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Abstract: Background: Adherence to dual antiplatelet therapy (DAPT) is critical
for preventing adverse outcomes in acute coronary syndrome (ACS) patients
following percutaneous coronary intervention (PCI). Despite its importance, ad-
herence rates decline significantly over time, and limited research has explored
the dynamic trajectories of adherence and their predictors. Objective: To analyze
the dynamic trajectories of DAPT adherence over 12 months in ACS patients
post-PCI, identify predictors of adherence, and evaluate the impact of a digital
post-discharge management platform. Methods: This longitudinal observational
study included 100 ACS patients who underwent PCI. DAPT adherence was
assessed at 1, 3, 6, 9, and 12 months post-discharge using a digital management
platform. A latent variable growth model identified adherence trajectories, and
logistic regression analyzed predictors. Clinical outcomes were compared be-
tween adherence groups. Results: The study showed that the Adherence declined
from 88% at 1 month to 60% at 12 months. Three adherence trajectories were
identified: independently: 55% were consistently adherent to the diet regimen,
30% were slow deteriorators, and the remaining 15% were fast deteriorators.
Multivariate logistic regression examination of perceived barriers of medication
adherence revealed that smoking (OR = 2.18; p = 0.001), anxiety (OR =3.41;p =
0.000), low family support (OR = 0.43; p =0.000) and age > 65 years (OR =1.12;
p = 0.03) were significantly related and predictive of Apart from lack of knowl-
edge, forgetfulness (40%), side effects (25%), and costs (20%) caused forgetful-
ness. In those patients, non-adherence was linked with significantly higher level
of major adverse cardiac events (22.5% vs. 6%; p = 0.012) and re-hospitalization
(25% vs 9%; p = 0.026). The platform improved adherence at 6 months (76%
vs 70%; p = 0.04), patient satisfaction (92% vs 78%; p <0.01), and follow-up
completion rates (95% vs. 85%; p = 0.02).Conclu-sion: Patients following an
ACS and who have undergone PCI adhere poorly to DAPT with patients
differing in demographic, psychological and social predic-tors exhibiting

different trends over time. What was noted was the patient utility
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and efficacy of using a digital post-discharge management system in streamlining
practice. Taken together, these results reveal the necessity of developing individ-
ualised strategies for the promotion of medication compliance and its objectives.
Keywords: Dual antiplatelet therapy, acute coronary syndrome, per-cutaneous

coronary intervention, trajectories

Introduction

Cardiovascular diseases (CVDs) are responsible for the highest mortality
rates globally, and their global burden is increasing, especially in China. Based
on the “1990-2016 China and Provincial Cardiovascular Disease Burden Report”,
3,975,000 lives based on the “1990-2016 China and Provincial Cardiovascular

»11%1CVD was the leading cause of death in China in

Disease Burden Report
2010 and 2016 contributing to the total of 10.51 million deaths with an intermedi-
ate prevalence rate of 41 acute coronary syndrome (ACS), together with STEMI,
NSTEMI, and UA, is one of the most frequently occurring types of CVD!"™. It
occurs from occlusion to the coronary arteries and is a major challenge to health-
care facilities'®. The “2018 China Cardiovascular Disease Report” revealed that
death rate of acute myocardial infarction in urban and rural area were 58.69/ 100,
000 and 74.72/100, 000 respectively, stressing on the need for intervention[7-10].
percutaneous coronary intervention (PCI) has become the most popular type of
revascularization approach for ACS patients. The PCI volume in China in 2018
was 911,525 with 1.46 stents per PCI across all centres. Aspirin and P2Y12 re-
ceptor inhibitors are among the foundational pharmacological therapies for ACS
patients who undergo PCI and is referred to as dual antiplatelet therapy (DAPT)
(1141 According to clinical practice guidelines, merits of aspirin should be started
for all eligible ACS patients, combined with at least 12 months P2Y'12 inhibitor
therapy. DAPT is most beneficial during the re-endothelialization phase after PCI
since thrombosis is most likely to occur due to endothelial Abrasion by the bal-
loon or stent placement"”.

However, achieving durability with DAPT is still a major issue because
research shows that a large number of patients stop treatment before the recom-
mended time. Cues to poor adherence include age, education, gender, smoking
history, and the availability of the health care services''®. For instance, studies
show that the following factors as factors related to poor DAPT compliance:
Older age; Lower education levels; Living in rural areas. These studies alleged-
ly measure controllability at one point in time, thus not taking into account the
longitudinal character of compliance. Incorporating broader data from real-world
patients may increase knowledge of different patterns of DAPT use and help de-
velop more effective strategies to overcome patient nonadherence!' ", The need

to follow DAPT rises to a higher level with respect to care and management of
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patient, with corresponding public health benefits and economic consequences.
This poor compliance raises risks of other harms such as the stent thrombosis,
myocardial infarction, death, cost hikes hence worsening patients’ quality of life.
Tackling these issues calls for original research methodologies as well as func-
tional strategies'' ™).

Thus, the purpose of the present work is to fill the existing gap in the lit-
erature by analyzing the temporal patterns of DAPT compliance among ACS
patients following PCI. More specifically, employing method of latent variable
growth model this research aims at: a) uncovering different subtypes of patients’
compliance and b) determining the antecedents of these subtypes. The results
will thus contribute to building the theory as to what forms of follow-up could be
implemented in order to increase adherence rates. In addition, in order to survey
survivors, the study will take advantage of a telemedicine remote post-dissemi-
nation management tool- Internet platform For Patient Support and Data Collec-
tion. The study is closely related to clinical practice and to the society. Besides, it
tackles one of the most paramount and continuing client care challenges, namely
medication compliance as well as advances technology to improve patient man-
agement while responding to the global trends towards the digital world. Because
this research has the potential to identify factors that affect adherence and track
their dynamic influence, the results have the potential to guide current and future
recommendations and practices for managing patients with ACS after PCI so as
to minimize adverse events and produce the best possible outcomes for patients

and appropriate utilization of resources.

Aim of the Study

To investigate the dynamic trajectories of DAPT adherence among ACS
patients after PCI and identify factors influencing adherence to improve patient

outcomes.

Objectives

Analyze longitudinal changes in DAPT adherence over 12 months using
latent variable growth models.

Identify predictive factors, including sociodemographic, clinical, and psy-
chosocial influences on adherence.

Explore reasons for poor adherence and its relationship with clinical out-
comes.

Utilize a digital post-discharge management platform for real-time monitor-
ing and adherence improvement.

Generate evidence-based recommendations and disseminate findings to en-

hance cardiovascular care practices.

Methodology

Study Design: This study uses a prospective cohort observational approach
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to compare the changing time varying patterns of DAPT persistence among ACS
patients who underwent PCI. The participants’ adherence will be assessed after
1, 3, 6, 9 and at the end of 1 year follow-up after discharge from the hospital.
Through latent variable growth model, different adherence groups will be exam-
ined and predictors for these groups will be distinguished.

Study Setting and Population: The proposed study will take place in Ningbo
First Hospital and its affiliated institution because approximately 1600 PCI pro-
cedures are conducted in this hospital each year. The study subjects will consist
of patients who suffered an ACS and who received PCI between 1st June 2022
and 31st May 2023. Patients of 100 in total with the same inclusion criteria will

be selected.

Inclusion criteria:

1.Age >18 years.

2.Suffering from ACS with PCI intervention.

3.LVEF > 35 % and heart function Killip I-I11.

4 Possibility to use only a smartphone for the follow-up and communica-
tion.

5.Participant consent to be in the study.

Exclusion criteria:

1.Patients with one or more severe, non-moderate comorbid conditions or
contraindications to DAPT.

2.Patients who were discharged/ transferred, discharged against medical ad-
vice or died while being hospitalized.

3.Participants already enrolled in other trials.

Sample Size Calculation

The target population of the study was estimated using sample percentage
estimation method using the equations: Sample size = Z? * P * (1-P)/E?, where
Z = 1.96 for 95% confidence interval, a = 0.05/2 = 0.025 one tail and actual tol-
erance of = = 10/100 = 0.1 Preliminary power analysis based on assuming 15%
lost to follow up and variability in adherence patterns provide an estimate of 69 —
161 patients at end point. This is important in order to achieve adequate levels of

statistical power for the detection of adherence trajectories.

Data Collection

Data collection will occur in two phases: baseline and follow-up.

1.Baseline data collection:

On the day of PCI, patients provided demographic, clinical, and psychoso-
cial data, including:

o Demographic information: Age, gender, marital status, education level,
annual income, smoking and alcohol consumption.

o Clinical characteristics: There were history of diabetes, hypertension,
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heart function, LVEF and history of medication taken.

o Psychosocial factors: SEAMS scale consisting of self-efficacy, APGAR
index consisting of family support, GAD-7 scale of anxiety and PHQ-9 scale of
depression.

2.Follow-up data collection:

Overall medicine regimen adherence data was retrieved from the inter-
net-based post-discharge management platform at 1, 3, 6, 9, and 12 months of
post-discharge. Level of adherence was calculated from the patient’s response to
the number of doses that they missed during the study period ((in RAPID-AMH

<1 dose per week).

Study Tools

1.Adherence measurement: The platform collected the self-reported ad-
herence data and categorized patients into adherent patients, those who miss < 1
dose per week and non-adherent patients, those who miss > 1 dose per week.

2.Self-efficacy: The SEAMS scale also measured the confidence in medica-
tion adherence (Cronbach’s o= 0.93).

3.Family support: The APGAR index assessed the family functioning with
a Cronbach’s a ranging from 0.80 to 0.88.

4.Psychological assessments: GAD-7 was used to assess anxiety and PHQ-

9 will be used to assess depression.

Quality Control

To enhance quality of data as well as reduce biasness in the study, all the re-
search team members will be trained on general method of data collection. Both
the single-entry and the double-entry system were used in data input, and the use
of data auditors is planned for the periodic checking of data accuracy. For pa-
tients who were lost to follow-up, attempts to trace them were made using other
means such as telephone or email. By applying a rigorous research approach, this
study seeks to gain a convergence analysis of DAPT compliance behaviours to-
ward making significant recommendations for enhancing the disposition of ACS

patients.

Statistical Analysis
Data analysis was done with statistical software SPSS 23.0, AMOS 24.0,

and Mplus 8.3. Descriptive statistics: Patient characteristics were described by
frequency count, percentage, mean and standard deviation. Bivariate analyses:
Comparisons of the adherence groups were done using chi-square tests, t-tests
or Wilcoxon rank- sum tests. Multivariate analysis: The logistic regression was
used in determining predictors of adherence trajectories. To this effect, a growth
modeling technique known as Latent Variable Growth Modeling will determine

temporal patterns of DAPT adherence and study temporal antecedents.
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Results

This paper determined the time varying patterns of DAPT use among pa-
tients with ACS after PCI for a period of 12 months. The results are described in
full, such as patients’ demographics and clinical characteristics at baseline, over-
all and subgroup adherence patterns, factors associated with adherence, self-re-
ported barriers/suitability for intervention, clinical events rate, and effect of the
dPDM system.

1. Baseline Characteristics

There were 100 patients with ACS participating in the study, 72% of them
were men and their average age was 62.3 + 10.5 years. The majority of patients
were married, 85 percent, while 46 percent had attained secondary education
level. Other coexisting illness — hypertension, 63%,; diabetes, 48%. Clinical in-
dicators such as Killip class distribution (I: Demographics (age: 56 years, males:
74%, diabetes: 45%, hypertension: 42%, previous myocardial infarction: 13%)
and mean left ventricular ejection fraction (LVEF: 53.2 + 7.6%) gave information
about patient characteristics. These characteristics help to define an ethnically
diverse clinically representative population of patients with PCI-treated ACS. Ta-
ble 1 provides the demographic and clinical data of the study population at study
timepoint. Table 1 indicates that most patients were male, married, and aged
around 62 years. A significant proportion had comorbidities, such as hypertension
and diabetes, which are potential predictors of DAPT adherence.

Table 1. Baseline Characteristics of the Study Population

Variable Value (n=100)
Age (mean + SD, years) 62.3+£10.5
Gender (Male, n, %) 72 (72%)
Marital Status (Married, %) 85 (85%)
Education Level

- Primary or below (%) 34 (34%)

- Secondary (%) 46 (46%)

- Tertiary or above (%) 20 (20%)
Smoking Status (Current, %) 28 (28%)
Comorbidities

- Diabetes (%) 48 (48%)

- Hypertension (%) 63 (63%)
Killip Class (I-IIT) (%) I: 45 (45%), 11: 42 (42%), 111: 13 (13%)
LVEF (%, mean = SD) 532+7.6

2. Adherence Rates Over Time

DAPT adherence rates declined significantly over time (Table 2 and Fig
1). At 1 month, adherence was high (88%), but it dropped to 60% by 12 months
. The greatest decline of adherence was observed at the sixth to twelfth month’s
interval. This is a clear indication that to allow for continuous adherence there is
need to continue with follow up and more interventional actions a few days after

discharge.
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Table 2. DAPT Adherence Rates at Follow-Up Intervals

Time Point Adherent (%) Non-Adherent (%)
1 month 88 (88%) 12 (12%)
3 months 84 (84%) 16 (16%)
6 months 76 (76%) 24 (24%)
9 months 68 (68%) 32 (32%)
12 months 60 (60%) 40(40%)
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Fig 1. DAPT Adherence Rates at Follow-Up Intervals

Adherence Trajectories

Using latent variable growth modeling, three distinct adherence trajectories
were identified (Table 3):

1.Consistently Adherent (55%): The high adherent patients by the end of the
study.

2.Gradual Decliners (30%): Such patients who showed high initial levels of
adherence comprising, but not limiting, to patient with decreasing levels of ad-
herence over time.

3.Rapid Decliners (15%): Patients whose compliance fell significantly
during the first semester and became more than a standard deviation away from
baseline in the second semester.

While over half of the patients maintained adherence, nearly half expe-
rienced varying degrees of non-adherence, with rapid decliners presenting the

greatest risk of adverse outcomes.
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Table 3. Adherence Trajectories

Trajectory Group Percentage of Patients (%) Characteristics
Consistently Adherent 55% High adherence across all time points.
Gradual Decliners 30% Slow, steady decline in adherence.
Rapid Decliners 15% Significant drop within the first 6 months.
4. Predictors of Adherence
A logistic regression analysis identified significant predictors of non-ad-
herence has been explained in Table 4 and Fig 2. Poor adherence to therapy was
related with poor health behavior markers such as older age, smoking, and anxie-
ty, whereas better health behavior markers as education and family support were
protective. These indicate where social support and parental involvement should
be beautificated to specific Sub-Groups in the PDA fundamental class.
Table 4. Predictors of Non-Adherence
Predictor Odds Ratio (95% CI) p-value
Age (per year increase) 1.12 (1.01-1.25) 0.03
Education (Tertiary vs. Primary) 0.56 (0.34-0.88) 0.02
Smoking 2.18 (1.29-3.68) <0.01
Anxiety (GAD-7 score >10) 3.41 (1.84-6.33) <0.01
Family Support (APGAR >7) 0.43 (0.24-0.78) <0.01

Family Support

Anxiety

Smoking

Predictors

Education

Age

Predictors of Non-Adherence: Odds Ratios

0.43

——1.12

10°
Qdds Ratio (Log Scale)

Fig 2. Predictors of Non-Adherence

Reasons for Non-Adherence

Non-adherence reasons were identified through follow-up interviews and
categorized as shown in Table 5. Lack of adherence was mainly due tomemory
problems, which was even more prominent in elderly patients. Hassle of side
effects and affordable medication was another challenge, arguing the need for

aware, counseling, and cost subsidization.
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Table 5. Reasons for Non-Adherence

Reason Percentage (%)
Forgetfulness 40%
Side effects 25%
Cost of medication 20%
Lack of understanding 10%
Other 5%
Clinical Outcomes and Adherence
Adherence was strongly associated with clinical outcomes. Non-adherent
patients experienced significantly higher rates of major adverse cardiac events
(MACE) and re-hospitalization (Table 6). Diet and antiplate-let therapy non-
adherence was higher in the study population and correlated well with worst
clinical outcomes, stressing the crucial role of DAPT adherence. All these
factors explain why adherence-improving strategies are crucial to prevent
adverse events in patient’s treatment.
Table 6. Clinical Outcomes by Adherence Status
Outcome Adherent (%) Non-Adherent (%) p-value
Major Adverse Cardiac Events (MACE) 6(6%) 9 (22.5%) 0.012
Re-hospitalization 9 (9%) 10 (25%) 0.026

Impact of Digital Post-Discharge Management

The digital platform positively influenced adherence, patient satisfaction,
and follow-up completion rates (Table 7). Patient self-compliance en-
hancements were supported by such features as constant reminders and individ-
ual instructions. Fact that the presented platform helps to achieve higher patient
satisfaction and follow-up completion proves it efficacy in the real-world prac-

tice.

Table 7. Impact of Digital Platform

Metric Before Platform Use After Platform Use p-value

Adherence at 6 months (%) 70% 76% 0.04

Patient Satisfaction (%) 78% 92% <0.01

Follow-Up Completion (%) 85% 95% 0.02
Subgroup Analysis

Additional analysis revealed that rapid decliners were more likely to:

Be older (mean age: 66.1 years vs. 60.4 years in consistently adherent pa-
tients).

Have higher levels of anxiety (mean GAD-7 score: 11.2 vs. 5.6).

Report forgetfulness as a primary reason for non-adherence (58% vs. 30%).
These findings provide a comprehensive understanding of DAPT adherence
dynamics, offering actionable insights for clinical practice and future interven-

tions.
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Discussion

This cross-sectional study aimed to describe the longitudinal patterns of
DAPT use, using the 12-month follow-up data among ACS patients treated with
PCI™*?%. The study, highlighted various issues to do with adherence such failure
in adhering to medication regimens, decline in the level of adherence over time,
different kind of adherence patterns, and possible contributing factors. After pre-
senting the findings of the study, this section situates the results and establishes
links with what is already out there together with the clinical relevance of the
results.

The rates of medication adherence identified in the present investigation
decreased from 88 % at one month to 60 % at twelve months stating the issues
associated with continuous DAPT compliance. Malik et al. 2021 has established a

12-month non adherence percentage of 41.8 among patients in PCI. Likewise,
other studies found three kinds of adherence trends, the consistently adherent,
the gradual decliners, and the rapid, which supports the findings of the current
study””?". But the present study 12 months’ adherence rates are 60% which is
slightly higher than some previous studies reported rate. For instance, Previous
studies report a level of 49.8% adherence at one year in a population in Chi-

31-35
na[

I This difference may be accounted for by variation in the sample size,
and/or healthcare accessibility, and whether or not the participants underwent an

electronic, post-discharge management system, which formed a part of this study.

Consequently, this study found out the following factors that predispose
patients to non-adherence; age, smoking, low education status, presence of anxi-
ety, and poor family support. Various researches have always found a correlation
between age and medication compliance. The already conducted studies also re-

[36-40

vealed that older patient ages were associated with poor adherence**". This may
be secondary to cognitive impairment related with aging, memory loss, or confu-
sion in relation to multiple medications. Lack of education was associated with
poor adherence in this work, as noted in previous studies by Chen (2018) and
Librero et al. (2016)™ "', Thus, ‘better educated patients may appreciate the im-
plications of patient compliance as well as the consequences of non-compliance’.
The investigators found smoking to be a significant predictor of poor adherence
to ART and in line with other studies . Smokers may not be very motivated to
engage in other healthy behaviors as may be taking their medications to ensure
they remain healthy enough to carry on smoking. Both anxiety and depression af-
fected the adherence trajectories, especially in terms of their timing. This concurs
with Tang et al., (2021) who noted that subjects who experience psychological
distress will have poor adherence!”. It may be therefore important to address
mental health issues for enhancement of medication compliance. The level of
family support employing the APGAR index was inversely related to the level of
nonadherence. This relates with Shi et al., (2017),where social and family sup-

port were highlighted as crucial in adherence!*.
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The main causes of nonadherence according to the participants in the cur-
rent study were forgetfulness, side effects, and cost. These findings are in line
with other findings in everyday math practices from other parts of the world. For
example, Mehran et al. (2013) mentioned similar barriers', however, the most
common reason for noncompliance was forgetfulness. Nevertheless, regardless
of the reversibility of these factors, cost of medication even though the primary
reason cited is not very common and remains a concern especially in developing
countries. Some authors Liu et al. (2021) and Malik et al. (2021) revealed cost
as one of the main drivers of adherence to medication in low-income earners'””.
Whether it be through providing affordable drugs, getting rid of co-payments, or
somehow ensuring the client has insurance this is likely to affect the compliance
percentages.

Finally, non-adherence was highly correlated with MACE and re-peated
hospitalization among the subjects. For instance, in non-adherent patients the
MACE rate was 22.5 % while in the adherent patients the macemace rate was

M1 Wwhere non-

6%. This is in conformity with Mehran et al. ' and Moalem et al.
adherence patients had adverse outcomes rates that significantly differed
from the rates of patients who were compliant. The results support the notion on
the significance of compliance with DAPT for avoidance of stent thrombosis,
recurrent myocardial infaction and other undesirable events. The results suggest
that healthcare providers should incorporate adherence support as one of the ma-
jor features of post-PCI management.

An innovative feature of this study was the enhancement of the post-dis-
charge management programmes through correspondence which increased both
adherence and patient satisfaction. This was done by gaining patient adherence
at 6 months after discharge by using the platform it risen from 70/76% and the
satisfaction of the patients was enhanced from 78/92%. The advancement of the
platform is in compliance with worldwide tendencies in the sphere of eHealth.
Tang et al. "* and Librero et al. " have also demonstrated how interventions
such as mHealth monitors medications through real-time follow up, reminds pa-
tients of the need to take the drugs, and educates them. The elements of the plat-
form utilized in the present research were integrated, and the results were also
customized, which improved its efficiency.

As with other trajectory analyses, the current study is not without its dif-
ferences: most notably, this study employed a latent variable growth model to
acute malignant and stable benign adherence dynamics. Nearly all earlier works
used cross-sectional approach or single time-point measurement of adherence,
which is incongruous with the continuous pattern of adherence behaviours. For

' measured the level of adherence over

instance, Malik et al. ' and Wang et al. '
the 12th month and failed to consider its fluctuations. Again, this study showed
how this adherence develops over time and at different time points thus revealing
more about patient’s behavior. Another difference was that the study the present
paper was based on focused on digital health interventions. Most articles such as

1. 13

Librero et a investigated group-based trajectory models, though omitting the
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aspect of digital tools. Using the trajectory analysis along with the digital health,
this research provides a better approach to investigate the factors affecting the

maintenance and enhance them.

Strengths:

Use of advanced statistical methods to identify adherence trajectories.
Longitudinal design capturing changes in adherence over time.
Integration of a digital management platform for real-time monitoring and

follow-up.
Limitations:

1.Small prevalence estimates risks which include; Low statistical power due
to small sample size hence low general-Islizability.

2.Validity of the measures: These are self- reports and therefore a potential
problems with recall bias.

3.Limited external validity given that most designs originate from a single
center and therefore do not reflect what is feasible or could be done for all sub-

groups in a particular setting.

Clinical Implications and Recommendations

The findings of this study have several practical implications for clinical
care:

1.This study shows that different adherence patterns require different inter-
vention approaches. For instance, Hasty decliners may be served best by frequent
initial follow-ups while Slow declining clients may require constant follow-ups
over some time.

2.Lifestyle issues, including smoking unquestionably ought to be addressed
as well as anxiety management and family support enhancement strategies are
possible ways of improving results regarding how adherent clients are.

3.Possibly increasing and extending the implementation of digital interven-
tions for post-discharge follow up may improve compliance and engagement.
Future platforms could include features including but not limited to, use of artifi-
cial neural networks to forecast patients who are most likely to develop a certain
disease.

4.Reduction of financial out of pocket costs, for instance through change
of policy that will make most of the needed medications accessible through pre-

scription could surely increase adherence in these environments.
Conclusions:

This work aimed at identifying the time-varying patterns of DAPT in ACS
patients undergoing PCI over a year follow-up period. Much of the findings
stress on the decline of adherence rates across time and clearly defined groups
which included consistently adherent, gradually deteriorating and quickly dete-
riorating users. Thus, the significant predictors of adherence were age, education

level, being a smoker or not, psychological status and family constellation. Nota-
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