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Purpose: To investigate the level of medication literacy and explore the conditional associations among medication literacy, beliefs
about medicines, self-efficacy for appropriate medication use, and illness perceptions in patients with coronary heart disease and
comorbid diabetes mellitus using network analysis.

Methods: A convenience sample of 417 patients with coronary heart disease and diabetes mellitus was recruited from two Grade
A tertiary hospitals and a community health center in Guangdong, China between January and August 2025. Measures included
a general information questionnaire, the Self-Assessment Scale for Medication Literacy in Patients with Coronary Heart Disease
Comorbidity Diabetes, the Chinese version of the Beliefs about Medicines Questionnaire-Specific, the Chinese version of the Self-
Efficacy for Appropriate Medication Use Scale, and the Chinese version of the Brief Illness Perception Questionnaire. Statistical
analyses were conducted using SPSS 27.0 and R Studio. The network structure was estimated with the EBICglasso algorithm.
Expected influence was used to identify central nodes, and bridge expected influence was used to identify bridge nodes. The stability
and accuracy of the network were examined using case-dropping and bootstrap procedures.

Results: The average score of medication literacy was 77.09+10.29. The network showed that the edge weight between node S1
(medication use under difficult circumstances) and node M5 (calculation) was 0.24, which was the largest among cross-network edges.
The average node predictability was 48.6%. M2 (comprehension) had the largest expected influence index (0.89), and MB1 (necessity
of medication) had the largest bridge expected influence index (0.35). The 95% confidence intervals for the edge weights were narrow.
The correlation stability coefficients for both expected influence and bridge expected influence were 0.751.

Conclusion: Patients with coronary heart disease and diabetes mellitus exhibited a moderate level of medication literacy. Network
analysis identified M2 (comprehension) as a core node and MB1 (necessity of medication) as a key bridge node, suggesting that they
may be considered potential priorities for assessment and intervention development.
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Introduction

With the increasing prevalence of chronic diseases and population aging, multimorbidity has become a major global
health challenge, imposing substantial burdens on patients, healthcare professionals, and healthcare systems. Coronary
heart disease (CHD) and diabetes mellitus (DM) is one of the most common and harmful comorbidity patterns,1 with
a comorbidity rate as high as 32.2%.> CHD and DM are closely interrelated and may mutually influence disease
progression. Individuals with type 2 diabetes carry approximately 1.5 to 2 times the risk of atherosclerotic cardiovascular
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disease (ASCVD) relative to the general population,’ which substantially raises their risk of ASCVD events and all-cause
mortality.*

Currently, pharmacotherapy remains the cornerstone of disease management and secondary prevention in this
population. Patients with both CHD and DM experience a chronic and prolonged disease course, requiring long-term,
regular, and accurate medication use to prevent disease recurrence and progression. However, due to the complex
pathophysiology of both conditions and the need for long-term polypharmacy, these patients are prone to issues such as
poor medication adherence, inadequate medication management, and medication safety risks,” which seriously impair
physical function, clinical outcomes, and quality of life.

The World Health Organization (WHO) launched the Global Patient Safety Challenge “Medication Without Harm”,
which has identified “polypharmacy and high-risk situations” as a priority area for action, aiming to significantly reduce
preventable medication-related harm.” Medication literacy (ML), derived from the concept of health literacy,® is an
important indicator of medication safety. ML has been defined as the degree to which individuals can obtain, compre-
hend, communicate, calculate and process patient-specific information about their medications to make informed
medication and health decisions in order to safely and effectively use their medications, regardless of the mode by
which the content is delivered (e.g., written, oral, or visual).” As such, ML represents the contextual application of health
literacy within the medication use setting. '’

Existing evidence indicates that ML is generally inadequate among patients with CHD.""'? Similarly, many patients
with DM demonstrate only moderate or low levels of ML."* Currently, no specific study has investigated ML in patients
with both CHD and DM. However, given that the interaction between these two diseases leads to more complex
medication regimens,'* the present study hypothesizes that the level of ML in patients with both conditions is lower
than that in patients with either CHD or DM.

Notably, ML is associated with a range of psychological factors, including medication beliefs, self-efficacy for
appropriate medication use, and illness perceptions.'>”'” The Common-Sense Model (CSM) provides a theoretical
framework for understanding the relationships among the aforementioned variables. According to the CSM, when
confronted with a health threat, individuals form illness representations that include both cognitive and emotional
dimensions. These representations subsequently guide information processing and behavioral decision-making through
a feedback loop of ‘‘representation—coping-appraisal”.18 In the context of CHD and DM, patients’ illness perceptions,
medication beliefs, and self-efficacy may therefore be relevant to how they understand, evaluate, and use medication-
related information. The Health Belief Model (HBM) offers a complementary perspective by emphasizing the roles of
perceived threat, perceived benefits, perceived barriers, cues to action, and self-efficacy in health-related decision-
making.'® Taken together, these theoretical perspectives provide a rationale for examining ML, medication beliefs, self-
efficacy for appropriate medication use, and illness perceptions within the same analytical framework.

It is noteworthy that most existing studies investigating the relationships among ML, self-efficacy for appropriate
medication use, medication beliefs, and illness perception have predominantly relied on traditional correlation and
regression methods focusing on pairwise associations. Although these methods can identify associations between
variables, they are less able to describe the overall pattern of complex multivariate interrelationships among these
factors. Network analysis is a visual and statistical approach that can estimate conditional associations among variables
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and identify statistically central or bridging nodes within a network. While well established in psychology,
increasingly growing in chronic disease research. For example, Zhang et al used network analysis to examine the
interrelationships among self-stigma, insomnia, depression, and anxiety in patients with chronic diseases, identifying
self-stigma emotions and daytime conditions as important core symptoms and several psychological symptoms as bridge
symptoms.*” Chen et al applied trajectory network analysis to chronic disease trajectories among Chinese adults aged
>45 years and found that arthritis acted as a starting node, while digestive diseases, hypertension, heart disease, and
dyslipidemia occupied central positions in the disease trajectory network.”> Together, these studies suggest that network
analysis is useful for identifying highly connected or bridging components within complex chronic disease-related
systems. However, few studies have applied this approach to medication literacy and its psychosocial correlates

among patients with CHD and DM.
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In summary, this study aimed to investigate the level of ML in patients with CHD and DM and to use network
analysis to explore the conditional associations among ML, medication beliefs, self-efficacy for appropriate medication
use, and illness perceptions. Given that each of these variables is a multidimensional construct, and to reduce model
complexity while enhancing the interpretability and clinical readability of the network model, the dimensions of each
variable were selected as nodes in the network model.

Methods
Study Design and Participants

This was a cross-sectional network analysis conducted between January 2025 and August 2025 in Guangdong Province,
China. Participants were recruited using convenience sampling from the cardiology and endocrinology inpatient wards
and outpatient clinics of two tertiary Grade A hospitals, as well as from the outpatient clinic of one community health
service center. These recruitment settings were selected because patients with CHD and DM are routinely treated and
followed up in these clinical departments.

The inclusion criteria were as follows: (1) aged >18 years; (2) diagnosed with CHD according to the diagnostic
criteria for stable coronary heart disease and diagnosed with diabetes according to relevant diagnostic criteria;>*** (3)
had received medication treatment for more than 3 months after being diagnosed with CHD and comorbid diabetes; (4)
able to communicate, read, and understand basic Chinese; and (5) provided written informed consent. The exclusion
criteria were as follows: (1) severe comorbid conditions, such as malignancy or renal failure; and (2) history of cognitive
impairment, psychiatric disorders, severe hearing impairment, or communication disorders.

Sample Size

For network analysis, the sample size was determined by the total parameters, which were obtained by adding the
threshold parameters (number of nodes) and pairwise association parameters [number of nodes X (number of nodes - 1)/
2].2° This study included 12 nodes (M1-M5; S1-S2; MB1-MB2; DB1-DB3), resulting in 78 parameters to be estimated
(12 threshold parameters +12 x 11/2 pairwise association parameters). Considering a requirement of 3—5 participants per
parameter and accounting for a 20% rate of potentially invalid questionnaires, a minimum sample size of 293 participants
was required. Furthermore, for sparse networks consisting of 20 or fewer nodes, a sample size of at least 350 is
recommended to achieve moderate sensitivity, high specificity, and high edge weight correlation.?® In this study, the
network consisted of 12 nodes, and the final sample included 417 participants, which was considered adequate for data
analysis.

Measures

The General Information Questionnaire

This questionnaire was designed by the researchers and included three sections: sociodemographic data, disease-related
data, and medication-related data. Sociodemographic information included age, gender, body mass index (BMI),
educational level, marital status, employment status, place of residence, living arrangement, monthly household income,
and medical payment method. Disease-related data included disease duration, family history, number of complications,
frequency of hospitalizations, and smoking and drinking status. Medication-related data included duration of pharmaco-
logical treatment, monthly expenses for the treatment of CHD and DM, sources of medication, and whether the patient
had received relevant medication education.

The Self-Assessment Scale for Medication Literacy in Patients with Coronary Heart

Disease Comorbidity Diabetes

In 2024, Liu Haiting and colleagues in China developed the Self-Assessment Scale for Medication Literacy in Patients
with CHD and DM based on the conceptual model of medication literacy.?” The scale included 23 items in 5 dimensions
including acquisition, comprehension, communication, evaluation and calculation. A five-point Likert scale was used,
ranging from “never” to “always,” scored from 1 to 5. The total score is the sum of all items, ranging from 23 to 115,

Patient Preference and Adherence 2026:20 https: 3



Liang et al

with higher scores indicating a higher level of medication literacy. The total Cronbach’s a coefficient of the scale was
0.911; the retest reliability was 0.948; the average content validity index was 0.997. In this study, the Cronbach’s a
coefficient of the scale was 0.941.

The Chinese Version of Beliefs About Medicines Questionnaire-Specific
(BMQ-Specific)

The Beliefs about Medicines Questionnaire-Specific (BMQ-Specific) was developed by Horne et al.?® In this study, the
Chinese version developed by Lv et al*’ was used to assess patients’ beliefs about medications prescribed for specific
health conditions. The questionnaire consists of two dimensions: necessity and concern, with each dimension containing
five items. Participants are asked to rate their agreement using a five-point Likert scale. The score for each dimension
ranges from 5 to 25, with higher scores indicating stronger necessity beliefs or stronger medication concerns. The overall
medication belief score is calculated as the difference between the necessity score and the concerns score, ranging from
—20 to +20. A positive difference indicates that patients perceive the necessity of taking medication as outweighing their
concerns about potential side effects; conversely, a negative difference suggests that concerns about side effects outweigh
the perceived necessity. The content validity index of the scale was 0.90, and the Cronbach’s a coefficient was 0.770. In
the present study, the Cronbach’s a coefficients for the overall BMQ-Specific, necessity subscale, and concern subscale
were 0.703, 0.855, and 0.790, respectively.

The Chinese Version of the Self-Efficacy for Appropriate Medication Use Scale

(SEAMS)

The Self-efficacy for Appropriate Medication Use Scale (SEAMS) was developed by Risser and his research team.*® It is
designed to assess patients’ confidence in taking medications appropriately under various circumstances and has been
used in patients with chronic diseases. The scale consists of 13 items across two dimensions: medication use under
difficult circumstances and medication use under uncertain circumstances. Each item is rated on a three-point Likert
scale, with scores ranging from 1 (“not confident”) to 3 (“very confident”). Higher scores indicate greater self-efficacy for
appropriate medication use. The SEAMS was translated into Chinese by Dong et al in 2015.%' For the Chinese version of
the SEAMS, the Cronbach’s a coefficient was 0.934. In the present study, the Cronbach’s o coefficient was 0.872.

The Chinese Version of the Brief lliness Perception Questionnaire (BIPQ)

The Brief Illness Perception Questionnaire (BIPQ) was developed by Broadbent et al'® in 2006 and later translated and
adapted into Chinese by Mei Yagi et al.* It is widely used to assess illness perception in patients with chronic diseases.
The questionnaire consists of nine items covering three dimensions: cognitive representation of illness, emotional
representation of illness, and illness coherence. Item 9, which assesses perceived causes of illness, is an open-ended
item and is not included in the total score. The first eight items are rated on a scale from 0 to 10, with items 3, 4, and 7
reverse-scored. The total score is the sum of the item scores, ranging from 0 to 80, with higher scores indicating a greater
perceived threat of the illness. Mei Yaqi et al validated the Chinese version of the BIPQ in breast cancer patients,
reporting a Cronbach’s o of 0.77.>> The Chinese version of the BIPQ has also shown applicability in populations with
CHD and DM. Li Jiamin et al®>® reported a Cronbach’s o of 0.895 in patients with CHD; Xu Lixian et al** reported
a Cronbach’s a of 0.830 in older adults with type 2 diabetes; and Yang Han et al*® reported a Cronbach’s a coefficient of
0.735 in middle-aged and young adults with type 2 diabetes. In the present study, the Cronbach’s a coefficient of the scale
was 0.784.

Data Collection

After rigorous screening according to the inclusion and exclusion criteria, eligible patients were invited to participate in
this study. During data collection, participants’ rights, privacy, and confidentiality were protected. For inpatients,
researchers first screened potentially eligible patients through the electronic medical record system and then approached
those who met the eligibility criteria when their condition was stable and they were receiving routine medication
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treatment. For outpatients and community clinic patients, eligible patients were identified with the assistance of clinicians
during routine visits and were invited to complete the survey while waiting for medication dispensing. Using standar-
dized instructions, the investigators explained that the purpose of the survey was to understand patients’ daily medication
practices and their level of medication literacy. Written informed consent was obtained from all participants before
questionnaire administration. Data were collected using paper-based questionnaires, and relevant clinical information was
verified through the hospital electronic medical record system when necessary. All questionnaires were collected on site.
A total of 425 questionnaires were distributed. After excluding questionnaires with apparent patterned responses, such as
identical answers across all items, or logical inconsistencies, 417 valid questionnaires were retained, yielding a valid
response rate of 98.12%.

Data Analysis

Descriptive Statistics

There were no missing data in this study. Descriptive statistical analysis of baseline data was conducted in SPSS 27.0.
Continuous variables with a normal distribution were presented as mean =+ standard deviation (Mean + SD), while non-
normally distributed data were described using the median (interquartile range) [M (P25, P75)]. Categorical variables
were presented as frequencies and percentages [n (%)].

Common Method Bias Test

To examine the potential influence of common method variance, Harman’s single-factor test was conducted. All items
from the four scales were entered into an unrotated principal component analysis after reverse-coded items were
appropriately transformed. The proportion of variance explained by the first unrotated factor was examined, and
a value below the commonly used threshold of 40% was considered indicative of no serious common method bias.*

Network Analysis
Zero-order correlations and network analysis were performed using R version 4.5.1. A two-sided test with p < 0.05 was
considered statistically significant.

The five dimensions of the Self-Assessment Scale for Medication Literacy in Patients with CHD and DM (acquisi-
tion, comprehension, communication, evaluation, and calculation), the two dimensions of the SEAMS (medication use
under difficult circumstances and medication use under uncertain circumstances), the two dimensions of the BMQ-
Specific (necessity of medication and concern of medication) and the three dimensions of the BIPQ (cognitive
representation, emotional representation, and understanding of the illness) were included as network nodes. Nodes
from the same scale were assigned to the same subnetwork. The network structure was estimated using the “EBICglasso”
algorithm from the “qgraph” package, with the hyperparameter gamma set to the default value of 0.5.>° Based on the
assumption of multivariate normality, this model uses partial correlations to quantify conditional dependencies between
variables.?’ Associations between nodes were examined using Pearson correlation analysis. Edges in the network
represent partial correlations between two nodes after controlling for all other variables in the network.?’

The predictability of each node was calculated using the “mgm” and “predict” functions from the “mgm” package,
and the average predictability was computed.*® Predictability reflects the proportion of a node’s variance that can be
predicted by the variances of its connected nodes, while average predictability indicates the extent to which the network
nodes can be mutually predicted.

Node centrality was assessed using the “centralityPlot” function from the “qgraph” package.3 ? Bridge centrality was
computed using the “bridge” function from the “networktools” package.*” Given the presence of both positive and
negative edges in the network, the Expected Influence (EI) coefficient and Bridge Expected Influence (BEI) coefficient
were calculated based on the two-step estimation method.*' Both the EI and BEI coefficient were standardized (z-scores)
for visualization and comparative interpretation. Nodes with BEI rankings in the top 20% were selected as bridge
nodes.*® Bootstrap difference tests for edge weights and for centrality indices were performed using the “differenceTest”
function from the “bootnet” package. Pairwise differences in EI and BEI were evaluated, and the null hypothesis of no
difference was rejected if the 95% bootstrap confidence interval for the difference did not include zero (equivalent to
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two-sided p < 0.05). The results were visualized as gray-black significance matrices (black squares indicate significant
differences). Due to the involvement of multiple observational nodes in the study, the significance threshold after
Bonferroni correction would have become extremely stringent, resulting in insufficient statistical power. Therefore, no
adjustment for multiple comparisons was made in this study.

The precision of edge weights and the stability of node centrality were evaluated using the “bootnet” function from
the “bootnet” package.”® A non-parametric bootstrap with 1000 iterations was applied to compute 95% confidence
intervals (ClIs) for edge weights and the correlation stability coefficient (CS-C). Narrower 95% Cls indicate greater
precision in edge weight estimation.”’ CS-C represents the maximum proportion of samples that can be removed while
still preserving a strong correlation (» > 0.7) with the centrality metrics of the original data (a = 0.05). Values above 0.25
are considered acceptable, and values exceeding 0.5 indicate good stability.?

Ethics and Informed Consent Statement

This study was conducted in accordance with the ethical principles of the Declaration of Helsinki. The study was
reviewed and approved by the Ethics Committee of Dongguan Songshan Lake Central Hospital (Approval No. 2024—65)
on December 21, 2024. Written informed consent was obtained from all participants prior to their inclusion in the study.

Results

Demographics and Clinical Characteristics

A total of 417 patients with CHD and DM were included in this study. The participants’ ages ranged from 36 to 92 years,
with a mean age of 68.24 + 10.39 years, and 59.5% were male. Regarding education level, 37.6% had primary education
or below, 85.1% were married, and 42.7% lived with their spouse. Monthly household income ranged from 5000 to 6999
CNY in 35.9% of participants, and 98.1% were covered by medical insurance. In terms of body mass index (BMI),
42.9% were within the range of 18.5-23.9 kg/m”. The duration of CHD combined with DM was <5 years in 83.5% of
patients, 71.9% had no CHD- or DM-related complications, and 36.9% had been on pharmacological treatment for >11
years. Regarding medication education, 46.3% occasionally received guidance, and 49.9% obtained their medications
from hospitals. Detailed demographic and clinical characteristics of the patients are presented in Table 1.

Table 1 Demographic and Clinical Characteristics of Study Participants (N = 417)

Variable Number | Percentage (%)
Gender

Male 248 59.50

Female 169 40.50
Age

<50 years old 18 4.30

50-59 years old 64 15.30

60-69 years old 139 33.30

70-79 years old 139 33.30

280 years old 57 13.70
Marital Status

Married 355 85.10

Unmarried/Divorced/Widowed 62 14.90
Educational level

Primary school or below 157 37.60

Junior high school 153 36.70

High school 70 16.80

University or above 37 8.90

(Continued)
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Table | (Continued).

Variable Number | Percentage (%)
Employments status

Employed 77 18.50

Unemployed 32 7.70

Retired 308 73.90
Place of residence

Cities and towns 342 82.00

Rural areas 75 18.00
Living arrangement

Live alone 33 7.90

Live with spouse 178 42.70

Live with children 51 12.20

Live with spouse and children 146 35.00

Others (e.g. nanny) 9 2.20
Per capita monthly household income (CNY)

<3000 54 12.90

30004999 146 35.00

5000-6999 147 35.30

27000 70 16.80
Medical payment method

With medical insurance 409 98.10

Without medical insurance 8 1.90
BMI (kg/m?)

<185 13 3.10

18.5-23.9 179 42.90

24.0-27.9 169 40.50

>28.0 56 13.40
Smoking status

Never smoking 238 57.10

Quit smoking 63 15.10

Smoking 116 27.80
Drinking status

Never drinking 308 73.90

Quit drinking 50 12.00

Drinking 59 14.10
Duration of comorbidity of CHD and DM (years)

<5 348 83.50

>5 69 16.50
Family history of CHD

Yes 102 24.50

No 315 75.50
Family history of DM

Yes 174 41.70

No 243 58.30
Glycated hemoglobin (HbAlc, %)

>7 205 49.20

<7 212 50.80
CHD and DM complications

Yes 17 28.10

No 300 71.90

(Continued)
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Table 1 (Continued).

Variable Number | Percentage (%)
Number of emergency department visits
0 232 55.60
| 145 34.80
2 40 9.60
Annual average number of outpatient visits
| 49 11.80
2 41 9.80
23 327 78.40
Annual average number of hospitalizations
| 276 66.20
2 118 2830
23 23 5.50
Duration of medication treatment (years)
<5 133 31.90
6-10 130 31.20
=1 154 36.90
Frequency of medication education
Frequently 75 18.00
Sometimes 72 17.30
Occasionally 193 46.30
Never or almost never 77 18.50
Sources of medication acquisition
Hospital 208 49.90
Community health service center 178 42.70
Pharmacy 31 7.40
Monthly medication cost (CNY)
<200 207 49.60
200-500 163 39.10
5001000 45 10.80
>1000 2 0.50

Notes: CNY, Chinese Yuan; BMI, body mass index.

Levels of ML, Medication Beliefs, Self-Efficacy for Appropriate Medication Use, and

lliness Perception

In this study, the total ML score among patients with CHD and DM was 77.09 + 10.29. The mean scores for the five
dimensions were as follows: acquisition (16.78 + 2.64), comprehension (23.70 £ 3.49), communication (9.57 + 1.58),
evaluation (10.39 + 1.73), and calculation (16.65 + 2.53). For medication beliefs, the total score was 6.26 + 4.57, with
scores of 19.84 + 3.02 for necessity of medication and 13.58 + 3.23 for concerns of medication. The total score for self-
efficacy for appropriate medication use was 30.21 + 4.71, including 12.58 £ 2.27 for under uncertain circumstances and
17.63 + 2.82 for under difficult circumstances. The total score for illness perception was 40.52 + 7.01, with subdimension
scores of 26.52 + 4.59 for cognitive representation, 10.29 £ 2.45 for emotional representation, and 3.70 + 1.34 for
understanding of the illness. Complete results for all variables and dimensions are summarized in Table 2.

Common Method Bias Test
Harman’s single-factor test showed that the first unrotated factor accounted for 28.36% of the total variance, which was
below the commonly used threshold of 40%.>® This result suggested that common method bias was unlikely to be
a serious concern in the present study.
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Table 2 The Means, Centrality Indices (with 95% Bootstrap Confidence Intervals), and Predictability for Each Dimension (N = 417)

Variables Mean £ SD El Coefficient El (95% CI) BEI Coefficient BEI (95% CI) Predictability
Medication Literacy 77.09+10.29

Acquisition 16.78+2.64 0.72 (0.55, 0.94) —0.10 (-0.22, 0.07) 0.64
Comprehension 23.70+3.50 0.89 (0.69, I.11) 0.01 (—0.11, 0.26) 0.71
Communication 9.57+1.58 0.51 (0.27, 0.64) -0.20 (-0.36, —0.06) 0.54

Evaluation 10.39£1.73 0.53 (0.29, 0.70) —0.25 (-0.36, —0.04) 0.59
Calculation 16.65+2.53 0.77 (0.63, 1.01) 0.29 (0.12, 0.44) 0.64
Medication beliefs 6.26+4.57

Medication necessity 19.84+3.02 0.23 (0.05, 0.36) 0.35 (0.05, 0.36) 0.14
Medication concern 13.58+3.23 0.01 (-0.17,0.19) -0.10 (-0.18, 0.17) 0.15

Self-efficacy for appropriate medication use 30.21+4.71

Under uncertain circumstances 12.58+2.27 0.56 (0.29, 0.71) 0.24 (—0.20, 0.24) 0.56
Under difficult circumstances 17.63+£2.82 0.47 (0.22, 0.63) 0.12 (-0.23, 0.15) 0.55
lliness perception 40.52+7.01

Cognitive representation 26.52+4.59 0.26 (0.07, 0.45) —0.64 (-0.43, —0.18) 0.50
Emotional representation 10.29+2.45 0.48 (0.24, 0.63) —0.12 (-0.09, 0.20) 0.33
Understanding of the illness 3.70+1.34 —0.43 (—0.65,-0.26) —-I1.10 (-0.72, —0.44) 0.48

Note: SD = standard deviation. El = expected influence; BEI = bridge expected influence (2-step). 95% bootstrap confidence intervals were computed from 1,000 non-
parametric bootstrap samples. Values in parentheses indicate the lower and upper bounds of the 95% CI. Some Cls have been rounded to two decimal places for readability.

Network Analysis
Network Structure

Before network estimation, zero-order Pearson correlation coefficients were calculated to describe the overall bivariate
associations among the study variables, as shown in Figure 1. In general, the five dimensions of medication literacy were
positively correlated with medication necessity and self-efficacy for appropriate medication use (under difficult and
uncertain circumstances), while showing negative correlations with medication concerns and the three dimensions of
illness perception.

The mean, SD, centrality indices, bridge centrality indices, and predictability values of all nodes are presented in
Table 2. As shown in Figure 2, the estimated network contained 44 nonzero edges among 66 possible edges, including 22
positive and 22 negative edges. The signed edge weights ranged from —0.143 to 0.464. The mean edge weight was 0.038.
The exact edge weights of all nonzero edges are provided in Table 3.

Among cross-subnetwork connections, the edge weight between S1(medication use under difficult circumstances)-M5
(calculation) was the largest (edge weight = 0.24). MB1 (necessity of medication) was positively correlated with M2
(comprehension) and M4 (evaluation), with edge weights of 0.15 and 0.13, respectively. M5 (calculation) was positively
correlated with S2 (medication use under uncertain conditions) (edge weight = 0.14). Of note, node M4 (evaluation) was
negatively correlated with DB1 (cognitive representation of illness) and DB3 (understanding of illness), with edge
weights of —0.14 and —0.13, respectively.

Node Predictability

The average predictability was 48.6%. As shown in Table 2, among all nodes, M2 (comprehension) showed the highest
predictability value (71.0%). Notably, all five dimensions of ML (M1-MS5), both dimensions of self-efficacy for
appropriate medication use (S1-S2), and DBI1 (cognitive representation of illness) showed predictability values of
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Figure | Zero-order Pearson correlations among study variables (N = 417).

Notes: Blue indicates positive correlations, red indicates negative correlations. *P < 0.05, **P < 0.01, ***P < 0.001. S|: medication use under difficult circumstances; S2:
medication use under uncertain circumstances; MBI: necessity of medication; MB2: concern of medication; DBI: cognitive representation of illness; DB2: emotional
representation of illness; DB3: understanding of illness; MI: acquisition; M2: comprehension; M3: communication; M4: evaluation; M5:calculation.

approximately 50% or higher. In contrast, MB1 (necessity of medication) and MB2 (concern of medication) showed low
predictability values of 14.4% and 15.0%, respectively.

Network Nodes’ Centrality and Bridge Centrality

The EI coefficient and BEI coefficient of network nodes were shown in Figures 3 and 4 and Table 2. Among all nodes,
M2 (comprehension) demonstrated the highest EI coefficient, indicating that interventions targeting the improvement of
patients’ ability to comprehend medication information may produce the strongest cascading activation effects on other
variables in the network. DB3 (understanding of the illness) exhibited negative and low centrality indices in the network
analysis (EI = —0.487; BEI = —1.159; predictability = 0.478), indicating its relatively peripheral position and weak direct
connections with core variables such as medication literacy, medication beliefs, and self-efficacy for appropriate
medication use.

Among the bridge nodes, MB1 (necessity of medication) demonstrated the highest BEI coefficient (0.35), identifying
it as a important bridge between the medication beliefs subnetwork and the medication literacy subnetwork. Thus, in
clinical practice, strengthening patients’ belief in medication necessity may represent the most efficacious psychological
pathway to improving medication literacy. Bootstrapped difference tests were conducted to compare the centrality indices
between nodes. The results of the expected influence (EI) difference test and bridge expected influence (BEI) difference
test are presented in Figure 5 and 6, respectively. These results showed that some pairwise differences in EI and BEI were

statistically significant; however, not all nodes differed significantly from one another.

10 https: Patient Preference and Adherence 2026:20



Liang et al

D

Q

©

=

Figure 2 Network structure of medication literacy and psychological factors.
Notes: Nodes represent the dimensions of medication literacy and psychological factors included in the network model. Edges represent regularized partial correlations
between two nodes after controlling for all other nodes in the network. Blue solid edges indicate positive associations, and red dashed edges indicate negative associations.
Edge thickness is proportional to the magnitude of the corresponding edge weight, with thicker edges indicating stronger associations. The pie around each node indicates

node predictability (R?).

Beliefs about Medicines

o MB1: necessity of medication

o MB2: concern of medication

Brief lliness Perception

o DB1: cognitive representation of iliness

o DB2: emotional representation of illness

o DBB3: understanding of illness

Medication Literacy

M1: acquisition

M2: comprehension

M3: communication

M4: evaluation

M5: calculation

Self-Efficacy for Appropriate Medication Use

o S1: medication use under difficult circumstances

o S2: medication use under uncertain circumstances

Test of the Accuracy of Network Edge Weights and the Stability of Node Centrality
As shown in Figures 7 and 8, bootstrapping procedures indicated narrow 95% confidence intervals for edge weights,

suggesting good precision. Typically, the Correlation Stability Coefficient should exceed 0.25, with a preferred value

Table 3 The Edge Weights in the Network Model of Medication Literacy, Medication Beliefs,
Self-Efficacy for Appropriate Medication Use, and lliness Perception (N = 417)

Si S2 MBI | MB2 | DBI | DB2 | DB3 | MI M2 | M3 | M4 | M5
SI 0
S2 0.46 0
MBI | —0.04 | —0.03 | 0
MB2 | —0.03 | —0.06 | 0 0
DBI | —0.03 | —0.01 | O 0.04 0
DB2 | —0.05 | —0.01 | 0.0l 0.12 0.41 0
DB3 | —0.09 | —0.05 | 0 0.04 0.15 0 0
Ml 0 0.03 0 0 —0.05 |0 —0.09 | 0
M2 0 0.09 015 [0 —0.08 | 0 —0.09 | 035 | 0
M3 0 0 0 —0.01 | —0.02 | 0 —0.10 | 025 | O 0
M4 0 0 013 |0 —0.14 {0 —0.13 | 0.04 | 026 | 031 | O
M5 0.24 0.14 0 —0.08 | 0 0 —0.07 | 0.19 | 0.21 | 0.09 | 0.06 | O

Note: S|: medication use under difficult circumstances; S2: medication use under uncertain circumstances; MBI:
necessity of medication; MB2: concern of medication; DBI: cognitive representation of illness; DB2: emotional repre-
sentation of illness; DB3: understanding of illness; MI: acquisition; M2: comprehension; M3: communication; M4:
evaluation; M5: calculation.
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Figure 3 Expected influence coefficients of network nodes.
Notes: Expected influence is a centrality index that reflects the sum of all edge weights connected to a node. Higher values indicate stronger overall connections with other
nodes in the network.
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Figure 4 Bridge expected influence coefficients of network nodes.
Notes: Bridge expected influence is a bridge centrality index that reflects the sum of edge weights connecting a node with nodes from other predefined communities.
Higher values indicate stronger cross-community connections.
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Figure 5 Bootstrapped difference tests for expected influence.
Notes: Black squares indicate statistically significant differences between the expected influence values of two nodes, whereas gray squares indicate non-significant
differences. The values on the diagonal represent the estimated expected influence values for each node.

greater than 0.5. The correlation stability coefficients for EI and BEI were 0.751, indicating that even after removing up
to 75.1% of the samples (for EI and BEI), centrality measure rankings estimated from the reduced datasets remained

strongly correlated with the full dataset.

Discussion
Level of ML in Patients with CHD and DM

The results of this study showed that the ML score of patients with CHD and DM was 77.09 £ 10.29, with an item mean
score of 3.35 £ 0.45, and the scoring rate was 67.03% (calculated as total score divided by maximum possible score x
100%, 77.09/115 x 100%), indicating a moderate level of ML. Although the measurement tool for ML used in this study
has not been reported in previous literature, the findings are consistent with existing research on ML, suggesting that
there remains substantial room for improvement in this patient population. Among the various dimensions of ML, the
evaluation dimension scored the highest (3.46 + 0.58), indicating that patients possess relatively strong abilities in
accessing medication information, self-monitoring of medication use, and observing adverse drug reactions.'>**** The
communication dimension scored the lowest (3.19+0.53), reflecting insufficient willingness among patients to proactively
communicate medication-related information with healthcare providers, family members, or others. Based on these
findings, clinical interventions should prioritize enhancing patients’ medication-related communication skills with both

healthcare professionals and family members, serving as a key strategy for improving overall medication literacy.
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Figure 6 Bootstrapped difference tests for bridge expected influence.
Notes: Black squares indicate statistically significant differences between the bridge expected influence values of two nodes, whereas gray squares indicate non-significant
differences. The values on the diagonal represent the estimated bridge expected influence values for each node.

Edges Between Subnetworks

Across different subnetworks, the edge between S1 (medication use under difficult circumstances) and M5 (calculation)
exhibited the strongest connection (edge weight = 0.24) and showed a positive association. This finding suggests that
medication-related calculation ability may be closely associated with patients’ confidence in adhering to medication
under difficult circumstances among patients with CHD and DM.

Previous studies have reported that calculation ability may play a critical role in supporting self-efficacy in
medication use when patients face difficulties in medication management.*>** Patients with CHD and DM typically
face complex medication regimens, which involve multiple hypoglycemic agents, antiplatelet drugs, lipid-lowering
medications, and others.'* The clinical relevance of this issue is further supported by a regional cross-sectional study
among patients with chronic diseases, which reported that nearly one-quarter of participants were nonadherent to their
medications, with side effects and forgetfulness identified as important reasons for nonadherence.*> These factors may
represent examples of difficult medication-taking situations in which patients need adequate medication-related skills and
confidence to maintain regular medication use.

The American Diabetes Association (ADA)’s Standards of Care in Diabetes emphasizes that for patients requiring
insulin therapy, a strategy of “adjusting mealtime doses based on anticipated needs” should be adopted, which requires
patients to possess certain calculation ability. Patients need to be able to perform numerical calculations to determine the

total number of pills they need to take daily, as well as to identify and respond to potential side effects in order to
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Figure 7 Accuracy of edge-weight estimates based on nonparametric bootstrap.
Notes: The plot shows the 95% bootstrap confidence intervals of edge weights based on 1000 nonparametric bootstrap samples. Narrower intervals indicate greater
precision of edge-weight estimation.

effectively manage their medication regimen.*® Calculation ability serves as a foundational ability for patients to cope
with medication complexity and mitigate medication-related risks. Strong calculation ability not only helps patients
interpret blood glucose values and calculate medication dosages but also enables them to understand medication risks,
plan medication timing and doses in advance, and solve practical medication-related problems through logical thinking
and mathematical skills, ultimately making appropriate health-related decisions.*’

Therefore, when patients possess sufficient medication-related calculation skills, they can more effectively address
various medication-related issues in real-world medication scenarios, thereby enhancing their confidence in taking
medications regularly as prescribed. Furthermore, the study by Bouclaous et al demonstrated that patients with higher
levels of self-efficacy tend to exhibit stronger calculation ability.*> Thus, a positive cycle may exist between calculation
ability and confidence in adhering to medication under difficult circumstances: stronger computational ability may
support patients with CHD and DM to perform various complex medication-related calculations, thereby enhancing
their medication self-efficacy in challenging situations; this confidence in “believing one can adhere to medication in
difficult situations” may motivate patients to more proactively embrace such challenges and further improve their
computational skills through learning.

Hence, to strengthen the relationship and strive to establish a positive cycle between medication literacy and self-
efficacy for appropriate medication use among patients with CHD and DM, healthcare providers should proactively
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Figure 8 Case-dropping bootstrap stability of centrality indices.
Notes: The plot shows the stability of expected influence and bridge expected influence under the case-dropping bootstrap procedure. The correlation stability coefficient
was calculated to evaluate the robustness of centrality estimates.

explore effective methods to enhance patients’ calculation ability. In clinical nursing practice, this can be achieved by
enhancing medication education through the integration of dose-calculation aids, scenario-based simulations, and feed-
back-driven instruction.*’

Core Node

This study showed that M2 (comprehension) had the highest EI and predictability, suggesting that M2 occupied
a statistically central position in the network comprising ML, self-efficacy for appropriate medication use, medication
beliefs, and illness perception among patients with CHD and DM. This finding indicates that M2 had the strongest
overall pattern of associations with other variables in the network. Comprehension refers to the ability to understand
medication-related information received or obtained from different sources and plays a critical role in safe and effective
medication use.*® The qualitative study by Xu et al emphasized that understanding one’s medications is crucial for
enhancing the confidence of older patients with CHD in adhering to their medication regimens.*’ According to the
Knowledge-Attitude-Practice Theory, when patients with CHD and DM acquire and understand medication information,
they may develop medication beliefs and adjust illness perceptions.”® Taken together, these findings indicate that
medication comprehension is not only a key component of ML but also closely related to self-efficacy for appropriate
medication use, medication beliefs, and illness perceptions. Thus, medication comprehension should be regularly
assessed and considered a high-priority target for ML interventions, especially in patients with complex long-term
comorbid conditions.

It is noteworthy that the three illness perception nodes (DB1-DB3) showed lower EI than most ML dimensions (M1-
M5) in this network. This result should not be interpreted as indicating that illness perception is unimportant. Rather, it
may suggest that illness perception plays a more distal or background role in the network. Several explanations may
account for this finding. First, ML is directly embedded in daily medication use and may therefore have stronger direct
connections with self-efficacy for appropriate medication use and medication beliefs. Previous studies have supported
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close associations among ML, medication self-efficacy, medication beliefs, and medication adherence in patients with
chronic diseases.**>! In contrast, illness perception reflects patients’ cognitive and emotional representations of illness,
and its influence on medication-related behaviors may be more indirect.’® Second, patients with CHD and DM often
experience long-term disease management, and their illness perceptions may have become relatively stable over time. By
contrast, ML may be more directly influenced by current medication education, medication-taking experience, and
healthcare communication, making it more closely connected with other modifiable factors in the network.

Therefore, the lower centrality of illness perception nodes does not mean that illness perception should be ignored.
Instead, it suggests that ML dimensions may serve as more immediate intervention targets, while illness perception
should be considered an important psychological background factor that may influence medication-related behaviors
through beliefs, self-efficacy, and coping processes.

Bridge Node

In this network model, MB1 (necessity of medication) showed the highest BEI, indicating the strongest cross-community
associations among ML, self-efficacy for appropriate medication use, medication beliefs, and illness perception in
patients with CHD and DM. Based on the edge-weight results, MB1 was positively associated with M2 (comprehension)
and M4 (evaluation), with edge weights of 0.15 and 0.13, respectively. In contrast, the connections between MB1 and
self-efficacy for appropriate medication use or illness perception nodes were relatively weak. These findings suggest that
the bridging role of MB1 was mainly reflected in its associations with ML dimensions, particularly comprehension and
evaluation, rather than in direct connections with illness perception or self-efficacy nodes. Medication necessity refers to
patients’ beliefs about the need for prescribed medication to control disease and prevent adverse outcomes. The positive
associations between MB1 and the ML dimensions of comprehension and evaluation suggest that patients who better
understand and evaluate medication information may be more likely to recognize the value of long-term pharmacother-
apy. This interpretation is consistent with previous evidence showing that ML is related to medication beliefs and
medication adherence in patients with chronic diseases.*? It is also broadly consistent with the Necessity-Concerns
Framework, which emphasizes that medication-taking behavior is related to patients’ perceived need for treatment and
their concerns about potential adverse consequences.” In addition, Jiang et al reported that medication belief profiles
differed among patients with type 2 diabetes and that patients with stronger necessity beliefs and lower concern beliefs
tended to show better medication adherence.® These studies support the importance of assessing both medication
necessity and concerns in patients with long-term chronic diseases.

Therefore, clinical interventions may consider medication necessity as a potential target for improving medication
management in patients with CHD and DM. Healthcare professionals should assess patients’ beliefs about the necessity
during clinical consultations and follow-up visits, especially among patients with insufficient medication understanding
or concerns about long-term drug use. Individualized medication education using plain language, medication lists,
figurative explanations, visual materials, popular science videos, or illustrated educational materials may help patients
better understand the purpose and benefits of long-term pharmacotherapy. These strategies may strengthen patients’
perceived necessity of medication and support appropriate medication use, but their effectiveness should be further
evaluated in future intervention studies.

Limitations

Several limitations of this study should be acknowledged. First, participants were recruited using convenience sampling
from two tertiary Grade A hospitals and one community health service center in Guangdong Province. As a non-
probability sampling method, convenience sampling may have introduced selection bias and may limit the general-
izability of the findings. Therefore, caution is needed when extending the findings to patients with CHD and comorbid
DM in other healthcare settings, rural areas, or less developed regions. Second, all variables were assessed using self-
reported questionnaires, which may be subject to reporting biases, such as social desirability bias and recall bias.
Although Harman’s single-factor test suggested that common method bias was unlikely to be a serious concern in this
study, the possibility of common method variance cannot be completely ruled out. Third, the cross-sectional design
precludes causal inference. Therefore, the central and bridge nodes identified in this network should be interpreted as
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statistical associations rather than causal determinants or confirmed intervention targets. Longitudinal and interventional
studies are needed to clarify the temporal and potentially causal relationships among medication literacy, medication
beliefs, self-efficacy for appropriate medication use, and illness perception. Fourth, the network model was limited by the
variables and node levels included in the analysis. Demographic, clinical, and medication-related variables, such as
educational level, age, disease duration, and medication regimen characteristics, were not incorporated into the network
estimation, and the observed edges may therefore have been confounded or moderated by unmodeled variables. In
addition, this study used dimension-level scores as network nodes. Although this approach reduced model complexity
and improved interpretability, it may have obscured item-level heterogeneity within each dimension and may have
strengthened associations between dimensions from the same scale. Finally, although the network showed acceptable
stability, some nodes, particularly medication belief nodes, had relatively low predictability, suggesting that part of their
variance may be explained by factors not included in the current network. Future studies should use probability sampling
or more diverse multicenter samples, combine self-reported data with objective medication-related indicators, and
consider covariate-adjusted networks, subgroup network comparisons, moderated network models, or item-level and
multilevel network analyses to further validate and extend these findings.

Conclusion

This study employed network analysis to investigate the current status of ML and its complex relationships with
medication beliefs, self-efficacy for appropriate medication use, and illness perceptions in patients with CHD and DM.
The results revealed an overall moderate level of ML among the patients. Network analysis identified M2 (comprehen-
sion) as a statistically central node within the network, while MB1 (necessity of medication) served as a statistically
critical bridge node. Based on these findings, clinical interventions may benefit from focusing on patients’ medication
comprehension, reinforcement of medication necessity beliefs. This study provides an important theoretical foundation
for developing targeted strategies to improve ML in patients with CHD and DM, although further longitudinal or
interventional studies are needed to establish causality.
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