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Abstract

Background: The ageing of the population and the digitalisation of information are currently developing in parallel worldwide.
The rapid development of digital health has created a digital inequality for many older patients with chronic diseases. The
generally low level of digital health literacy (DHL) among older patients with non-communicable diseases (NCDs) cannot be
ignored. Although some studies have investigated the factors influencing digital health literacy in older patients with NCDs, few
studies have examined the causal relationship between different combinations of factors and DHL from a configurational
perspective.

Objective: To analyse the causal relationship between different combinations of factors and the level of digital health literacy in
older patients with NCDs, in order to clarify the path of digital health literacy improvement in older patients with NCDs.

Methods: In this study, older patients with NCDs were recruited from September to December 2023 using convenience
sampling method. Fuzzy-set qualitative comparative analysis (fs-QCA) was then employed by conducting necessity and
sufficiency analysis.

Results: A total of 538 older patients with NCDs participated in the survey. The necessity analysis showed that digital health
literacy in older patients with NCDs doesn't have the necessary conditions. Sufficiency analyses generated six different groups of
digital health literacy for older patients with NCDs. Of these six pathways, the combination of high educational attainment, lower
number of NCDs, high health concern, and positive attitudes towards digital technology is the most important path. In addition,
we analyzed the sufficiency of the three dimensions of digital health literacy to derive the most important pathways for each of
the three different dimensions.

Conclusions: The results of this study differ from those reported in traditional regression analyses or path analyses. It considers
the combined effect of each of the different variables on the level of digital health literacy of older patients with NCDs. This
suggests that health workers should consider a combination of influences rather than focusing on a single factor
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Configurational analysis of improving digital health literacy among older patients with

non-communicable diseases: A fuzzy-set qualitative comparative analysis

Abstract

Background: The ageing of the population and the digitalisation of information are currently

developing in  parallel  worldwide.  The rapid  development  of  digital  health  has  created  a  digital

inequality for many older patients with chronic diseases. The generally low level of digital health

literacy (DHL) among older patients with non-communicable diseases (NCDs) cannot be ignored.

Although  some  studies  have  investigated  the  factors  influencing  digital  health  literacy  in  older

patients  with  NCDs,  few  studies  have  examined  the  causal  relationship  between  different

combinations of factors and DHL from a configurational perspective.

Objectives:  To analyse the causal relationship between different combinations of factors and

the level of digital health literacy in older patients with NCDs, in order to clarify the path of digital

health literacy improvement in older patients with NCDs. 

Methods: In this study, older patients with NCDs were recruited from September to December

2023 using convenience sampling method. Fuzzy-set qualitative comparative analysis (fs-QCA) was

then employed by conducting necessity and sufficiency analysis.

Results:  A total  of 538 older patients with NCDs participated in  the survey. The necessity

analysis showed that digital health literacy in older patients with NCDs doesn't have the necessary

conditions. Sufficiency analyses generated six different groups of digital health literacy for older

patients with NCDs. Of these six pathways, the combination of high educational attainment, lower

number of NCDs, high health concern, and positive attitudes towards digital technology is the most

important path. In addition, we analyzed the sufficiency of the three dimensions of digital health

literacy to derive the most important pathways for each of the three different dimensions.

Conclusions:  The  results  of  this  study  differ  from those  reported  in  traditional  regression
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analyses or path analyses. It considers the combined effect of each of the different variables on the

level of digital health literacy of older patients with NCDs. This suggests that health workers should

consider a combination of influences rather than focusing on a single factor. 

Keywords:  digital  health  literacy;  older  patients;  NCDs;  fuzzy-set  qualitative  comparative

analysis. 

Introduction

With  the  rapid  development  of  modern  science  and  technology,  the  results  of  artificial

intelligence,  virtual  and  augmented  reality,  machine  learning  and  other  digital  technologies  are

becoming increasingly mature(1). The development of information and communication technology

(ICT) has further advanced the application of digital technology in healthcare, providing the public

with  a  new  way  of  seeking  health  information,  facilitating  health  communication,  and  treating

diseases(2), i.e., e-health(3), also known as digital health(4). The World Health Organization (WHO)

defines digital health as "the field of knowledge and practice relating to any aspect of the adoption of

digital technologies to improve health, from inception to operation"(5). Digital health can make it

easier for patients to access health information and improve self-care. This leads to improved health

outcomes and better quality of life(6). In addition, in recent years, in order to reduce the risk of

cross-infection and other risks in offline healthcare, governments have encouraged online medical

care, home delivery of medicines, online health insurance and other services, which have contributed

to the further development of digital health(7).

As digital health technology continues to evolve, the way older people access and share their

health knowledge is also changing(8). Worldwide, the rate of population ageing is more rapid than in

the past(9), by 2025, the number of people aged 60 and over will grow from 900 million to 2 billion

globally(10). Older people commonly suffer from multiple NCDs, and self-management of health is
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one  of  the  most  important  ways  to  improve  their  health  status(11).  Digital  health  offers  new

opportunities  for  self-management  in  older  people  with  NCDs.  However,  previous  research  has

shown that the uptake and adoption of digital health technology by older people is very limited(12,

13). Therefore, while enjoying the convenience of digital health, we should pay more attention to the

digital inequality faced by older patients with NCDs as a vulnerable group in the digital era.

   Proper use of digital health requires a wide range of skills, including numeracy, scientific literacy,

technology use, and ability to critically evaluate health information(14, 15). However, older patients

with NCDs generally have low levels of using digital health due to hearing and vision loss, limited

learning ability and acceptance of new technologies, delayed thinking, lack of experience in using

smartphones, and low perceptibility and ease of use of digitalization (16). The ability to use digital

health, that is, digital health literacy, is defined as "the ability to search for, understand and assess

health information in digital media, to communicate and interact with health information, and to use

the information gained to solve health problems"(17). Current research suggests that digital health

literacy deficits occur to varying degrees in older patients with NCDs around the world(12, 18, 19).

The lack of digital health literacy has become a major obstacle to the integration of older people with

NCDs  into  the  digital  society  and  the  enjoyment  of  convenient  and  efficient  digital  health

services(20). Therefore, research and management of digital health literacy in older patients with

NCDs is necessary to improve their quality of life as well as their disease management.

However, digital health literacy in older patients with NCDs is affected by diverse conditions.

These  conditions  include  both internal  factors  (socio-demographic  factors,  psychological  factors,

physiological factor)  and external factors (digital  environment factors, social  support factors)(12,

21). Previous studies have shown that socio-demographic aspects such as age or education level can

influence  the level  of  digital  literacy  in  older  people  with NCDs,  with age  having a  significant

negative effect on digital health literacy and individuals with higher levels of education tending to

have higher levels of digital health literacy than those with lower levels of education(22, 23). Those
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older  people  with  NCDs who live  in  urban areas  generally  have  higher  levels  of  digital  health

literacy than those who live in rural areas. In addition, health status is significantly correlated with

digital health literacy levels in older patients with NCDs (20). Previous studies in Chinese older

adults have found that patients with a high number of NCDs and poor health status are the main

influences on low levels of digital health literacy in them (21). At the same time, older patients with

NCDs with high health concerns are more willing to learn about health information through digital

health devices and have a higher  level  of digital  health  literacy.  Attitudes towards digital  health

technology among older people with NCDs are also an important influence on their level of digital

health literacy (22, 24). Those older patients with NCDs who had more positive attitudes towards

digital health and higher interest in digital technology had higher levels of digital literacy(24, 25). In

terms of external factors, whether or not older patients with NCDs own digital devices and the type

of digital device they own affects their level of digital health literacy. Also, the level of proficiency in

the use of digital devices by older patients with NCDs is directly related to their level of digital

health literacy  (26, 27). Social support factors are also closely related to digital health literacy in

older patients with NCDs as well(28). Studies have shown that in samples of older people with

chronic conditions, participants report that the internet is a useful source of information about their

condition and that they rely on relatives and friends for help in obtaining and assessing information.

It  can be seen that  existing studies  have explored the influencing factors  a great  deal,  applying

different research methods.

Most studies on factors influencing digital health literacy in older patients with NCDs have used

regression analyses, structural equation modelling, or studies using longitudinal data(12, 13, 21, 29).

However, in traditional methods, the effect of a single factor on the level of digital health literacy in

older  patients  with  NCDs is  usually  only  derived.  It  is  important  to  note  that  in  most  real-life

situations, the level of digital health literacy among older people with NCDs may be the result of a

combination of factors (12). Secondly, traditional research methods only yield correlations between
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influential factors and digital health literacy levels of older patients with NCDs, without sufficiently

considering the causal relationships between different factors. This implies that it  is necessary to

apply  new  research  methods  to  explore  the  complex  causal  relationship  between  digital  health

literacy  levels  of  older  patients  with  NCDs  from  a  group  perspective.  Qualitative  comparative

analysis(QCA)  is  an  aggregation  approach  that  compensates  for  the  shortcomings  of  traditional

analyses that focus on a single influencing factor through a new lens(30). QCA has two different

characteristics, the first is equivalence, meaning that different combinations of conditioning variables

can produce the same results, which is an important difference from regression analysis(31). QCA

focuses  on  group  effects  between  condition  variables,  which  contributes  to  a  more  detailed

understanding of the causal mechanisms of digital health literacy levels in older patients with NCDs

in this study. The second characteristic is asymmetry, meaning that the conditions leading to the

outcome are asymmetrical, and the same conditions can lead to different outcomes by combining

them in different ways(32). Therefore, this study applies the QCA method to explore the different

combinations of factors that lead to high and low levels of digital health literacy in older patients

with NCDs, and explores the path to improve the digital health literacy level of older patients with

NCDs from a configurational perspective.

Methods

Research Design and Data Collection  

From September to November 2023, convenience sampling was applied to recruit participants

from  geriatric,  respiratory,  cardiology,  neurology,  nephrology,  endocrinology  and  oncology

departments  of  tertiary  comprehensive  hospitals  in  Qingdao,  Shandong  province,  China.  The

inclusion criteria of the study population were: (a) aged 60 years and above; (b) diagnosed as NCDs,

such  as  chronic  obstructive  pulmonary  disease,  asthma,  coronary  heart  disease,  stroke,  chronic

kidney disease,  cancers  and diabetes;  (c)  voluntary  participation.  Exclusion criteria  of  the  study
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population were: (a) those with mental illness or confusion; (b) those who were too ill to cooperate.

Sample size selection is highly correlated with the number of conditions included in the fs-QCA. In

order to make the fs-QCA results more scientific, if the number of conditions is k, the sample size

should be at least 2k. If the sample size is insufficient, there are problems of diversity, theoretical

interpretation, and limited validity. Nine conditioning variables were included in this study, resulting

in a sample size of at least 29, namely 512. 

Questionnaires were distributed using both online platforms (Questionnaire Star) and offline

methods, with participants providing their contact details to the researcher. Research team members

who  had  received  standard  training  explained  the  purpose  and  significance  of  the  study  to  the

participants and administered the questionnaire after obtaining informed consent. The questionnaires

were filled out by the participants themselves, and for individuals who had difficulty completing the

form, the investigator read the questionnaire to them item by item and then recorded their responses.

The online questionnaire was distributed through the online survey platform "Questionnaire Star".

Only one submission per participant was allowed and we excluded duplicate IP addresses. A total of

552  questionnaires  were  finally  recovered,  and  after  excluding  14  invalid  questionnaires  (e.g.,

consecutive repetitions, regular answers, logical contradictions, etc.), the final valid questionnaires

were 538, and the effective recovery rate of the questionnaires was 97.46%. 

This study was performed according to the Declaration of Helsinki and was approved by Ethics

Committee of Medical College of Qingdao University (Approval number: QDU-)(33).

Instruments 

The general information questionnaire consisted of 7 entries, gender, age, education level, place

of residence, degree of health concerns, number of NCDs, type of digital device owned.

Attitudes  towards  technology  were  measured  using  the  Attitudes  Towards  Technologies

Questionnaire (ATTQ). The scale was designed by Zambicanchi in 2013 and contains six items(34).
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The scale is based on a 5-point Likert scale, with higher scores indicating more positive attitudes

towards  digital  technology,  and  has  demonstrated  good  reliability  and  validity  in  previous

studies(35). The Cronbach’s alpha coefficient was 0.90.

Proficiency in the use of digital devices was measured using the Mobile Device Proficiency

Questionnaire (MDPQ). The questionnaire was developed by Roque in 2018 and contains six entries

for computer use and eight entries for mobile device use. The scale was scored on a 5-point Likert

scale, with the scale score being the mean of the scores for each entry, which has demonstrated good

reliability and validity in previous studies, with a Cronbach's alpha coefficient of 0.99(36).

Social support was measured using the Web Use Support Scale. The scale was developed by

Shaojie Li in 2022 and contains a total of nine entries in two dimensions, including family member

support and friend and community support.  The scale is  rated on a five-point Likert  scale,  with

higher scores indicating higher levels of support. Previous studies have shown good reliability and

validity with Cronbach's alpha coefficient = 0.953 and split-half reliability 0.945(37).

The outcome variable in this study was digital health literacy. Therefore, the Digital Health

Literacy Assessment Scale for Community-Dwelling Elderly was used in this study to assess the

level of digital health literacy among older patients with NCDs. The scale was developed by Liu Siqi

in 2022 and includes 3 dimensions with 15 entries respectively: digital health information acquisition

and assessment ability, digital health information interaction ability, and digital health information

application ability. Scale scores were based on a 5-point Likert scale ranging from 15 to 75, with

higher  scores  indicating  higher  levels  of  digital  health  literacy.  The  item-level  CVIs  were

0.833~1.000, and the scale-level CVI was 0.967;  the Cronbach’s  alpha was 0.941; the split-half

reliability was 0.889; and the test–retest reliability after 2 weeks was 0.941. It usually took 10 to 20

min to complete the questionnaire in most older adults. The above results suggested that the scale

had good reliability, validity and practicability. 
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Data Analysis

Qualitative  comparative  analysis  (QCA)  is  a  research  method  between  qualitative  and

quantitative proposed by Ragin in 1987. The research methodology is based on Boolean algebra and

set theory and allows for the exploration of logical relationships between multiple conditions and

outcomes (38). QCA is an asymmetric research method that, unlike traditional linear-based research

methods,  identifies  possible  asymmetric  relationships  between  premises  and  outcomes,  i.e.  an

outcome may be equally well explained by other combinations of causal conditions(39). 

The three most frequent types of QCA are Crisp-set qualitative comparative analysis (cs-QCA),

Fuzzy-set  qualitative  comparative  analysis  (fs-QCA)  and  Multi-value  qualitative  comparative

analysis (mv-QCA). The application of cs-QCA requires the condition and outcome variables to be

2-point variables, each assigned a value of 0 or 1. Mv-QCA should be used when the condition and

outcome variables are multicategorical, and each variable can be assigned a value of 0.1.2, etc. Fs-

QCA is mainly used in continuous, ordered and proportional data (30). This study used fuzzy-set

qualitative  comparative  analysis  (fs-QCA) to  explore  the  factors  influencing the  level  of  digital

health literacy among older patients with NCDs, which was the combination of fuzzy sets and logic

principles with QCA. The difference with crisp-set QCA (cs-QCA) is that fs-QCA applies the fuzzy-

set method by using a fuzzy-set scale (continuous from full non-membership (0) to full membership

(1) ),  and (0.5) considers a midpoint,  neither  inside nor outside the set(40,  41).  This study was

analysed by fs-QCA 3.0 software. QCA models identify the percentage of variance explained, or

cases  in  which  the  model  is  adequate  coverage,  as  well  as  indicators  of  goodness-of-fit  and

consistency.

First, we calibrated the raw data to a score from 0 to 1 using a direct calibration method to

indicate the degree to which the condition variable was fully present in each case, with (0) indicating

that the condition was not present at all and (1) indicating that the condition was fully present. The

calibration anchor points use the 90% quantile (high level or totally within the set), 50% quantile

https://preprints.jmir.org/preprint/65796 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Yu et al

(intermediate level, neither inside nor outside the set), and 10% quantile (low level or totally outside

the  set)  normally  used  in  fs-QCA(31).  Use of  fs-QCA software  to  recalibrate  variables  such as

attitudes towards technology, proficiency in digital device use, level of social support, and level of

digital  health  literacy.  The  data  were  calibrated  by  bringing  the  anchor  point  values  for  each

condition variable into the calibrate function in the fs-QCA software. 

Secondly,  the  calibrated  data  were  used  to  analyse  the  necessity  and  sufficiency  of  the

conditioning variables. Consistency and coverage are key indicators for assessing the necessity and

sufficiency of  conditions.  According to  existing studies,  the conditional  variable  is  judged to be

necessary when consistency＞ 0.9  (38),  necessary conditional causation means that if  a particular

conditional variable does not exist, the outcome will not occur.

Finally, when conducting the sufficiency analysis, it  is necessary to construct truth tables to

classify and categorise the sample cases into different combinations (groupings) of conditions. After

the initial generalisation, there are some cases of low consistency in the truth table. Thresholds need

to  be  set  to  manually  encode  the  result  variables  corresponding  to  groupings  with  too  low  a

consistency  to  0  (representing  that  the  result  does  not  exist).  Based  on  previous  research,  this

threshold was recommended to be set at 0.75 in this study(42). Three solutions are generated after

the sufficiency analysis:  complex solution,  parsimonious solution and intermediate  solution.  The

intermediate solution compensates for the shortcomings of the complex and parsimonious solutions

and is more consistent with theoretical and empirical knowledge(38, 42). Therefore, this study is

based on the intermediate solution to understand the effect of the grouping of condition variables on

the outcome variables. 

Results

Sample characteristic

The  study  included  538 older  patients  with  NCDs during  hospitalisations  or  consultations,
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which including 281 male patients (52.2%) and 257 female patients (47.8%). And with ages ranging

from 60 to 80 (Mean = 68.64 years, SD = 5.49). These include 213 from rural households and 325

from urban households. Among them, 240 had primary school education or less, 155 had junior high

school  education,  84 had high  school  education,  and 59 had university  education  or  more.  140

patients suffered from only one chronic disease, 222 patients suffered from two to three NCDs and

176 patients suffered from more than three NCDs. 62 patients had low health concern, 385 patients

had moderate health concern and 91 patients had high health concern. 94 patients did not have digital

devices,  375 patients  had one  or  two digital  devices,  and 69 patients  had  three or  more  digital

devices. Table 1 showed the general information about the participants. 

Calibration

We convert the raw scores of the variables into fuzzy affiliations between 0.0 and 1.0. In our

case (0=rural domicile; 1=urban domicile), (0=Primary and below; 0.49=middle school; 1=university

and above),  (0=one chronic  disease;  0.49=2-3  NCDs;  1=more  than  three  NCDs),  (0=low health

concern; 0.49= middle health concern; 1= high health concern), (0=no digital devices; 0.49=one or

two digital device; 1=three or more digital devices). This study used three thresholds that have been

commonly applied in previous studies: 10%, 50%, and 90%. Threshold 0 means that the observation

is completely outside the 10% set range, threshold 0.5 places the observation at an intermediate level,

indicating  that  it  is  neither  inside  nor  outside  the  set,  and the  last  threshold,  1,  means that  the

observation is completely above 90%. The descriptive statistics and calibration of variables were

shown in Table 2.

Requirements Analysis

After calibrating the study variables, we analysed the scores for necessity; in general, a variable

was  considered  necessary  if  its  consistency  score  exceeded  0.90(38).  According  to  the  results

obtained in Table 2,  the number of NCDs is a necessary condition for DHL (consistency=0.92),
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Older patients with NCDs who have a smaller number of NCDs have higher levels of digital health

literacy. In addition, most of the conditions have a coverage of the outcome greater than 0.5, which

means that each condition has sufficient explanatory strength for the outcome variable(43). More

information saw Table 3.

 

Sufficiency Analysis

In this  study, the QCA graphical  method proposed by Fiss was used(44),  which allows the

relative importance of the factors in the configuration of the reaction conditions to be charted. 

In  this  study,   indicates  the  presence of  a  conditional  variable,   indicates  the  absence  of  a

conditional variable,   indicates the presence of a core condition, and  indicates the absence of a core

condition. Through fs-QCA analyses, the model provides nine different pathways to digital health

literacy for older patients with NCDs. 

In addition, according to Ragin, the coefficient of consistency of results should be >0.75 and the

coverage should be >0.25. As a result, we removed three configurations, ultimately concluding that

six different grouping pathways for digital literacy levels in older patients with NCDs explained 68%

of  the  cases  with  high  levels  of  digital  health  literacy(Overall  Consistency=0.92;  Overall

Coverage=0.68).  Among  the  most  relevant  groupings  or  pathways  were  the  outcomes  of  high

education,  low  number  of  diseases,  high  health  concern,  and  positive  attitudes  towards  digital

technology (Overall consistency = 0.95, Overall coverage = 0.39). Other configurations are detailed

in table 4. 

Moreover, for high level of acquiring and assessing capacity, seven paths explained 68% of the

cases (overall consistency=0.80; overall coverage=0.68). The most relevant path or combination to

explain high levels of acquiring and assessing capacity was the interaction of being older, having a

high number of NCDs, having a high number of digital devices, and having a low level of social

support (raw coverage=0.43; consistency=0.95). 
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Ten paths were observed for high levels of interactive capacity,  which clarified 69% of the

variance explained (overall  consistency=0.81;  overall  coverage=0.69).  The most  relevant  path or

combination to explain high levels of interactivity are younger age, more positive attitudes toward

digital technology, high levels of social support, high level of proficiency in digital device use (raw

coverage=0.34; consistency=0.94). 

Finally,  nine  paths  clarified  66%  of  the  variance  explained  in  the  case  of  high  levels  of

application capability (overall consistency=0.82; overall coverage=0.66). The most relevant path or

combination accounted for 42% of the cases (raw coverage =0.42; consistency = 0.91), and was

younger age, high education, urban residence, high number of digital devices, high level of mobile

device proficiency. The results of the sufficiency analysis for each dimension were shown in Table 5.

Discussion

Principal Findings

This study explored and compared the ability of socio-demographic characteristics (gender, age,

education, place of residence), health status (number of NCDs, health concerns), attitudes towards

technology, proficiency in the use of digital devices, and social support in the prediction of digital

health literacy among older patients with NCDs, based on the analytical methodology of the fs-QCA

model. The main difference between fs-QCA and path analysis (eg. structural equation modelling) is

that they are working based on different principles and different focus(45). The fs-QCA is a case-

oriented technique focuses on combinatorial effects. It assumes an asymmetric relationship between

the  independent  variable  and  the  dependent  variable,  and  multiple  different  combinations  of

conditional variables can lead to the same outcome(46).

According to the results derived from the fs-QCA model, there are no necessary conditions for

digital health literacy levels. However, in addition to the necessity condition, the consistency results

show that health concern is the more important condition. This may be because older patients with
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high health concerns may have a stronger sense of maintaining their health and thus consciously

seek, use and communicate with digital resources to improve their health status(47). In addition, by

comparing six different configurations of DHL, the present study found that the conditional variable

of number of digital facilities appeared in five out of six configurations considered in the study. This

suggests  that  the number of  digital  facilities  is  an important  influence  on digital  health  literacy

among older patients with NCDs. Previous research has shown that respondents with multiple digital

facilities have higher rates of internet usage than those with only one or no digital  facility, thus

affecting levels of digital health literacy(14, 23). Next, we detailed the optimal configuration of the

digital health prime level and each of its dimensions for older patients with NCDs.

For the best configuration leading to a higher total digital health literacy score, the combination

of educational, health concerns, number of NCDs, and attitudes toward digital technology influence

the level of digital health literacy among older patients with NCDs. Numerous previous studies have

shown  that  there  is  a  positive  effect  of  educational  level  on  digital  health  literacy(7,  25,  28).

Especially for older patients with NCDs, they are usually accompanied by deterioration of physical

functions and cognitive functions. Older patients with low literacy levels have limited literacy and

comprehension skills,  and are  fraught  with difficulties  in  comprehending and identifying  digital

health information(48). Older patients with NCDs who have higher literacy level qualifications are

more capable of accessing and understanding digital health information(49). Meanwhile, they can

better distinguish the correctness, scientificity and validity of digital health information in the digital

environment, so that they can make better use of digital health information to enhance their health

status.  In addition,  improved health  status  promotes them to take a more active interest  in  their

personal health care(50). With a higher level of health concern, they are more likely to make active

use of digital health information and apply it in the disease management process (45). The high level

of concern for their  own health status may lead to a better  health status for this  group of older

patients, with a lower number of NCDs. Older patients with NCDs who have a high health concern
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are in better physical health, have more energy to access digital devices, have better literacy skills,

and have higher digital health literacy (51). Therefore, the overlap of high educational attainment,

low number of NCDs, high health concerns, and positive attitudes toward digital technology together

contributed to the level of digital health literacy among older patients with NCDs. 

Adequacy analyses were conducted for each dimension of digital health literacy. For acquisition

and assessment capabilities, health concerns and number of NCDs exist as core conditions. Age,

number of digital  devices, social  support exist  as peripheral conditions.  In this study even older

patients with NCDs with higher age throw have a high level of access and assessment ability. This

result appears to be at variance with previous studies showing lower digital health literacy at higher

ages (52). This may be because the present study found that most older patients with NCDs own at

least one digital device, and that age-related barriers to technology use are gradually being eroded by

the high penetration of digital technology (53). Older patients with NCDs who have a higher age will

have more pronounced fear and anxiety about death, so health concerns are higher in older patients

(54). In order to maintain a stable daily life, they are usually more active in health management and

have a greater need for digital health information. This is in line with previous studies, where older

NCDs patients  with  high  health  concerns  have  a  stronger  sense  of  self-management  and health

information  needs  (55).  In  addition,  a  higher  number  of  NCDs exist  as  core  conditions  in  this

configuration. Previous studies have shown that older people with more serious illnesses or multiple

chronic diseases are more eager to learn how to effectively manage their illnesses, and digital health

provides them with a convenient and rich source of health information (56). Due to the increase in

health concerns, traditional single information channels cannot meet the needs of older patients with

NCDs, who are beginning to accept and gradually try to use digital devices to seek health guidance

(57). At the same time, the number of digital devices owned by this group of patients is high, and the

diversification of digital devices may further increase the sources of digital health information for

older patients with NCDs, thus enhancing their ability to access and assess digital health information.
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It's important to note that, patients in this configuration had low levels of social support, although

previous research has suggested that a lack of social support may result in older patients with NCDs

not being able to ask for help when they have difficulty using digital devices (58). However, this

may, on the other hand, lead them to perceive a lack of help from the outside world and therefore pay

more attention to the information delivered by digital  devices (59). They prefer to manage their

health through digital health information to reduce the impact of NCDs on them. 

For the ability to interact with digital health information, more positive attitudes towards digital

technology and younger age served as core variables,  with proficiency in digital  device use and

social support as peripheral conditions. Previous studies have shown that older NCDs people are

accustomed to acting as audiences rather than communicators in digital health environments (60).

Those younger patients have a more positive attitude towards digital technology and want to share

health information related to their experiences such as illness to others through digital technology by

sharing  and  evaluating  it.  Studies  have  shown  that  older  people  with  NCDs  have  difficulties

interacting with the internet and digital devices compared to younger people, which is related to their

lack of experience and confidence in using digital devices (61). Older patients with NCDs who do

not  use  digital  devices  or  who  use  them  less  often  are  often  fearful  or  anxious  about  digital

technology (62). This result is consistent with previous research that age and attitudes towards digital

technology are significant predictors of digital health literacy (63). The technology acceptance model

also  mentions  that  younger  individuals  usually  have  more  positive  attitudes  towards  digital

technology, which will  directly influence their  behaviour, leading to more positive use of digital

technology and thus  higher  digital  health  literacy  (64).  In  addition,  social  support  as  peripheral

condition also has an impact on interaction ability. Prior research has shown that social support for

the use of digital devices by older patients with NCDs comes primarily from family members. The

active involvement of family members in their digital technology use process can motivate older

patients to use digital devices more actively and increase their desire to interact (65). At the same
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time, older patients are more likely to want the support and attention of their family members due to

their perennial suffering from the NCDs. The interaction of digital health information also has a good

effect on the emotional enhancement of the older patients and family members, which also increases

the attitude of them towards digital technology (66). Therefore, in this configuration, we considered

that age, attitudes towards digital technology, proficiency in the use of digital devices, and social

support collectively influence the ability  of older patients with chronic diseases  to communicate

digital health information

Finally, we found that level of education and place of domicile were the core variables in the

ability to apply digital health in older patients with NCDs. Digital health information application

competence is the highest perceived level of digital health literacy, informed and built from all lower

levels of digital health literacy dimensions (i.e., ability to acquir and assess, ability to interact) (67).

Older patients with NCDs who have higher education are more capable of accepting and learning

new technologies, and they can effectively master digital technology and digital devices when facing

them, and even if they encounter some difficulties, they can reasonably solve them by learning and

asking questions. This is consistent with previous research that older patients with NCDs who have

higher education levels have higher proficiency in the use of digital health devices and use them for

longer periods of time (68). Urban residents have more access to new digital health devices and

technologies, research shows that older patients with NCDs living in urban areas use health apps and

health publics more extensively. Older patients with NCDs living in rural areas face more difficulties

in using digital health technologies, which may be related to the fact that rural areas in China are

poorly  equipped  with  digital  devices  and  have  fewer  opportunities  for  social  support  such  as

education and training (69). At the same time, there is  currently a large gap between the level of

economic development in urban and rural China, and the financial cost of using digital technology is

often a major concern for older patients with NCDs (70). Individuals at lower economic levels are

less likely to have a higher number of digital devices. They have lower internet usage due to lack of
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access to key media for digital health information, which further contributes to their lower digital

adoption capacity.  Therefore,  in this  pathway, place of residence,  number of digital  devices,  and

proficiency in digital device use, are interrelated and collectively influence the ability of older NCDs

patients  using digital  health  technologies.  This  finding seems obvious  in  most  cases,  but  varies

slightly in studies from developed countries (23, 71). It's important to note that this may be because

most rural patients in developed countries almost have at least one digital device at home as well as

an  internet  link,  and  they  prefer  to  access  health  information  through  digital  media  (72,73).

Moreover,  in rural  China, even though older patients have digital  devices,  rural residents'  use of

digital  devices  is  mainly  focused  on  entertainment  and  socialising.  Further  promotion  and

popularisation of deeper applications such as digital health, digital healthcare and online consultation

are still required.

Limitations

  Despite the importance of the information obtained in this study for older patients with NCDs, the

study has the following limitations. Firstly, the survey sample of this study was only sampled in

Qingdao,  China,  and  there  may  be  data  bias.  The  data  obtained  in  only  one  city  means  that

replication is difficult. In the future, it may be more meaningful to extend this study to other regions

or countries. Secondly, the data collected in this study was based on a questionnaire, which, although

a standard  research  tool,  is  still  not  immune to  subjective  bias.  Third,  the  conditional  variables

explored in this study are limited by the complexity of the fs-QCA model. In future studies, more

variables  affecting  the  digital  health  literacy  pathway  in  older  patients  with  NCDs  should  be

considered. In addition, as with all qualitative research, findings will vary depending on the sample.

In  future  studies,  it  will  also  be  possible  to  compare  the  different  configurations  of  the  linear

regression  model  and  the  QCA model.  Finally,  fs-QCA can  effectively  identify  the  necessary

conditions for an outcome variable,  but it  cannot quantify "how necessary a  condition is  for an
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outcome". In future studies, the new method of necessary conditions analysis (NCA) can be used in

combination with fs-QCA.

Practice Implications

The results of this study can be used by healthcare providers to develop comprehensive and

accurate interventions. This study derived different configurations that lead to high and low levels of

digital  health  literacy  among older  patients  with  NCDs,  and based on the  characteristics  of  the

different configurations, healthcare providers can provide detailed interventions depending on the

type of patients. 

Identified immutable factors such as educational attainment and place of residence can be used

to  determine  which  individuals  are  at  risk  of  digital  health  literacy  deficits  and  to  help  health

professionals  identify  vulnerable  groups  that  need to  be  targeted.  In  addition,  this  suggests  that

healthcare workers need to intervene to address the physical condition of older patients with NCDs.

Provide them with disease counselling and guidance on the adoption of reasonable diet, exercise and

other living habits, so as to actively improve their chronic disease conditions (74).

This study declared the most important groupings of older patients with NCDs with high digital

health literacy: high educational attainment, low number of NCDs, high health concern, and positive

attitudes towards digital technology. This suggests that healthcare providers should offer targeted

interventions  for  older  NCDs  patients  with  low  education.  By  designing  structured  courses,

providing intergenerational guidance for older patients with NCDs, and organizing unified training in

libraries and communities, healthcare staff can improve the reading and writing skills and the use of

digital devices of older patients with NCDs who are less educated (75).On the other hand, there is a

need to design digital devices or digital device applications that are more suitable for older NCDs

patients, and adapt to the usage habits of older NCDs patients with low education level by expanding

fonts, simplifying the operation interface, simplifying the operation steps, and providing graphic and
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video instructions. In addition, healthcare providers should strengthen digital health promotion and

popularisation activities to improve the enthusiasm of older NCDs patients on digital technology, so

that they recognise and accept digital health technology, thus enhancing digital health literacy (76).

Various  digital  technology  operating  platforms  should  strengthen  the  quality  control  of  digital

information, create a safe and healthy digital technology environment, and improve the trust of older

patients with NCDs in digital health information. Finally, health education for older patients with

NCDs should be strengthened to promote older people's awareness of self-care and digital health

information  needs,  and increase their  health  concerns,  so as  to  urge them to seek digital  health

information more proactively.

Conclusion

This  study investigated  the  factors  influencing  digital  health  literacy  in  older  patients  with

NCDs using fs-QCA analysis. This methodology takes into account the different combinations of

conditions  that  influence digital  health  literacy in  older  patients  with NCDs.  This  study derived

different configurations of conditioning variables leading to total digital health literacy scores and

three dimensions (acquiring and assessing capacity, interactive capacity and application capacity) in

older patients with NCDs.

This suggests that when devising interventions, healthcare workers and health authorities should

consider that it is not just a single factor that affects the level of digital health literacy among older

patients  with  NCDs,  but  that  different  conditions  combine  to  influence  it.  Combining  different

grouping types  with appropriate  interventions,  this  is  more conducive to  improving the level  of

digital health literacy in older patients with NCDs.
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