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Purpose: Suboptimal adherence to pharmacotherapy for modifiable atherosclerotic risk factors (hypertension, dyslipidaemia, and
diabetes) remains a major barrier to effective secondary prevention, particularly in newly diagnosed middle-aged individuals.
Patients and Methods: This retrospective cohort study evaluated the effects of a novel visually aided atherosclerosis education
intervention in which clinicians used computed tomography (CT) images to show atherosclerotic calcification and explain plaque
progression on adherence. Non-smoking males aged 45-60 years (n = 153) who underwent health screening at Peking Union Medical
College Hospital (March—October, 2024) were stratified into educated (CT-based visualisation of atherosclerotic calcification progres-
sion and risk factor education, n = 76) and non-educated (n = 77) groups. K-means cluster analysis was used to classify participants
based on low-density lipoprotein cholesterol (LDL-C), glycated haemoglobin (HbAlc), and systolic blood pressure (SBP) control as
a proxy for adherence. Group differences in cluster distribution (reflecting adherence patterns) were assessed using the chi-square test.
Results: Cluster analysis identified four distinct adherence patterns: cluster 1 (Optimal Control, 67 patients), cluster 2 (Suboptimal
Lipid Control, 61 patients), cluster 3 (Suboptimal Glycaemic Control, 14 patients), and cluster 4 (Suboptimal BP Control, 11 patients).
The educated group had significantly more individuals in Cluster 1 (Optimal Control: 53.9% vs 33.8% in the uneducated group, p =
0.012) and fewer suboptimally controlled risk factors (46.1% vs 66.2%, p = 0.012).

Conclusion: Structured, visually aided atherosclerosis education significantly improved adherence to secondary prevention measures
and optimised risk factor control. Integrating this evidence-based intervention into routine clinical practice may enhance patient
engagement and improve long-term outcomes.

Keywords: medication adherence, atherosclerosis secondary prevention, visual health education, cardiovascular risk factors, health
literacy

Introduction
The onset and incidence of hypertension, hyperlipidaemia, and diabetes in middle-aged and older populations are critical
factors that contribute to atherosclerosis development and subsequent cardiovascular events.' Timely control of these
modifiable risk factors confers substantial benefits in preventing atherosclerosis progression and reducing cardiovascular
morbidity and mortality.*

Despite the proven benefits of secondary prevention, adherence to suboptimal medications remains a pervasive
challenge that undermines its effectiveness. Globally, poor adherence to cardiovascular medications is widespread, with
studies estimating that approximately 50% of patients do not take their prescribed medications, leading to inadequate risk

factor control and worse clinical outcomes.®® Traditional educational methods, which often rely on verbal instructions or
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pamphlets, may fail to sufficiently motivate behavioural change by making the abstract threat of atherosclerosis feel less
immediate.

The literature confirms that improving medication adherence necessitates multifaceted approaches that incorporate
digital tools, personalised counselling, behavioural interventions, and barrier mitigation to enhance compliance and
reduce cardiovascular risk.’”'? In this context, visual aids have emerged as potent tools for enhancing comprehension and
risk perception. By making invisible pathological processes tangible, visual-based interventions can directly influence
key determinants of health behaviour, such as perceived susceptibility and severity, as outlined in the Health Belief
Model."*'* For instance, systematic reviews increasingly underscore the value of personalised risk communication,
which can be powerfully facilitated by visualising individual pathologies using techniques such as vascular ultrasound or
computed tomography (CT) imaging.®'> However, evidence on the specific impact of CT-based visual education on
adherence in the middle-aged population, where early intervention is crucial, remains limited.

Therefore, this study aimed to evaluate the impact of a novel visually aided atherosclerosis education intervention
using CT images to illustrate individual calcified plaques and their potential progression on adherence to secondary
prevention measures in this key demographic region.

Materials and Methods

Ethical Considerations

This study was approved by the Institutional Review Board of the Peking Union Medical College Hospital (PUMCH;
approval no. 1-24PJ1686). The requirement for informed consent was waived due to the retrospective design and
anonymised nature of the data. The study adhered to the principles of the Declaration of Helsinki.

Study Setting

Beginning in March 2023, a visually aided atherosclerosis education episode was integrated into health examination
feedback sessions for patients. This standardised session, delivered by the attending physicians during the feedback
consultation, typically lasted 5—7 minutes. During CT scan interpretation, clinicians demonstrate atherosclerotic calcifi-
cations in the mediastinal window of the aorta, its major branches, and the coronary arteries. Serial imaging illustrating
calcified plaque progression over time was used to educate patients on modifiable risk factors (smoking, hypertension,
dyslipidaemia, and diabetes mellitus), emphasising the need to control these risk factors through pharmacotherapy when
indicated.

This retrospective cohort study evaluated the impact of visually aided atherosclerosis education on adherence to
secondary prevention measures, with participants stratified into an educated group (those receiving the education module
during their 2023 health feedback session) and a non-educated group (those not receiving this intervention). Group
assignment was definitively determined by whether the patient had received a specific feedback consultation in 2023,
during which time the novel visual atherosclerosis education was delivered.

Inclusion and Exclusion Criteria

Health examination reports of contracted members from the Department of Health Medicine were consecutively enrolled,
with the following inclusion criteria applied to mitigate the confounding effects of sex and smoking status on glucose
metabolism, blood pressure, and lipid profiles:'® never-smoking males aged 45-60 years who completed
a comprehensive health screening package between March 1 2024 and October 31 2024. This selective inclusion was
intended to enhance the internal validity of educational effects by reducing known confounding factors, although it may
limit the generalisability of the findings. Participants with clinically significant unstable comorbidities (eg, active
malignancies or systemic infections) during screening were excluded.

Data Collection
Health examination data were retrospectively abstracted for consecutively enrolled non-smoking male members (aged
45-60 years) undergoing comprehensive screening at Peking Union Medical College Hospital between March 1 and
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October 31, 2024, with the following parameters extracted: glycemic control metrics including fasting blood glucose
(FBG) and glycated hemoglobin (HbA1c); lipid profile comprising triglycerides (TG), low-density lipoprotein cholesterol
(LDL-C), and total cholesterol (TC); and blood pressure measurements (systolic [SBP] and diastolic [DBP]).

Statistical Analysis

K-means cluster analysis was applied to the baseline LDL-C, HbA lc, and SBP values as key pharmacotherapeutic targets
for dyslipidaemia, diabetes, and hypertension. This study identified distinct patterns of risk factor control, reflecting the
overall adherence to atherosclerotic secondary prevention. Continuous variables are expressed as mean + standard
deviation (SD) or median (interquartile range [IQR]) for normally and non-normally distributed data, respectively
(Table 1). The association between educational status (educated vs uneducated) and clustered adherence patterns was
assessed using the chi-square test (Table 2). Analyses were performed using the Statistical Package for the Social
Sciences (SPSS) Modeller (Professional Authorised User V 18.4, IBM).

Results

Baseline Characteristics of Participants

Data of 153 male patients with an average age of 57.41 years were included in this study. There were 77 uneducated
participants with an average age of 57.38, and 76 educated participants with an average age of 57.45. The metabolic
indicators of each group are listed in Table 1, which shows that the two groups were comparable at baseline.

Table | Distribution of Metabolic Indicators

Total Non-educated Group | Educated Group
(n=153) (n=77) (n=76)

Age (meanSD)(years) 57.41 +2.86 57.38+2.89 57.45+2.85

TG (meanxSD)(mmol/L) 1.38+0.69 1.40+0.62 1.36+0.75

LDL-C (mean+SD) (mmol/L) | 2.77+0.86 2.91£0.93 2.63+0.76

HbAlc (meanxSD) (%) 5.88+0.48 5.94+0.57 5.81+0.37

FBG (mean+SD)(mmol/L) 5.98+0.89 6.12£1.10 5.83+0.58

SBP (mean*SD)(mmHg) 121.03£12.39 | 123.48+12.46 118.55+11.88

DBP (meanSD)(mmHg) 75.23+8.22 76.04+9.37 74.41+6.82

Abbreviations: TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HbA ¢, glycosylated haemoglobin;
FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 2 Association Between Education Status and Clustered Adherence Patterns

Non-educated Educated e Phi ¢ [95% CI] P
Group (n=77) Group (n=76)

Cluster | 26 (33.8%) 41 (53.9%) 6.329 0.203 [0.049, 0.365] 0.012
Cluster 2 33 (42.8%) 28 (36.8%) 0.577 —0.061 [-0.221, 0.108] 0.447
Cluster 3 10 (13.0%) 4 (5.2%) 2.745 —0.134 [-0.273, 0.020] 0.098
Cluster 4 8 (10.4%) 3 (3.9%) 2.379 —0.125 [-0.259, 0.033] 0.123
Cluster 2-4 51 (66.2%) 35 (46.1%) 6.329 —0.203 [-0.356, —0.036] 0.012

Notes: Cluster |: Cluster with Optimally Controlled Atherosclerotic Risk Factors, Cluster 2: Suboptimal Lipid Control Cluster,
Cluster 3: Suboptimal glycaemic control cluster, Cluster 4: Suboptimal blood pressure control Cluster, Cluster2-4: Cluster with
suboptimally controlled Atherosclerotic Risk Factors. A comparison was made between the non-educated (n=77) and educated
groups (n=76).
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Cluster Analysis of Atherosclerotic Risk Factors
K-means cluster analysis was performed for LDL-C, HbAlc, and SBP levels. The optimal number of clusters (K = 4)
was determined by evaluating solutions from three to nine clusters and selecting the one that best met the clinical validity
and technical adequacy, as supported by a silhouette coefficient of 0.5. The predictors were LDL-C (1.0), HbAlc (0.70),
and SBP (0.48) (Figure 1).

The four distinct adherence patterns are summarised as follows (Table 2):

Cluster 1: Optimal Control (n = 67): This group achieved all three risk factor targets (LDL-C <2.6 mmol/L, HbAlc
<6.3%, SBP ~119.42 mmHg) (Figure 2).

Cluster 2: Suboptimal Lipid Control (n = 61): Characterised by inadequately controlled LDL-C (>2.6 mmol/L)
despite controlled HbAlc and SBP (Figure 3).

Cluster 3: Suboptimal glycaemic control (n=14): elevated HbAlc (>6.3%) with optimal LDL-C and normotensive
status (Figure 4).

Cluster 4: Suboptimal Blood Pressure control (n=11): poorly controlled SBP (>140 mmHg) with suboptimal LDL-C,
while HbAlc was controlled (Figure 5).

A schematic flowchart illustrating the participant grouping and resulting clusters is presented in Figure 6, which
provides a visual summary of the study cohort.

Distribution of Clusters Among Education Groups

Chi-square analysis revealed a differential cluster distribution based on the recipient of education on visually aided athero-
sclerosis treatment. Compared to non-recipients, education recipients had significantly more individuals with Optimally
Controlled Atherosclerotic Risk Factors (53.9% vs 33.8%, x*=6.329, p=0.012; Phi ¢ = 0.203, 95% CI [0.049, 0.365]). Non-
recipients tended to have a higher proportion of Suboptimal Blood Pressure Control (SBPC) (10.4% vs 3.9%) and a greater
representation of suboptimal glycaemic control (13.0% vs 5.2%). When clusters with suboptimal risk factor control were

Input (Predictor) Importance

B1.00080060400200.0

Cluster 1 2 3 4
Size

43.8% 39.9% 9.2% 7.2%
(67) (61) (14) (11)

Inputs

SBP SBP SBP SBP
119.42 117.20 124.21 148.09

Figure | Clustering of Atherosclerotic Risk Factors.
Notes: Predictor importance of the three variables (LDL-C, HbAlc, and SBP) in the K-means cluster analysis. The analysis identified LDL-C as the most important
discriminator among the clusters.
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Figure 2 Distribution of Risk Factors in Different Clusters.
Notes: Radar chart illustrating values of LDL-C, HbAlc, and SBP across the four identified clusters. Cluster | (Optimal Control) shows good performance for all three
parameters.
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Figure 3 Distribution of LDL-C in Cluster 2.
Notes: Distribution of low-density lipoprotein cholesterol (LDL-C) levels for the 61 participants in Cluster 2 (Suboptimal Lipid Control).
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Figure 4 Distribution of HbAlc in Cluster 3.
Notes: Distribution of glycated haemoglobin (HbAIc) levels for the 14 participants in Cluster 3 (Suboptimal Glycemic Control).

combined into a single group due to limited sample sizes in individual clusters, clinically significant differences emerged: non-
recipients had significantly more individuals with Suboptimally Controlled Atherosclerotic Risk Factors (66.2% vs 46.1%,
¥°=6.329, p=0.012; Phi ¢ = —0.203, 95% CI [-0.356, —0.036]).

Discussion

Atherosclerotic risk factors include non-modifiable factors (genetics, age, and sex) and modifiable factors (smoking,
hypertension, dyslipidaemia, and diabetes). The most modifiable risk factors typically emerge during middle age.'”'®
Following diagnosis, standardised pharmacotherapy is often challenging for previously healthy middle-aged individuals
to accept.'” This study focused on the critical importance of adherence to the secondary prevention of atherosclerosis. To
identify improvement strategies, the effects of a novel visually aided atherosclerosis education intervention were
evaluated on adherence to secondary prevention measures.

For example, the global hypertension epidemic remains largely uncontrolled, with hypertension persisting as the
leading cause of noncommunicable disease mortality worldwide.'® Suboptimal adherence, manifested as a failure to
initiate pharmacotherapy, take prescribed medications, or maintain long-term therapy, is a well-established contributor to
poor blood pressure control.” Their subjective health beliefs may influence patient acceptance of medical advice. Self-
perceived control over blood pressure reduction may decrease medication reliance and subsequently increase nonadher-
ence. Notably, Cluster 4 in this study represented this self-determined blood pressure management group, which was
characterised by untreated or inadequately treated hypertension. Consequently, lipid control is suboptimal, owing to poor
medication adherence.

Medication compliance is paramount in managing chronic conditions such as dyslipidaemia and diabetes. Poor
compliance leads to uncontrolled glucose levels, elevated cholesterol levels, increased stroke, myocardial infarction, and
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Figure 5 Distribution of SBP in Cluster 4.
Notes: Distribution of systolic blood pressure (SBP) levels for the || participants in Cluster 4 (Suboptimal Blood Pressure Control).

an increased risk of complications.”® Newly diagnosed patients with dyslipidaemia often prefer non-pharmacological
approaches (dietary modification and exercise), although evidence confirms their limited efficacy in achieving lipid
targets.”'*? Delays in observing non-pharmacological effects prolong vascular exposure to hyperlipidaemia, thereby
increasing the risk of cardiac events, stroke, and other cardiovascular outcomes.”® Effective diabetes management
typically requires multidrug regimens. This often leads to reluctance among older patients.”* Cluster 2 represented
patients undergoing excessive lipid observation periods, whereas Cluster 3 comprised patients with inadequate self-
monitoring and pharmacotherapy for diabetes.

The beneficial effects of the intervention can be understood through psychological models of health behaviours. The
CT-based visualisation directly operationalises components of the Health Belief Model by making the invisible threat of
atherosclerosis visible and tangible.'>'* It enhances perceived susceptibility (by showing “this is happening in my body”)
and perceived severity (by illustrating plaque progression), thereby motivating action to reduce the threat through
improved adherence. These findings align with those of other studies utilising personalised motivational interventions,

1.'> However, this approach of using routine CT scans to

which have shown promise in improving risk factor contro
demonstrate calcification offers a novel and readily integrated method for standard health screening.

Higher education levels correlate with better adherence, because educated patients better comprehend their condition
and the need for treatment.'® Health literacy, the capacity to understand health information and make informed decisions,
is equally critical.'* Providing clear, concise condition- and medication-related information improves compliance, as
does health coaching.”® Therefore, the visually aided atherosclerosis education positively guided patients in terms of
disease cognition and awareness of complications. Visualisation reduced therapeutic inertia in Cluster 1 by enhancing the
perceived threat of plaque progression. The recipients demonstrated significantly higher rates of Optimally Controlled

Atherosclerotic Risk Factors (53.9%, P =0.012). Conversely, non-recipients exhibited substantially more individuals who
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Final Study Cohort
Never-smoking males aged
45-60
n =153

Stratification by
Education Status

Received Visual-Aided
Atherosclerosis Education

{

Did Not Receive
Visual Education

b

Educated Group
n=76

Non-educated Group
n=77

\

/

All Participants Underwent
K-means Cluster Analysis
Variables: LDL-C, HbA1c,
SBP

Figure 6 Flowchart of Participant Grouping and Cluster Analysis.

Resultant Clusters n = 153

Cluster 1
Optimal Control
n =67
All targets achieved

Cluster 2
Suboptimal Lipid
n =61
Elevated LDL-C

Cluster 3
Suboptimal Glycemic
n=14
Elevated HbA1c

Cluster 4
Suboptimal BP
n=11
Elevated SBP

Notes: This flowchart illustrates the participant grouping and cluster analysis process. The final cohort of 153 never-smoking males was stratified into Educated and Non-
educated groups based on the receipt of visual atherosclerosis education. All participants subsequently underwent K-means cluster analysis based on LDL-C, HbAlc, and

SBP, resulting in four distinct clusters of risk factor control.
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were suboptimally controlled for atherosclerotic risk factors (66.2%, p=0.012). It is important to note that this was
a retrospective study, and the results indicate a strong association between education and improved risk factor control.

This study has several limitations. First, its single-centre retrospective design and homogeneous cohort of non-
smoking Chinese males, while strengthening internal validity by reducing confounding factors, limit the generalisability
of the findings to other populations, including women and smokers. Second, the sample size, which encompassed all
eligible patients during the study period, limited the precision of the estimates for the smaller clusters (eg Clusters 3
and 4) and precluded a formal prospective power calculation. Finally, the lack of long-term follow-up data prevented
assessment of the durability of the intervention’s effect on adherence and hard cardiovascular outcomes.

Conclusion

This retrospective cohort study demonstrated that CT-based visual atherosclerosis education was strongly associated with
improved control of key atherosclerotic risk factors. CT-based visualisation directly targets the “perceived threat”
component of the Health Belief Model, bridging the intention-behaviour gap in adherence. Therefore, this study
recommends the integration of this evidence-based visual intervention into routine health-screening feedback sessions.
Future prospective randomised controlled trials are warranted to confirm the causal efficacy of this intervention and to
assess its long-term impact on cardiovascular events.
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