwood et al. also found that a moderate-intensity
exercise intervention for nursing home residents did not
reduce depressive symptoms. This study also indicates
that this strategy is not beneficial for improving mental
symptoms in this physically frail population [65]. This
provides some support for our research results.

Finally, our study found that higher levels of digitization
in older adults with chronic diseases alleviate the negative
predictive effects of chronic diseases on PCS and PA. On
one hand, many studies have shown that using the inter-
net is beneficial for the health of older adults. This may
be attributed to the provision of online medical services,
which improves the medical efficiency of chronic dis-
ease patients and may enhance their HRQOL [66]. Older
adults can search for health information online based
on their own physical condition, reducing their reliance
on formal care systems [67]. It has even been confirmed
that Internet use increases older people’s confidence in
using digital technology, which in turn improves their
cognitive abilities and increases their independence and
autonomy [68]. This also confirms our research. A survey
in Japan found that internet users with cancer and those
with depression and anxiety disorders were more likely
to seek health information online compared to internet
users without these conditions [69]. The internet is now
used as a method to provide various health interventions
[70], and internet-based cognitive behavioral therapy
can effectively reduce depressive symptoms and increase
PA. This shows that the use of the internet may increase
health behaviors and PA in the elderly from different per-
spectives, thereby considering encouraging older adults
with chronic diseases to use the internet to increase their
PA and therefore improve their health status.

On the other hand, we found that the degree of digi-
tization negatively moderates the positive correlation
between PA and PCS. This is consistent with previous
research findings, which may be due to the fact that the
use of the Internet occupies the social and outdoor activ-
ity time of the elderly, leading to sedentary behavior and
reduced outdoor activities, forming unhealthy habits
that are detrimental to the physical health of the elderly
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[71-73]. At the same time, the increase in Internet use
intensity often accompanies staying up late. Elderly
adults with high Internet usage frequency may spend
longer time online before sleep, increasing the time spent
staying up late [73], which is not conducive to their sleep
quality. Nevertheless, multiple studies have demonstrated
a positive correlation between the; degree of Internet use
and an increase in PA [74], which is generally beneficial
for health. Therefore, we believe that Internet use may
reduce the risk of certain chronic diseases, but it is essen-
tial to use the Internet in a healthy manner, particularly
to avoid prolonged sedentary behavior [32].

Moreover, this research has specific constraints. This is
a cross-sectional study that does not establish the precise
causal association between the number of chronic dis-
eases, HRQoL, PA, and level of digitization. Moreover,
the data in this study were collected in the form of self-
reporting, and relying solely on this method may lead to
biases and other issues, affecting the validity and reliabil-
ity of the study results due to the influence of recall and
social expectations. Therefore, future research can adopt
longitudinal data to examine the interaction of variables
in order to better understand the causal relationships
between variables. Using multiple sources of information
to collect data can also enhance the reliability of the study
results.

Conclusion

In conclusion, this study examined the relationship
between chronic diseases, PA, degree of digitization,
and the HRQoL of chronic disease patients. The study
provides cross-sectional evidence demonstrating that
chronic disease can impact the physical and mental
components of HRQoL in middle-aged and older adults
through PA. Furthermore, the degree of digitization has
a moderating effect on the negative impact of chronic
diseases on body composition and PA. This study empha-
sizes that certain chronic disease patients can improve
their functional and physical health status through PA.
Additionally, the correct use of the Internet can help
elderly adults mitigate the negative effects of chronic
diseases to a certain extent, thus this study encourages
the elderly to utilize the Internet correctly to cultivate
healthy behavioral habits. The results of this study can aid
in the creation of intervention tactics centered around
chronic illnesses, with the goal of enhancing HRQoL for
older individuals.
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