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Impact of digital health literacy on
health-related quality of life in
Chinese community-dwelling
older adults: the mediating effect
of health-promoting lifestyle

Sigi Liu®', Ya Lu ®', Dan Wang, Xiaochong He, Wei Ren,
Dehui Kong and Yu Luo ®*

School of Nursing, Army Medical University (Third Military Medical University), Chongqging, China

Background: In the context of aging and digitalization, the development and
application of digital health can help meet the growing health needs of older
adults. Improving digital health literacy of older adults may be an effective way to
alleviate the shortage of public health resources and improve their health-related
quality of life (HRQoL). However, the impact of digital health literacy on HRQoL
in older adults and the underlying mechanism remain unclear. This study intends
to explore whether digital health literacy has an effect on HRQoL in community-
dwelling older adults, and whether health-promoting lifestyle plays a mediating
role between digital health literacy and HRQoL, while providing a theoretical basis
for the scientific construction of HRQoL intervention programs for older adults.

Methods: The cross-sectional study was conducted in Chongging, China from
September 2020 to April 2021. 572 community-dwelling older adults were
surveyed by stratified sampling. Data on sociodemographic characteristics, digital
health literacy, health-promoting lifestyle and HRQoL were collected. Univariate
analysis was used to compare the differences in HRQoL among community-
dwelling older adults with different sociodemographic characteristics. Pearson
correlation analysis was used to explore the correlation between digital health
literacy, health-promoting lifestyle and HRQoL. SPSS PROCESS macro was used
to examine the mediating effect of health-promoting lifestyle between digital
health literacy and HRQoL.

Results: The mean score of HRQoL was 97.97 (SD 11.45). Univariate analysis
showed that there were statistically significant differences in HRQoL among
community-dwelling older adults with different gender, age, educational level,
marital status, and monthly household income per capita (p<0.05). There were
positive correlations between digital health literacy, health-promoting lifestyle
and HRQol, with correlation coefficients ranging from 0.416 to 0.706 (p<0.001).
Digital health literacy was positively associated with HRQoL (5=0.210, p<0.001),
and health-promoting lifestyle mediated the relationship between digital health
literacy and HRQolL, with an indirect effect of 0.175 (95% Bootstrap Cl 0.135-
0.214).

Conclusion: Digital health literacy can affect HRQoL through the mediating
effect of health-promoting lifestyle. It is suggested that relevant management
institutions, communities and families should strengthen the cultivation of the
digital health literacy of older adults, promote their development of health-
promoting lifestyle, and ultimately improve HRQoL.
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1. Introduction

Global aging is progressing at an unprecedented rate and will
further accelerate in the coming decades (1), directly resulting in a
significant increase in the demand for public health services and medical
expenditures (2). Properly solving the problem of population aging and
improving the health-related quality of life (HRQoL) of older adults have
become important issues of global concern. HRQoL is a key component
of healthy aging (3), and refers to an individual’s subjective feelings and
overall satisfaction with respect to their physical function, mental state,
and social abilities (4, 5). The results of systematic reviews confirmed
that HRQoL of older adults is closely related to sociodemographic
factors, social well-being, health status and health behaviors (6, 7).
Among them, factors such as sociodemographic characteristics and
chronic disease conditions are difficult to change. In order to effectively
improve HRQoL of older adults, it is necessary for health professionals
to seek modifiable factors as new targets to implement interventions.

The rapid advances in information and communications
technology (ICT) contribute to the increasing innovation, and
upgrading of health service mode and the emergence of digital health
offers a new idea for improving the HRQoL of older adults. Especially
during the COVID-19 pandemic, the vulnerable older adults are
advised to stay at home and try to avoid unnecessary trips by the
public health authority (8). Most of the supply to meet their needs for
health services has to shift to online (9). Digital health enables
low-cost, high-quality and prompt health care services for senior
citizens and plays an important role in maintaining their physical and
mental health (10). Digital health literacy, also known as electronic
health literacy or eHealth literacy, reflects the ability to make use of
the digital health services effectively, which is defined as an
individual’s ability to search, understand and evaluate the health
information on digital media, actively engage in the exchange and
interactions of health information, and use the acquired information
for health management and health problem-solving (11, 12). An
increasing body of evidence suggests that the digital health literacy-
related interventions can significantly improve the health of older
adults and promote healthy aging (10, 13). However, there is limited
empirical research exploring the relationship between digital health
literacy and HRQoL, merely with inconsistent conclusions. According
to the longitudinal and cross-sectional studies of Iranian older adults,
digital health literacy and HRQoL were significantly correlated (14,
15). However, the survey on American older adults showed no
significant correlation between digital health literacy and HRQoL
(16). The latest systematic review also underlined that the impact of
digital health literacy on the HRQoL of older adults is unclear and
there is still a lack of study into the underlying mechanism of
effect (17).

The Integrative Model of eHealth Use (IMeHU) suggests that
people with better digital health literacy have higher motivation and
ability to use the Internet to obtain health information, more active
online health behaviors, easier to master more health knowledge and
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form positive health beliefs and health behaviors (18). The results of
the systematic review also proved that the use of digital health tools
can stimulate positive health behaviors in older adults and promote
the development of health-promoting lifestyle (19), suggesting that
health-promoting lifestyle may be a potential mediating factor.
Health-promoting lifestyle refers to actions that individuals take the
initiative to pursue, which could benefit their health, including
health responsibility, nutrition, physical activity, interpersonal
relations, stress management, and spiritual growth (20). A previous
study on Chinese college students found that health-promoting
lifestyle played an important mediating role between health literacy
and HRQoL (21). Digital health literacy is an extension of health
literacy in the field of digital health (22). The mediating effect of
health-promoting lifestyle between digital health literacy and
HRQoL in older adults may also be established, but it remains to
be confirmed by empirical research.

As the country with the largest older adults population in the
world (23), China has 191 million people over the age of 65 (24),
where the aging situation is extremely severe. In the last decade,
Chinese government has been committed to actively promoting the
adoption of ICT into the healthcare domain (25, 26), as well as
strengthening the smart senior care industry (27). Taking Chinese
community-dwelling older adults as an example, the current study
discusses the effective ways to improve HRQoL of older adults from
the unique perspective of digital health literacy, which can provide
new ideas and methods for developing health promotion programs
to enhance HRQoL in the future. Therefore, the objective of this study
was to explore the relationship between digital health literacy and
HRQoL of older adults and factors that mediate the association, and
we developed the following priori hypotheses (Figure 1): (1) Digital
health literacy will be positively correlated with HRQoL; (2) Health-
promoting lifestyle will mediate the relationship between digital
health literacy and HRQoL.

Digital health Path ¢ HRQoL
literacy
Health-promoting
lifestyle
Path a Path b
Digital health HRQoL
literacy Path ¢’
FIGURE 1
The hypothesised model.
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2. Methods
2.1. Participants

This cross-sectional study was carried out in the main urban
areas of Chongging, China from September 2020 to April 2021. The
sample size was estimated using the formula for epidemiology

study in estimating the mean of continuous outcome:

2
_ Z1—g/2 X0 . .
n= 5 (28). According to a previous study, the

standard deviation of HRQoL in Chinese older adults was 18.29
(29). Thus, we set ¢ as 18.29 in this study. Using a=0.05,
Z, 42=1.96,8=2.00, the calculated sample size was 321. Multistage
stratified sampling method was used for sample selection. Firstly,
according to the statistics of Chongqing Statistics Bureau in 2019
(30), we categorized 9 administrative districts in main urban areas
of Chonggqing into three levels according to gross domestic product
(GDP) per capita, and 1 administrative district was randomly
selected from each category. Then 2 ~ 5 communities were selected
from each of the selected administrative districts, and a total of 10
communities were used as sample sites for the study. Lastly, older
adults who met the inclusion criteria were recruited from the
selected communities for a questionnaire survey. The inclusion
criteria were permanent residents in main urban areas of
Chongqing and aged 65 years or older. The exclusion criteria were
mental illness diagnosis, a definite diagnosis of severe physical
illness, and declining to participate.

Research group members with standardized training served as
investigators, explaining the purpose of the research to participants,
and distributing paper questionnaires after obtaining written and oral
informed consent. Questionnaires were filled out by participants
themselves. Those who had difficulty in filling in the forms themselves
were assisted by an investigator to read the questions one by one and
record their answers. Once each participant completed the
questionnaire, the investigators immediately checked on-site and asked
the participant to complete the questionnaire if there were any
omissions. In the end, A total of 600 questionnaires were distributed
and 572 valid questionnaires were obtained, with an effective recovery
rate of 95.33%. Our research was ethically approved by the Ethics
Committee of Army Medical University/Third Military Medical
University (approval number 2020-012-02). And survey administration
was conducted according to the Declaration of Helsinki.

2.2. Measures

The questionnaire contained questions regarding sociodemographic
characteristics, digital health literacy, health-promoting lifestyle,
and HRQoL.

2.2.1. Assessment of sociodemographic
characteristics

A self-designed sociodemographic information questionnaire
was used to collect data on participants’ gender, age (65-69,
70-74, 75-79 and > 80 years), education level (primary school or
below, junior high school, senior high school, college or above),
marital status (with spouse or without spouse), and monthly
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household income per capital (<1,000, 1,000-2,999, 3,000-4,999,
>5,000).

2.2.2. Digital health literacy assessment scale for
community-dwelling older adults (DHLAS)

Digital Health Literacy Assessment Scale for community-dwelling
older adults was developed by our research group in the previous
research (see Supplementary material for complete scale) (31). It was
the first original digital health literacy assessment tool targeted for
Chinese older adults, based on the digital health background and
digital devices usage characteristics of older adults in China, and
proven to be with good internal consistency (0.941), spilt-half
reliability (0.889), test-retest reliability (0.941), content validity
(0.967), criterion validity (0.938) and construct validity. The scale
included 3 dimensions of digital health information acquisition and
evaluation ability (9 items), digital health information interaction
ability (3 items), and digital health information application ability (3
items), with a total of 15 items. Answers were based on a 5-point
Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly
agree”). The total score was 15-75 points. Higher scores indicate a
higher level of digital health literacy. Cronbach’s « coefficient for the
total scale in this study was 0.959.

2.2.3. Health promoting lifestyle profile-Il, revise
(HPLP-1IR)

Health Promoting Lifestyle Profile (HPLP) was developed by
Walker et al. (32) to measure individual health promotion behaviors.
This study employed the Chinese revised version by Cao et al. (33),
with a total of 40 items, including 6 dimensions of physical activity (8
items), health responsibility (11 items), stress management (5 items),
nutrition (6 items), interpersonal relations (5 items) and spiritual
growth (5 items). The scale used a 4-point Likert scale ranging from 1
(“never”) to 4 (“always”). The total score was 40-160 points. Higher
scores indicate a healthier lifestyle. The instrument has been validated
for use in Chinese older adults, the reliability of which has been
reported with a Cronbach’s « coefficient 0.82 for total scale (34). In this
study, Cronbach’s « coeflicient was 0.926.

2.2.4. 12-item short form health survey (SF-12)

12-item short form health survey (SF-12), the abbreviated
version of the 36-item short form health survey (SF-36), was
developed by the health Institute of New England Medical Center
to assess HRQoL (35). The scale is consisted of 12 items, including
8 dimensions, namely general health (GH), physical functioning
(PF), role physical (RP), bodily pain (BP), role emotional (RE),
vitality (VT), mental health (MH) and social functioning (SF). The
first four dimensions were combined into the physical component
summary (PCS), while the last four dimensions were combined
into the mental component summary (MCS). PCS and MCS were
scored with a mean of 50 and a SD of 10, ranging from 0 to 100 in
the general population (35, 36), reflecting individual’s physical and
mental health status, respectively. According to the score criteria,
the total score was transformed into standard scores, with higher
score indicating better HRQoL. Chinese version SF-12 has been
verified to have good reliability and validity when applying to the
health status evaluation of Chinese community-dwelling older
adults, with Cronbach’s a coeflicient of 0.910 (37). The Cronbach’s
a coefficient in this study was 0.884.
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2.3. Data analysis

Data was analysed with SPSS 23.0. Continuous variables
conforming to normal distribution (such as digital health literacy,
health-promoting lifestyle, and HRQoL, etc.) were described by means
+ standard deviation (SD), and categorical variables (such as gender,
education level, etc.) were described by N (%). Independent sample t
test and one-way analysis of variance (ANOVA) were used to compare
the differences of HRQoL among community-dwelling older adults
with different sociodemographic characteristics. Pearson correlation
analysis was used to explore the correlation between digital health
literacy, health-promoting lifestyle and HRQoL of older adults.

The hypothesized mediation model (Figure 1) was examined
via the PROCESS macro in SPSS (38), which is widely used to test
the mediating effects in current studies (9, 39). We used the digital
health literacy as the prediction variable, health-promoting
lifestyle as the mediator variable, and HRQoL as the outcome
variable. Meanwhile, sociodemographic factors, including gender,
age, education level, marital status, and monthly household
income per capital, were used as covariates in the analyses to
overcome the potential confounding effects. The coefficient ¢’ was
the direct effect of digital health literacy on HRQoL. Digital health
literacy might also indirectly influence HRQoL through health-
promoting lifestyle, the effects of which were captured by the
produce of coefficients a and b (a xb). Coefficient ¢ was the total
effect of digital health literacy on HRQoL, namely ¢’ +a x b. Point

10.3389/fpubh.2023.1200722

estimates were based on 5,000 bootstrap samples, and 95%
confidence intervals (CI) were constructed. An indirect effect was
considered significant if the CI did not contain zero. All statistical
tests were two-tailed and statistical significance for all analysis was
set at 0.05.

3. Results

3.1. Sociodemographic characteristics and
HRQoL status of samples

This study included 572 community-dwelling older adults with a
mean age of 70.93 (SD 5.51) years, ranging from 65 to 88 years. More
than half of participants only had junior high school education or
below (388/572, 67.83%). Among all participants, the mean score of
HRQoL was 97.97 (SD 11.45), in which the mean score of PCS was
44.70 (SD 9.45), and the MCS was 53.26 (SD 6.81). The results of
univariate analysis indicated that there were statistically significant
differences in HRQoL among older adults with different gender, age,
education level, marital status, and monthly household income per
capita (p<0.05). Female, 70years old and above, without spouse,
primary school education or below, monthly household income per
capita below 1,000 yuan, are the characteristics older adults with
which have a lower level of HRQoL compared with other groups. For
further details, see Table 1.

TABLE 1 The status of HRQoL by different sociodemographic characteristics (N =572).

Characteristics

Gender 2.232 0.026

Male 273 (47.73%) 99.08 +£11.28

Female 299 (52.27%) 96.95 £ 11.53

Age (years) 10.853 <0.001

65-69* 283 (49.48%) 100.46 + 10.04 a>b,c,d
70-74° 144 (25.17%) 96.44 £ 11.70

75-79¢ 92 (16.08%) 95.81 £ 12.09

>80¢ 53 (9.27%) 92.57 +13.53

Education level 12.214 <0.001

Primary school or below® 202 (35.31%) 94.36 + 12.38 a<b,c,d
Junior high school® 186 (32.52%) 98.84 +10.56

Senior high school* 114 (19.93%) 101.27 £ 10.75

College and above! 70 (12.24%) 100.68 +9.18

Marital status 2.959 0.003

With spouse 444 (77.62%) 98.80 £ 10.87

Without spouse 128 (22.38%) 95.09 + 12.92

Monthly household income per capita (RMB) 12.359 <0.001

<1000* 42 (7.34%) 90.50 £ 11.78 a<b,c,d
1,000-2999° 216 (37.76%) 96.66 + 12.15 b<d
3,000-4999¢ 242 (42.31%) 99.03 £ 10.67 c<d
>5000¢ 72 (12.59%) 102.68 + 8.72

The lowercase letters a,b,c and d represent different groups of the characteristics of different age, education level and monthly household income per capita.
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TABLE 2 Correlations (r) between digital health literacy, health-promoting lifestyle, and HRQoL (N =572).

10.3389/fpubh.2023.1200722

Variables Mean+SD 1 2

1.Digital health literacy 37.10 + 18.65 1 -

2.Health-promoting lifestyle 109.53 + 16.64 0.706%** 1

3.HRQoL 97.97 £ 11.45 0.416%** 0.5077%%*
##%p <0.001.

TABLE 3 Multivariate linear regression analysis for the association among digital health literacy, health-promoting lifestyle, and HRQoL (N =572).

Model 1 (HRQol)

Model 2 (Health-promoting

Model 3 (HRQol)

Variables lifestyle)
t p value B (SE) t p value B (SE) t p value

Gender —1.613 (0.905) —1.782 0.075 5.411(0.997) 5.428 <0.001 —3.364 (0.869) —3.874 <0.001
Age —0.279 (0.086) —3.259 0.001 0.038 (0.094) 0.401 0.689 —0.291 (0.080) —3.637 <0.001
Education level —0.309 (0.549) —0.563 0.574 1.768 (0.605) 2.926 0.004 —0.882 (0.517) —1.704 0.089
Marital status —0.681 (1.117) —0.610 0.542 —2.464 (1.230) —2.004 0.046 0.117 (1.048) 0.112 0.911
Monthly household income

1.295 (0.669) 1.935 0.054 2.180 (0.737) 2.958 0.003 0.589 (0.631) 0.934 0.351
per capita
Digital health literacy 0.210 (0.029) 7.280 <0.001 0.541 (0.032) 17.006 <0.001 0.035 (0.033) 1.061 0.289
Health-promoting lifestyle 0.324 (0.036) 9.057 <0.001
R 0.202 0.542 0.303
F 23.811 (p <0.001) 111.455 (p <0.001) 35.056 (p <0.001)

TABLE 4 Mediation analyses of health-promoting lifestyle in the
association between digital health literacy and HRQolL.

Effect 95% Bootstrap
Bootstrap Cl SE
Total effect (c) 0.210 (0.152, 0.269) 0.030
Direct effect (¢") 0.035 (—0.028, 0.099) 0.032
Indirect effect (axb) 0.175 (0.135,0.214) 0.021

3.2. Correlations between digital health
literacy, health-promoting lifestyle, and
HRQolL

Pearson’s r correlation analysis indicated that digital health literacy
and health-promoting lifestyle were significantly positively associated
with HRQoL (r=0.416, p<0.001; r=0.507, p<0.001). Meanwhile,
digital health literacy was also significantly positively associated with
health-promoting lifestyle (r=0.706, p<0.001) (Table 2). The
significant correlation between the three variables suggested that the
relationship between the variables could be further analysed and
explained by establishing a model for regression analysis.

3.3. Mediation test for health-promoting
lifestyle

Tables 3, 4 and Figure 2 presented the mediation analysis result
based on the PROCESS macro. After controlling sociodemographic
factors, the total effect of digital health literacy on HRQoL was
significant (¢=0.210, p<0.001). Then putting the mediation variable
of health-promoting lifestyle into the model, the direct effect was
statistically non-significant (¢’=0.035, p>0.05). In addition, digital
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health literacy had a significant predictive effect on health-promoting
lifestyle (a=0.541, p<0.001), and the predictive effect of health-
promoting lifestyle on HRQoL was also significant (b=0.324,
p<0.001). We further generated 5,000 bootstrapping samples from the
original dataset by random sampling to assess the size of the indirect
effect. The results indicated that this indirect effect (axb) was 0.175,
with a 95% CI from 0.135 to 0.214. The bootstrap 95% CI did not
conclude zero, revealing that the mediating effect was statistically
significant. Thus, health-promoting lifestyle mediated the association
between digital health literacy and HRQoL, and the model accounted
for 30.3% of the total variance of HRQoL.

4. Discussion

In the context of aging and digitalization, this study taking
Chinese community-dwelling older adults as example, explored and
confirmed the impact of digital health literacy on HRQoL of older
adults and the mediating effect of health-promoting lifestyle in the
relationship. It has important reference value for future theoretical and
practical research on improving HRQoL for older adults.

Our findings revealed a significant difference in the HRQoL
score of older adults by gender, age, education level, marital status,
and monthly household income per capita, which was consistent
with the results of previous studies (40-42). These identified
non-modifiable factors can be used to determine which individuals
are at risk of poor HRQoL, and to identify the vulnerable
population that health professionals need to target. In health
education, we should pay high attention to population who are
female, aged 70 and older, have no partner, only received primary
education or below, with a monthly household income per capita
less than 1,000 yuan and deliver more health interventions to
improve their HRQoL.
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Digital health 0.210"*
1gital hea HRQoL
literacy
Health-promoting
lifestyle
0.541/ \).324***
Digital health
1g1tal hea HRQoL
literacy 0.035
FIGURE 2
Health-promoting lifestyle mediated the association of digital health
literacy and HRQoL. ***p < 0.001

This study found that digital health literacy was positively
correlated with HRQoL of community-dwelling older adults, which
confirmed Hypothesis 1. The possible explanation is that in the
context of the digital health era, higher digital health literacy means
more varied health information resources and more efficient digital
health services. In the daily life, more health information resources
will help older adults change their wrong health awareness and health
lifestyle, to build more positive health behaviors and maintain better
health (43). When seeking health services, the older adults who are
skilled in using digital health services will be able to manage their
health in a more efficient manner and communicate with health
personnels in real time so that they can be provided with more
comprehensive and customized health services to help with disease
treatment and management (44). During the COVID-19 pandemic,
conventional offline diagnosis and treatment are restricted and the
impact of digital health literacy on HRQoL has been further expanded.
The older adults who lack of digital health literacy are unable to make
effective use of online health information platforms, telemedicine
service and other digital health services, thus it becomes extremely
inconvenient for them to get daily health consultations, purchase
drugs and so on (45). At the same time, faced with massive and
complicated information about the pandemic, it is hard to identify the
real information from the wrong one and older adults are highly
susceptible to negative emotions like fear and anxiety which have a
great impact on their health, both physically and mentally (46).
Therefore, older adults as the vulnerable group in the Internet age are
affected far more than other groups in HRQoL because of lacking
digital health literacy. Health professionals should give sufficient
attention to them.

This study also found that health-promoting lifestyle fully
mediated the association between digital health literacy and
HRQoL of community-dwelling older adults, which preliminarily
elucidated the mechanism of association between digital health
literacy and HRQoL, and confirmed Hypothesis 2. The mediating
effect was mainly divided into two stages, namely, (1) digital health
literacy had a positive effect on health-promoting lifestyle, and (2)
health-promoting lifestyle had a positive effect on HRQoL. Both
stages have been confirmed in previous studies as ample literature
support for this study (14, 47-50). Meanwhile, it is worth
emphasizing that this study adopted DHLAS based on the current
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context of the Internet in China and the characteristics of digital
devices usage among older adults to assess digital health literacy,
which is different from former universal scale survey and is a
further expansion of previous research conclusions. The mediating
effect of health-promoting lifestyle between digital health literacy
and HRQoL can be explained by Andersen’s Behavioral Model of
Health Services Use (51). This model emphasizes that individual
characteristics is an antecedent variable influencing health
behaviors and health outcomes. It can either directly affect health
outcomes or indirectly affect health outcomes by influencing health
behaviors (52). Enabling resources in the dimension of individual
characteristics refers to the availability of health service resources
and the ability of individuals to access health services (53). Digital
health literacy can be seen as one of the key competencies. It can
be inferred based on this model that older adults with higher digital
health literacy are more confident in using digital health services
and more active in accessing effective health resources through
digital media, thereby improving their awareness of health
management and adoption of science-based health management
behaviors, developing more positive health-promoting lifestyle that
in return improve HRQoL.

This study has important theoretical and practical implications for
improving HRQoL of community-dwelling older adults. First, this
study evaluates the digital health literacy of older adults with an
original designed tool based on the characteristics of older adults
digital health behaviours to fill the gap in the literature, expounding
the relationship between digital health literacy and HRQoL of older
adults, and enrich the conclusions of previous studies. Second, this
study explores and confirms the important mediating effect of health-
promoting lifestyle between digital health literacy and HRQoL of
older adults with a new perspective. Third, this study may provide new
ideas for the interventions to improve HRQoL for older adults. The
findings suggest that in the future health professionals may intervene
in HRQoL of older adults from the perspectives of digital health
literacy and health-promoting lifestyle. On the one hand, communities
should carry out normalized digital health literacy training. By
building community exchange and mutual assistance platforms
combined with family guidance, the digital health literacy of older
adults can be jointly promoted to help them obtain and apply health
information more efficiently, and promote the transformation of
health behaviors. On the other hand, health professionals should
strengthen daily health education to guide older adults to adopt a
healthy lifestyle such as doing physical exercises and keeping a
balanced diet, so as to enhance HRQoL.

This study has certain limitations. First, our research is cross-
sectional, which makes it impossible to clarify the causal relationship
and direction of effect among digital health literacy, health-promoting
lifestyle and HRQoL. Longitudinal or intervention studies could
be conducted in the future to further confirm the longitudinal
association or causality between them. Second, this study was only
conducted in Chongqing, China. Considering that individual digital
health literacy level and HRQoL status are closely related to local
economic development level, we should pay attention to the
extrapolation of the research results. In future studies, the sample size
should be further expanded and a large-scale cross-regional survey
should be conducted to make the research results more representative.
Third, this study used self-report measures, which may have some
information bias.
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5. Conclusion

This study focuses on the impact of digital health literacy on
HRQoL of community-dwelling older adults and explores the
mediating effect of health-promoting lifestyle in a creative way by
constructing and confirming the mediation model. To some extent,
this enriches the perspectives of digital health literacy study and offers
an updated idea for improving HRQoL of community-dwelling older
adults. Relevant regulatory authorities, communities, and families are
prompted to endeavor to raise the digital health literacy of older
adults, broaden access to health information and build up their ability
to apply it in the future, assist with the development of health-
promoting lifestyle, and help them fully enjoy the convenience of
digital health to improve HRQoL and promote healthy aging.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethical committees of Army Medical University/Third
Military Medical University. The patients/participants provided their
written informed consent to participate in this study.

References

1. World Health Organization. Decade of healthy aging 2020-2030. (2021). Available
at: https://www.who.int/docs/default-source/decade-of-healthy-ageing/full-decade-
proposal/decade-proposal-fulldraft-en.pdf (Accessed February 26, 2021).

2. Picco L, Achilla E, Abdin E, Chong SA, Vaingankar JA, Mccrone P, et al. Economic
burden of multimorbidity among older adults: impact on healthcare and societal costs.
BMC Health Serv Res (2016) 16:173. doi: 10.1186/s12913-016-1421-7

3. Buehler R, Simpkins C, Yang F. Effects of vibration training on quality of life in
older adults: a preliminary systematic review and meta-analysis. Qual Life Res (2022)
31:3109-22. doi: 10.1007/s11136-022-03135-w

4. Ferrans CE, Zerwic JJ, Wilbur JE, Larson JL. Conceptual model of health-related
quality of life. ] Nurs Scholarsh (2005) 37:336-42. doi: 10.1111/j.1547-5069.2005.00058.x

5. Wang H, Beyer M, Gensichen J, Gerlach FM. Health-related quality of life among
general practice patients with differing chronic diseases in Germany: cross sectional
survey. BMC Public Health (2008) 8:246. doi: 10.1186/1471-2458-8-246

6. Chen Y, Hicks A, While AE. Quality of life of older people in China: a systematic
review. Rev Clin Gerontol (2013) 23:88-100. doi: 10.1017/50959259812000184

7. Poursadeqiyan M, Arefi MF, Pouya AB, Jafari M. Quality of life in health Iranian
elderly population approach in health promotion: a systematic review. /] Educ Health
Promot (2021) 10:449. doi: 10.4103/jehp.jehp_1546_20

8. Yang G, Lin X, Fang A, Zhu H. Eating habits and lifestyles during the initial stage
of the COVID-19 lockdown in China: a cross-sectional study. Nutrients (2021) 13:970.
doi: 10.3390/nu13030970

9. Green G, Tesler R, Sharon C. Perceived efficiency outcomes, sources and awareness
of online health information among the elderly during COVID-19. Int ] Environ Res
Public Health (2021) 18:8121. doi: 10.3390/ijerph18158121

10. Buyl R, Beogo I, Fobelets M, Deletroz C, Van Landuyt P, Dequanter S, et al.
E-health interventions for healthy aging: a systematic review. Syst Rev (2020) 9:9. doi:
10.1186/s13643-020-01385-8

11. Bittlingmayer UH, Dadaczynski K, Sahrai D, van den Broucke S, Okan O. Digital
health literacy—conceptual contextualization, measurement, and promotion.
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz (2020) 63:176-84. doi:
10.1007/s00103-019-03087-6

12. Norman CD, Skinner HA. Ehealth literacy: essential skills for consumer health in
a networked world. ] Med Internet Res (2006) 8:€9. doi: 10.2196/jmir.8.2.e9

Frontiers in Public Health

10.3389/fpubh.2023.1200722

Author contributions

YuL obtained funding for the study. SL, YaL, and YuL conceived
and designed the study. DW, XH, and WR coordinated the study. SL,
YaL, DW, XH, and WR collected the data. SL, DK analysed and
interpreted the data. SL and YaL drafted the manuscript. YuL and DK
revised the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

The research was supported by the National Social Science Fund
of China (Grant No. 19XRK001).

Conflict of interest

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

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1200722/
full#supplementary-material

13. Bevilacqua R, Strano S, Di Rosa M, Giammarchi C, Cerna KK, Mueller C, et al.
Ehealth literacy: from theory to clinical application for digital health improvement.
Results from the access training experience. Int ] Environ Res Public Health (2021)
18:11800. doi: 10.3390/ijerph182211800

14. Filabadi ZR, Estebsari F, Milani AS, Feizi S, Nasiri M. Relationship between
electronic health literacy, quality of life, and self-efficacy in Tehran, Iran: a community-
based study. ] Educ Health Promot (2020) 9:175. doi: 10.4103/jehp.jehp_63_20

15. Lin C, Ganji M, Griffiths MD, Bravell ME, Brostrém A, Pakpour AH. Mediated
effects of insomnia, psychological distress and medication adherence in the association
of ehealth literacy and cardiac events among Iranian older patients with heart failure: a
longitudinal ~ study. Eur ] Cardiovasc Nurs (2020) 19:155-64. doi:
10.1177/1474515119873648

16. Arcury TA, Sandberg JC, Melius KP, Quandt SA, Leng X, Latulipe C, et al. Older
adult internet use and ehealth literacy. J Appl Gerontol (2020) 39:141-50. doi:
10.1177/0733464818807468

17. Xie L, Zhang S, Xin M, Zhu M, Lu W, Mo PK. Electronic health literacy and health-
related outcomes among older adults: a systematic review. Prev Med (2022) 157:106997.
doi: 10.1016/j.ypmed.2022.106997

18. Bodie GD, Dutta MJ. Understanding health literacy for strategic health marketing:
ehealth literacy, health disparities, and the digital divide. Health Mark Q (2008)
25:175-203. doi: 10.1080/07359680802126301

19. Kampmeijer R, Pavlova M, Tambor M, Golinowska S, Groot W. The use of e-health
and m-health tools in health promotion and primary prevention among older adults: a
systematic literature review. BMC Health Serv Res (2016) 16:290. doi: 10.1186/
s12913-016-1522-3

20. Walker SN, Sechrist KR, Pender NJ. The health-promoting lifestyle profile:
development and psychometric characteristics. Nurs Res (1987) 36:76-81. doi:
10.1097/00006199-198703000-00002

21.Hua L, Zhou XY, Huang XH. Path analysis of health literacy, health related
behavior and quality of life among college students in Hangzhou. Chin ] School Health
(2018) 39:1469-71. doi: 10.16835/j.cnki.1000-9817.2018.10.009

22.Hanik B, Stellefson M. E-health literacy competencies among undergraduate
health education students: a preliminary study. Int Electron ] Health Educ (2011)
14:46-58.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1200722
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1200722/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1200722/full#supplementary-material
https://www.who.int/docs/default-source/decade-of-healthy-ageing/full-decade-proposal/decade-proposal-fulldraft-en.pdf
https://www.who.int/docs/default-source/decade-of-healthy-ageing/full-decade-proposal/decade-proposal-fulldraft-en.pdf
https://doi.org/10.1186/s12913-016-1421-7
https://doi.org/10.1007/s11136-022-03135-w
https://doi.org/10.1111/j.1547-5069.2005.00058.x
https://doi.org/10.1186/1471-2458-8-246
https://doi.org/10.1017/S0959259812000184
https://doi.org/10.4103/jehp.jehp_1546_20
https://doi.org/10.3390/nu13030970
https://doi.org/10.3390/ijerph18158121
https://doi.org/10.1186/s13643-020-01385-8
https://doi.org/10.1007/s00103-019-03087-6
https://doi.org/10.2196/jmir.8.2.e9
https://doi.org/10.3390/ijerph182211800
https://doi.org/10.4103/jehp.jehp_63_20
https://doi.org/10.1177/1474515119873648
https://doi.org/10.1177/0733464818807468
https://doi.org/10.1016/j.ypmed.2022.106997
https://doi.org/10.1080/07359680802126301
https://doi.org/10.1186/s12913-016-1522-3
https://doi.org/10.1186/s12913-016-1522-3
https://doi.org/10.1097/00006199-198703000-00002
https://doi.org/10.16835/j.cnki.1000-9817.2018.10.009

Liu et al.

23. United Nations, Department of Economic and Social Affairs, Population Division.
World population ageing 2019 (st/esa/ser.A/444). (2020). Available at: https://www.un.
org/en/development/desa/population/publications/pdf/ageing/
WorldPopulationAgeing2019-Report.pdf (Accessed December 15, 2021).

24. The National Bureau of Statistics of the People's Republic of China. The seventh
national population census bulletin of the people’s Republic of China. (2021). Available at:
http://www.stats.gov.cn/ztjc/zdtjgz/zgrkpc/dqerkpe/ggl/202105/t20210519_1817698.
html (Accessed October 27, 2021).

25. Hong YA, Zhou Z. A profile of ehealth behaviors in China: results from a national
survey show a low of usage and significant digital divide. Front Public Health (2018)
6:274. doi: 10.3389/fpubh.2018.00274

26. Zhao ], Zhang Z, Guo H, Li Y, Xue W, Ren L, et al. E-health in China: challenges,
initial directions, and experience. Telemed ] E Health (2010) 16:344-9. doi: 10.1089/
tmj.2009.0076

27. Ministry of Industry and Information Technology, Ministry of Civil Affairs,
National Health Commission of the People's Republic of China. Action plan for the
development of smart health and elderly care industry (2021-2025). (2021). Available at:
http://www.nhc.gov.cn/lljks/zcwj2/202110/597c48d327744dc1976cfob6972e5a4f shtml
(Accessed December 17, 2021).

28. Hajian-Tilaki K. Sample size estimation in epidemiologic studies. Caspian ] Intern
Med (2011) 2:289-98.

29. Feng X. The relevant research among depression, psychological capital, and quality
of life among community elderly. Jinzhou: Jinzhou Medical University (2017).

30. Chongqing Statistics Bureau of the People's Republic of China. (2020). 2019
Chongqing statistical yearbook. Chonggqing. Available at: http://tjj.cq.gov.cn/zwgk_233/
1jnj/202012/t20201214_8606164.html (Accessed June 4, 2022).

31. Liu SQ, FuJJ, Kong DH, Zhong Z, Gu CY, Luo Y. Development and reliability and
validation test of the digital health literacy assessment scale for the community-dwelling
elderly. Chin Nurs Res (2021) 35:4169-74. doi: 10.12102/j.issn.1009-6493.2021.23.006

32. Walker SN, Sechrist KR, Pender NJ. Health promotion model - instruments to
measure health promoting lifestyle: Health-promoting lifestyle profile [HPLP II] (adult
version). (1995) Available at: https://deepblue.lib.umich.edu/handle/2027.42/85349
(Accessed June 19, 2021).

33. Cao WJ, Guo Y, Ping WW, Zheng JZ. Development and psychometric tests of a
Chinese version of the HPLP-II scales. Chin ] Dis Control Prev (2016) 20:286-9. doi:
10.16462/j.cnki.zhjbkz.2016.03.018

34. Zhou W, Chen D, Hong Z, Fan H, Liu S, Zhang L. The relationship between health-
promoting lifestyles and depression in the elderly: roles of aging perceptions and social
support. Qual Life Res (2020) 30:721-8. doi: 10.1007/s11136-020-02674-4

35. Ware JE, Kosinski M, Keller SD. SF-12: How to score the SF-12 physical and mental
health summary scales. Boston, MA: The health Institute, New England Medical Center
(1995).

36. Jenkinson C, Layte R, Jenkinson D, Lawrence K, Petersen S, Paice C, et al. A shorter
form health survey: can the SF-12 replicate results from the SF-36 in longitudinal studies? J
Public Health Med (1997) 19:179-86. doi: 10.1093/oxfordjournals.pubmed.a024606

37.Shou J, Ren L, Wang H, Yan F, Cao X, Wang H, et al. Reliability and validity of
12-item short-form health survey (SF-12) for the health status of Chinese community
elderly population in Xujiahui district of Shanghai. Aging Clin Exp Res (2016) 28:339-46.
doi: 10.1007/s40520-015-0401-9

Frontiers in Public Health

08

10.3389/fpubh.2023.1200722

38. Hayes AF. Introduction to mediation, moderation, and conditional process analysis:
a regression-based approach (the third edition). New York: Guilford Press (2022).

39. Zhang C, Xiao S, Lin H, Shi L, Zheng X, Xue Y, et al. The association between sleep
quality and psychological distress among older Chinese adults: a moderated mediation
model. BMC Geriatr (2022) 22:35. doi: 10.1186/s12877-021-02711-y

40. Krawczyk-Suszek M, Kleinrok A. Health-related quality of life (HRQoL) of people
over 65 years of age. Int ] Environ Res Public Health (2022) 19:625. doi: 10.3390/
ijerph19020625

41. Ma X, Mcghee SM. A cross-sectional study on socioeconomic status and health-
related quality of life among elderly Chinese. BMJ Open (2013) 3:e2418. doi: 10.1136/
bmjopen-2012-002418

42. Marzo RR, Khanal P, Ahmad A, Rathore FA, Chauhan S, Singh A, et al. Quality of
life of the elderly during the COVID-19 pandemic in Asian countries: a cross-sectional
study across six countries. Life (2022) 12:365. doi: 10.3390/1ife12030365

43. Chai X. How has the nationwide public health emergency of the COVID-19
pandemic affected older Chinese adults' health literacy, health behaviors and practices,
and social connectedness? Qualitative evidence from urban China. Front Public Health
(2021) 9:774675. doi: 10.3389/fpubh.2021.774675

44, van Middelaar T, Beishuizen CRL, Guillemont J, Barbera M, Richard E, Moll Van
Charante EP. Engaging older people in an internet platform for cardiovascular risk self-
management: a qualitative study among DUTCH HATICE participants. BMJ] Open
(2018) 8:19683. doi: 10.1136/bmjopen-2017-019683

45.von Humboldt S, Low G, Leal I. Health service accessibility, mental health, and
changes in behavior during the COVID-19 pandemic: a qualitative study of older adults.
Int ] Environ Res Public Health (2022) 19:4277. doi: 10.3390/ijerph19074277

46. Delgado CE, Silva EA, Castro E, Carbogim F, Puschel V, Cavalcante RB. COVID-19
infodemic and adult and elderly mental health: a scoping review. Rev Esc Enferm USP
(2021) 55:€20210170. doi: 10.1590/1980-220X-REEUSP-2021-0170

47.1i S, Yin Y, Cui G, Xu H. The associations among health-promoting lifestyle,
ehealth literacy, and cognitive health in older Chinese adults: a cross-sectional study. Int
] Environ Res Public Health (2020) 17:2263. doi: 10.3390/ijerph17072263

48. Qin W, Blanchette JE, Murrock C. Exploring the relationship between lifestyle
behaviors and health-related quality of life among older adults with diabetes. Diabetes
Educ (2019) 45:96-104. doi: 10.1177/0145721718816630

49. Zhang S, Tao E, Ueda A, Wei C, Fang J. The influence of health-promoting lifestyles
on the quality of life of retired workers in a medium-sized city of northeastern China.
Environ Health Prev Med (2013) 18:458-65. doi: 10.1007/s12199-013-0342-x

50.Li §J, Cui GH, Yin YT, Wang SY, Liu XY, Chen L. Health-promoting behaviors
mediate the relationship between eHealth literacy and health-related quality of life
among Chinese older adults: a cross-sectional study. Qual Life Res (2021) 30:2235-43.
doi: 10.1007/s11136-021-02797-2

51. Andersen RM. National health surveys and the behavioral model of health services
use. Med Care (2008) 46:647-53. doi: 10.1097/MLR.0b013e31817a835d

52. Andersen RM, Davidson PL, Baumeister SE. Improving access to care in America:
individual and contextual indicators. In: Changing the US health care system: Key issues
in health services policy and management. San Francisco: Jossey-Bass (2014). 3-31.

53. Travers JL, Hirschman KB, Naylor MD. Adapting Andersen’s expanded behavioral
model of health services use to include older adults receiving long-term services and
supports. BMC Geriatr (2020) 20:58. doi: 10.1186/s12877-019-1405-7

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1200722
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
http://www.stats.gov.cn/ztjc/zdtjgz/zgrkpc/dqcrkpc/ggl/202105/t20210519_1817698.html
http://www.stats.gov.cn/ztjc/zdtjgz/zgrkpc/dqcrkpc/ggl/202105/t20210519_1817698.html
https://doi.org/10.3389/fpubh.2018.00274
https://doi.org/10.1089/tmj.2009.0076
https://doi.org/10.1089/tmj.2009.0076
http://www.nhc.gov.cn/lljks/zcwj2/202110/597c48d327744dc1976cf9b6972e5a4f.shtml
http://tjj.cq.gov.cn/zwgk_233/tjnj/202012/t20201214_8606164.html
http://tjj.cq.gov.cn/zwgk_233/tjnj/202012/t20201214_8606164.html
https://doi.org/10.12102/j.issn.1009-6493.2021.23.006
https://deepblue.lib.umich.edu/handle/2027.42/85349
https://doi.org/10.16462/j.cnki.zhjbkz.2016.03.018
https://doi.org/10.1007/s11136-020-02674-4
https://doi.org/10.1093/oxfordjournals.pubmed.a024606
https://doi.org/10.1007/s40520-015-0401-9
https://doi.org/10.1186/s12877-021-02711-y
https://doi.org/10.3390/ijerph19020625
https://doi.org/10.3390/ijerph19020625
https://doi.org/10.1136/bmjopen-2012-002418
https://doi.org/10.1136/bmjopen-2012-002418
https://doi.org/10.3390/life12030365
https://doi.org/10.3389/fpubh.2021.774675
https://doi.org/10.1136/bmjopen-2017-019683
https://doi.org/10.3390/ijerph19074277
https://doi.org/10.1590/1980-220X-REEUSP-2021-0170
https://doi.org/10.3390/ijerph17072263
https://doi.org/10.1177/0145721718816630
https://doi.org/10.1007/s12199-013-0342-x
https://doi.org/10.1007/s11136-021-02797-2
https://doi.org/10.1097/MLR.0b013e31817a835d
https://doi.org/10.1186/s12877-019-1405-7

	Impact of digital health literacy on health-related quality of life in Chinese community-dwelling older adults: the mediating effect of health-promoting lifestyle
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Measures
	2.2.1. Assessment of sociodemographic characteristics
	2.2.2. Digital health literacy assessment scale for community-dwelling older adults (DHLAS)
	2.2.3. Health promoting lifestyle profile-II, revise (HPLP-IIR)
	2.2.4. 12-item short form health survey (SF-12)
	2.3. Data analysis

	3. Results
	3.1. Sociodemographic characteristics and HRQoL status of samples
	3.2. Correlations between digital health literacy, health-promoting lifestyle, and HRQoL
	3.3. Mediation test for health-promoting lifestyle

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

