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Purpose: Coronary heart disease (CHD) is accompanied by a high level of comorbidity, which necessitates the use of complex
treatment regimens in pharmacotherapy. In such cases, multicomponent pharmacotherapy significantly increases the risk of pharma-
cological interactions, which can result in either enhanced therapeutic effects (synergism) or adverse outcomes (antagonism, toxic
effects). These drug interactions may influence the level of adherence to treatment in patients with CHD with comorbid conditions.

Purpose of the Study: To assess the systemic impact of potential drug-drug interactions (pDDI), classified by type of pharmaco-
dynamic response (synergism, antagonism, toxicity), on adherence to pharmacotherapy in patients with CHD with comorbid
conditions, with subsequent prediction of risks associated with reduced adherence to treatment.

Materials and Methods: The study examined medical data of patients with CHD with comorbid conditions (n = 145) based on the
analysis of prescriptions from hospital medical records for pDDI using standardized databases Medscape and Drugs.com. This study is
cross-sectional, as it involved a single analysis of complex treatment regimens for drug compatibility and patient surveys conducted
within the defined time frame (from October 2024 to June 2025). A survey of patients was conducted to determine adherence to
pharmacotherapy of CHD with comorbid conditions using the standardized Medication Adherence Report Scale (MARS-5) scale.
Nonparametric statistical methods were used, Spearman correlation analysis, ordinal logistic regression, and prediction to establish
associations and determine the impact between pDDIs present in pharmacotherapy of CHD with comorbid conditions in prescriptions
for pharmacological synergism, antagonism, and toxic effects due to pDDIs on adherence to treatment. Retrospective, clinical-
epidemiological, frequency, content analyses, comparisons, and generalizations were used.

Results: Unacceptable polypharmacy was identified in 95.86% of cases within the studied cohort. A strong positive correlation was
noted between the number of pDDIs and pharmacodynamic synergism (rs = 0.738), antagonism (7s = 0.659), and toxic effects (rs =
0.554). The number of concurrently administered medications was associated with a proportional increase in pDDIs, reflecting
fundamental principles of clinical pharmacology. Results from the Kruskal-Wallis test revealed statistically significant differences
in the number of pDDIs among patient groups with varying levels of adherence to pharmacotherapy (Kruskal-Wallis H = 7.31, p =
0.0258). Notably, each unit increase (one drug prescription) in pharmacodynamic antagonism was associated with a 1.74-fold higher
likelihood of non-adherence to treatment, holding other variables constant in the adherence model. Furthermore, higher levels of
pharmacodynamic antagonism and toxic effects resulting from pDDIs were correlated with greater likelihood of refusal to continue
pharmacotherapy. Specifically, each unit increase in drug-induced toxic effects due to pDDI was linked to a 1.36-fold increase in the
probability of low treatment adherence, assuming the fixed effect of other model variables. Pharmacodynamic antagonism and toxic
effects attributable to pDDIs are key determinants of reduced adherence to pharmacotherapy in patients with CHD with comorbidities.
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The increased probability of antagonistic or toxic interactions due to pDDIs indirectly diminishes patients’ willingness to comply with
medication and treatment regimens.

Conclusion: Pharmacological pDDIs due to pharmacodynamic antagonism (OR ~ 1.74) and toxic effects resulting from pDDIs (OR ~
1.36) significantly increase the risk of low adherence to treatment. The identified risks can be minimized by implementing
a multidisciplinary approach to providing medical care and involving clinical pharmacists in the quality control of complex
prescription regimens and in optimizing pharmacotherapy of CHD with comorbid conditions.

Keywords: polypharmacy, drug interactions, treatment adherence, pharmaceutical care, patient safety, Coronary Heart Disease

Introduction

CHD remains the leading cause of mortality in the world and in Ukraine.! In modern clinical practice, the treatment of
coronary heart disease increasingly involves complex drug regimens with the framework of multicomponent
pharmacotherapy,” especially among patients of elderly and senile age with comorbid conditions. Analysis of selected
pharmaceutical components in drug prescriptions, based on current clinical recommendations and the European Society
of Cardiology (ESC) guidelines on the management of CHD,’ with concomitant arterial hypertension (AH),’
dyslipidemia,® chronic heart failure (CHF),® type 2 diabetes mellitus (T2DM),*’ and chronic kidney disease (CKD),
showed the simultaneous use of more than 4-5 drugs in such patients and the prevalence of polypharmacy in 74% of
prescriptions in Ukraine,” which is also supported by data from international studies.>'*'" Additionally, the ESC and
AHA recommendations advocate for the use of different pharmacological classes of drugs but do not adequately address
their compatibility when combining agents from distinct groups within complex treatment regimens for coronary heart
disease, often accompanied by multiple comorbidities. This limitation hampers the safe administration of medications in
such regimens, potentially resulting in adverse consequences due to drug incompatibility, decreased treatment effective-
ness, and an increased risk of undesirable adverse drug reactions (ADRs).

It should be noted that there is no clear definition of the term “polypharmacy”. However, as noted in the Clinical
Consensus Statement of the Heart Failure Association of the ESC, polypharmacy is defined as the daily intake of > 5
drugs. At the same time, hyperpolypharmacy refers to the daily intake of > 10 drugs.'?

It is clear that, polypharmacy can be classified as acceptable (rational pharmacotherapy based on evidence-based
medicine) and unacceptable (associated with an increased risk of drug interactions). In turn, drug-drug interactions
(DDIs) may manifest as pharmacodynamic synergism, antagonism or increased toxic effects of drugs due to their
interaction. Additionally, pharmacokinetic interactions must be considered, as they can lead to an enhancement or
reduction of therapeutic effects due to alterations in absorption, distribution, and metabolism, taking into account the
role of CYP450 isoenzymes such as 3A4, 2C9, 2C19, 2D6, etc.'

In the process of identifying factors influencing low adherence to treatment among patients with CHD with comorbid
conditions in Ukraine (13.9% [95% CI: 13.9 + 0.002; p < 0.0001]), we previously conducted a series of studies.
According to their results, Ukrainian patients demonstrate a preference for original (brand-name) medicines (42.8%) and
tend to choose effective pharmacotherapy (x> = 3,350.232; p = 0.067)."* Notably, only 7.8% of CHD patients with
comorbidities reported using medications included in the national reimbursement program (“Affordable Medicines”)
[95% CI: 7.8 + 0.05; p < 0.0001]."* Our findings suggest that one of the primary barriers to adherence to this program is
the absence of high-cost but essential drugs from the reimbursed list — such as direct oral anticoagulants, Sodium-
Glucose Cotransporter 2 (SGLT2) inhibitors, and triple fixed-dose combinations.'* Furthermore, our research revealed
that treatment adherence improved 22-fold (OR = 22.67) when patients received joint consultations from both physicians
and pharmacists, compared to physician-only consultations. The most frequently cited reason for discontinuation of
pharmacotherapy among Ukrainian CHD patients with comorbidities was “gastrointestinal complications” (49.4%)."*

These findings led us to further investigate the potential causes of these gastrointestinal complaints.'* We hypothe-
sized that the reported adverse effects could be attributed to DDIs. Therefore, we undertook an analysis of prescriptions
to assess dose accuracy and drug compatibility, focusing on pharmacological interaction types. The goal was to determine
whether inappropriate drug combinations might represent a novel factor contributing to treatment discontinuation due to

gastrointestinal complications in this patient population.
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Furthermore, our search for scientific data on the selected research topic revealed notable gaps in current knowledge,
which heightened scientific interest and underscored the relevance of this problem. The results obtained will further
enable the identification of specific areas where pharmacists can influence treatment adherence in patients with CHD with
comorbid conditions, thereby supporting the development of targeted interventions to improve adherence, tailored to
national characteristics of patients.

It is known that pharmacodynamic antagonism may reduce the treatment efficacy by counteracting the action of
another drug, while toxic effects due to interactions may increase the risk of ADR, thereby contributing to decreased
adherence. At the same time, pharmacodynamic synergism may enhance therapeutic efficacy and improve clinical
outcomes, but it may also complicate drug safety. Therefore, understanding these types of interactions has
a significant impact on optimizing pharmacotherapy and ensuring the safe use of drugs, especially in cases of
polypharmacy in patients with CHD with comorbid conditions, potentially improving outcomes and quality of life.

Thus, it is relevant to assess the systemic impact of pharmacodynamical pDDIs on adherence to treatment among
patients with CHD with comorbid conditions. The use of evidence-based, individualized approaches in selecting rational
pharmacotherapy and monitoring pDDIs may further improve treatment effectiveness and patient quality of life.

Materials and Methods of the Study
The study was conducted at the Department of Cardiology of the P.L. Shupyk National University of Health Care of Ukraine. In
this study, a one-time survey on adherence to treatment CHD with concomitant comorbid conditions (complex treatment
regimens) was conducted using paper questionnaires during the hospital inpatient stay. In addition, a one-time analysis of the
medical histories of the patients was conducted during their stay in the hospital inpatient department using their medical records
from October 2024 to June 2025. The collected data allowed us to establish the prevalence of polypharmacy in drug prescriptions
in CHD with comorbid conditions and pDDIs. In addition, to identify associations between treatment adherence and pDDIs.
This study used a non-probability convenience sample, consisting of 145 patients who were consecutively recruited at
a single healthcare facility during a defined data collection period. This design has both limitations and justifications.
The sample size (n=145) reflects the accessible population, rather than a pre-calculated minimum. Under the
conditions of ongoing military conflict, it was not feasible to adhere to classical probability-based sampling or conduct
randomized recruitment. The use of convenience sampling is ethically justified, as it enables rapid collection of critically
important data for pilot and exploratory studies while minimizing operational and psychological burden on patients and
healthcare staff.'> Although this approach limits the external generalizability of findings, it is acceptable in applied health
research where the aim is to identify patterns and associations rather than to generate a fully representative population
sample.'® Given the exploratory nature of the study and the non-normal distribution of adherence data, nonparametric
statistical methods (Kruskal-Wallis test and median test) were applied. For the analysis, nonparametric criteria (Kruskal—
Wallis and median test) were used, which are adequate under the condition of non-normal data distribution. The sample
size (n=145), provided that in each compared subgroup n>5, allows the application of y*-approximation with a sufficient
level of reliability. With n = 145 and subgroup sizes > 5, the x*-approximation for these tests remains statistically valid."’
This ensures adequate statistical power and high internal validity for detecting clinically relevant differences in adherence
levels within the observed cohort. This approach provides high internal validity of the conclusions within a specific
cohort group and confirms the statistical robustness of the chosen approach. The use of convenience sampling'® is
a common practice in clinical and epidemiological studies assessing adherence to treatment and the factors that determine
it (eg, studies of adherence to antihypertensive therapy in a tertiary care center),'” where the Cochrane method is used,
because there are available statistical data on the prevalence of hypertension in patients.'” Although our study used
a convenience sample, the achieved sample size (N = 145) is comparable to the sizes of similar adherence studies, in
which minimum sample sizes were calculated using Cochran’s formula.'® This comparison provides an approximate
benchmark, indicating that the chosen sample is sufficient to ensure robust statistical analysis, especially given the use of
nonparametric methods and the observed subgroup sizes. For Ukraine, there are no such data for the given population. At
the time of the military conflict in Ukraine, all statistical data is closed. The sample is representative of the accessible
patient population rather than the entire national population, which limits external validity. However, internal validity is
preserved due to the use of robust nonparametric methods and clearly defined inclusion criteria.
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This approach represents a pragmatic compromise between scientific rigor, ethical considerations, and operational
feasibility in an extreme research environment.

Inclusion criteria: patients with a diagnosis of CHD, who had a history of unstable angina, acute coronary syndrome
(STEMI/NSTEMI), who had previously undergone percutaneous coronary intervention (PCI) or coronary artery bypass
grafting (CABG) with and without an acute coronary event. With HF I-IV functional class according to NYHA. With/without
T2DM, dyslipidemia, CKD. The study was conducted based on the analysis of medical documentation (extracts from the
medical history of inpatients) and subsequent questionnaires of patients in the inpatient department. The duration of the
cardiovascular event for each patient participating in the study was from six months to 2 years inclusive. The average age of
the patients was 60.5 + 5 years. A total of medical prescriptions in the medical histories of inpatients were analyzed and 145
patients were interviewed. Patients provided written informed consent for the use of medical data for scientific purposes.

Exclusion criteria included: malignant neoplasms, rheumatic diseases, myocardial infarction and stenting or coronary
artery bypass grafting without an acute cardiovascular event for more than 2 years prior, acute cerebrovascular accidents
(CVA), transient ischemic attacks (TIA), severe forms of CKD, decompensated diabetes, end-stage CHF and no patient
required extracorporeal hemodialysis.

Analysis of clinical characteristics of patients between the categories of adherent and non-adherent to treatment was
not performed due to the fact that this was not provided for by the design of our study.

We did not assess ADRs, because such observations did not occur and they were absent. In general, the studied
patients were discharged from the hospital in satisfactory condition. Differentiation between the types and severity of
ADRs did not occur, which is confirmed by the absence of completed adverse reaction cards of the Pharmacovigilance
Center under the Ministry of Health of Ukraine.

Our study investigated the association between the number of concurrent pDDIs in the complex pharmacotherapy of
CHD with comorbidities and the likelihood of pharmacodynamic synergism, antagonism, or toxic effects, as well as the
subsequent impact on adherence to such pharmacotherapy.

The next step was to assess overall adherence to complex pharmacotherapy for CHD with comorbid conditions
(hereinafter referred to as adherence to treatment) using the standardized MARS-5, which employs a five-point scale.?%>'

We did not calculate a total MARS-5 score (ranging from 5 to 25). Instead, patients were classified into three groups
based on their individual item response patterns to reflect clinically meaningful adherence levels.

The MARS-5 scale has demonstrated good internal consistency and construct validity across various patient popula-
tions (Cronbach’s o usually ranging from 0.68 to 0.89).°“** Our study did not modify the instrument itself but rather
applied a pragmatic categorization of the resulting scores to facilitate statistical comparison. This approach preserved the
validated structure of MARS-5 while improving interpretability and addressing data sparsity issues.

The specified methodology assumed the frequency of taking or skipping medication: all the time (100% or 5 points);
almost all the time (90% or 4 points); most of the time (75% or 3 points); about half the time (50% or 2 points); less than
half the time (<50% or 1 point). In this study, we used a 5-point scale from 1 to 5, which further simplified the
calculations for groups of adherent and non-adherent to treatment with natural numbers. In addition, the methodology we
used to determine adherence to treatment was applied in the observational studies EUROASPIRE IV, V (Ukrainian
patients participated)”> and INTERASPIRE,** which followed a cohort of patients with clinical data similar to our
patients. However, the name of the MARS-5 methodology is not mentioned in these studies. We then grouped the
responses into three categories: category 1.0 included patients with the highest adherence to treatment (5 points);
category 3.0 included patients (1 point) with the lowest adherence to treatment. All other patients (2—4 points) were
assigned to category 2.0 with average adherence to treatment. This approach allowed us to conduct statistical analysis.
Based on medical records and patient questionnaires, adherence to pharmacotherapy was categorized as follows:

1.0 — “high” (adherent to treatment) — “I take regularly” (5 points);

2.0 — “medium” (average adherence to treatment) — “sometimes missed medication — no more than once a week” (2—4
points);

3.0 — “low” (lack of adherence to treatment) — “I often miss medication — 2 or more times a week” (1 point).
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Therefore, a score of 5 point on each MARS-5 item indicates maximum adherence (answering “never” to questions about
skipping, changing doses, forgetfulness, etc).>> A point of 1 reflects minimal adherence to treatment (“very often” I skip).
Points 2—4 correspond to intermediate behavior (partial or inconsistent adherence to treatment), which has common
features: adherence is present, but it is insufficient. Thus, three logical levels are formed that have a clinical interpreta-
tion: minimal adherence to treatment (1 point); intermediate/partial adherence to treatment (2—4 point); maximal (5
point). In the literature, dichotomization is often performed according to the total MARS-5 score.”*?” Thus, MARS-5
categorization is a common practice. Our approach differs in that we create three categories instead of two to show
gradations of adherence to treatment, which may have additional clinical value. In addition, the MARS-5 scale is prone to
ceiling and floor effects (in cases where >15% choose the maximum/minimum point). This approach can lead to sparsity
(small number of observations) in some intermediate categories (2, 3, 4) (if counted separately as separate subcategories
of adherence to treatment), which avoids the use of sparse data.’” Thus, combining intermediate points (2—4) is
a pragmatic solution for achieving stability, reliability of statistical results, in the case of an initial data distribution
that is asymmetric and sparse.

In addition, all patients’ prescriptions were analyzed the drug prescriptions from the medical history extracts for
compatibility by a clinical pharmacist using a drug interaction calculator, based on standardized data from the “Drug
Interaction Check” tools available on Drugs.com and Medscape.”®*’ At the same time, the assessment of ADR in
patients was not directly carried out, but only the theoretical probability of pDDIs was considered. The determination of
the types and severity of ADR was not carried out, which was not foreseen by the design of this study. When analyzing
the textual descriptions of pDDIs from the Drugs.com and Medscape databases in the “Drug Interaction Check”

section,zg’29

the content analysis method was applied.

The number of theoretical pDDIs was determined separately for each prescription and for all prescriptions collec-
tively. The results of the analysis were grouped into the following categories: pharmacodynamic synergism, pharmaco-
dynamic antagonism, and toxic effects resulting from drug interactions. All drug prescriptions were checked for
compliance with clinical guidelines® and for the rational use of prescribed dosages in accordance with the official
drug instructions registered in Ukraine. This verification was performed using data from the State Register of Medicinal
Products of Ukraine.*°

To determine appropriate statistical methods for analyzing the variables “Number of Drugs per Prescription” and
“Total pDDIs per Prescription”, a normality test of data distribution was conducted. Specifically, the Kolmogorov—
Smirnov and Lilliefors tests were applied to assess the deviation of the empirical distribution from the theoretical normal
distribution. The results obtained formed the basis for selecting subsequent statistical analysis methods, namely non-
parametric approaches.

To compare three independent groups based on the level of adherence to treatment (“high”, “medium”, “low”) for
a quantitative variable that did not meet the assumptions of parametric tests, the Kruskal-Wallis test and the Median test
for independent samples were employed. The following hypotheses were formulated:

e Null hypothesis (Hg): The distributions of the studied quantitative variable across the three adherence groups
(“high”, “medium”, “low”) are the same; there are no statistically significant differences between the groups.

e Alternative hypothesis (H;): The distributions of the studied quantitative variable differ in at least one of the
adherence groups; there is a statistically significant difference between at least two of the groups of adherence to
treatment.

To assess the relationships between quantitative variables, Spearman’s rank correlation method was applied. This
non-parametric approach is suitable for identifying monotonic associations without assuming normal distribution. In
particular, the relationships between the variable “Total pDDIs per Appointment” and the pharmacodynamic effects of
drugs — synergism, antagonism, and toxicity — were analyzed. Spearman correlation coefficients (r;) were calculated for
each pair of variables, with statistical significance set at p < 0.05.

Furthermore, Ordinal Logistic Regression was used to predict the values of the dependent variable “Adherence to
Treatment”, which is ordinal in nature with three ordered categories (“high”, “medium”, “low”). This method enables the
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modeling of the probability of an individual belonging to a specific or higher category of the dependent variable based on
one or more independent variables. In this study, treatment adherence was predicted as a function of factors such as
pharmacodynamic synergism, pharmacodynamic antagonism, and drug toxicity due to their interaction. For categorical
independent variables, the results were interpreted by estimating the odds ratios of being in a higher adherence category.

Subsequently, the potential impact of pharmacodynamic synergism, antagonism, and toxic effects resulting from
pDDIs on treatment adherence was evaluated. The results of an ordinal logistic regression model were also justified and
employed to predict treatment adherence.

To predict treatment adherence in patients with high and very high cardiovascular risk, a set of associations between
adherence and other clinical and pharmacological indicators was previously established for analysis:

e To confirm, using Spearman’s rank correlation, the reliability of associations between the “Total number of pDDIs”
per appointment and parameters such as “Pharmacodynamic synergism”, ‘“Pharmacodynamic antagonism”, and
“Toxic drug effects” on the patient;

e To confirm, using the Kruskal-Wallis test, statistically significant differences in the distribution of the “Number of
drugs” per appointment among different categories of “Adherence to treatment”.

However, while correlation analysis is valuable for identifying pairwise relationships between variables, it does not
assess the combined impact of multiple predictors on a dependent variable, nor does it account for the effects of
confounding variables. Additionally, it cannot model the likelihood of an observation belonging to a specific category of
the dependent variable.

Given that the key dependent variable — “Adherence to treatment” — is ordinal in nature (ordered categories: high,
medium, low), ordinal logistic regression was selected for predictive modeling.

The following predictors were included in the regression model:

e pharmacodynamic synergism;
e pharmacodynamic antagonism;

toxic drug effects;

total number of pDDIs per prescription.

The variable “Number of drugs” was also considered for inclusion, but its absence in the derived parameter tables
required additional clarification.

A clinical-epidemiological method was used to analyze the prevalence of different types of pharmacodynamic
interactions (synergism, antagonism, toxicity) in a cohort of patients with coronary heart disease and comorbid condi-
tions. This enabled characterization of the epidemiological profile of the sample, including age, gender, comorbidities,
disease duration, and prescription patterns.

A frequency analysis method was used to calculate the incidence of each type of pDDIs, allowing identification of the
most common types of negative pharmacological interactions that impact treatment adherence.

The average number of drugs and the average age of patients, in the drug prescriptions were calculated using the
following formula for mathematically determining the mean value of a data set:

Everagenumberofdrugs | Everageageofapatient = (Z'Z = ly, )/17, where X:- number of medicines in one prescrip-
tion/number of patients/, n - total number of prescriptions/total age of patients.”!

At the level of the CI 95%, Z = 1,96; confidence interval (p<0.001), the difference in indicators was considered
significant.

The accumulation, correction, systematization and visualization of the obtained results were performed using
Microsoft Office Excel spreadsheets. Statistical processing was carried out using STATISTICA 13 and IBM SPSS
Statistics.

The methods applied included: retrospective, statistical, clinical-epidemiological, frequency, content analysis, com-
parison, generalization, and prediction.
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This study complies with the requirements of the Declaration of Helsinki of the World Health Organization “Ethical
Principles for Medical Research Involving Human Subjects” (International Ethical Guidelines for Biomedical Research
Involving Human Subjects, 2016). Protocol No. 9/5 dated October 24, 2024 of the Commission on Ethics and Academic
Integrity of the Shupyk National University of Healthcare of Ukraine.

Results of the Study

The study included 145 patients with CHD with or without concomitant type T2DM (23.45% [95% CI: 23.45 £ 0.04; p <0.001]),
dyslipidemia (92.41% [95% CI: 92.41 + 0.02; p < 0.001]), and CHF (45.52% [95% CI: 45.52 = 0.04; p < 0.001]). The average
age of the patients was 60.5 £ 5 years. In addition, the average number of drugs prescribed per single prescription was 6.27.
A total of 64 drugs were used by international non-proprietary name, which are used for CHD with comorbid conditions,
including antihypertensive, lipid-lowering, hypoglycemic, and antidepressant medicines. The distribution of the number of drugs
per patient is presented in Figure 1.

After checking the compatibility of the prescribed drugs, it was found that the median per drug prescription (treatment
regimen) was 7 drug interactions, the upper-lower quartiles (25-75%) were 5 and 9 interactions, the minimum number was 0,
the maximum number was 24 interactions. A total of 1119 pDDIs were identified. In 23 cases, the prescribed drug dosages did
not comply with the official instructions for use (doses without indications for use; exceeding the maximum or minimum daily
dose). It was established that accepted polypharmacy was observed in 4.14% of patients [95% CI: 4.14 = 0.02; p < 0.001]. In
the remaining 95.86% of prescriptions [95% CI: 95.86 = 0.02; p < 0.001], unacceptable polypharmacy was identified,
characterized by pDDIs not being accounted for, most commonly due to pharmacodynamic antagonism and toxic effects
resulting from pDDIs (Figure 2).

Further, pDDIs were classified into the following categories:

1.0 — Pharmacodynamic synergism;

2.0 — Pharmacodynamic antagonism;

3.0 — Toxic effect on the body as a result of pDDIs;

4.0 — an abnormal level of potassium in the blood (known as dyskalemia), which can be either too high (hyperka-
lemia) or too low (hypokalemia), further called dyskalemia.

80
60 62.76
36.55
40
20 2 '
0

Number of medicines per patient, %

H1 -3 Medicines [44 -5 Medicines 6 - 11 Medicines

Figure | Distribution of the number of medicines per patient, in partial proportion.

100
80
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40

b
20

95.86

Acceptable polypharmacy [Unacceptable polypharmacy

Figure 2 Distribution of drug prescriptions by rational use of drugs in prescribed pharmacotherapy (%).
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The results of the observation demonstrated the following quantitative distribution of drug interactions by specified
category in natural indicators (Figure 3).

The normality of the distribution of the variables “Number of Drugs per Prescription” and “Total pDDIs per
Prescription” was assessed through both visual analysis and formal statistical tests. Visual inspection of histograms
with superimposed normal distribution curves (in red color) indicated that the “Number of Drugs” variable exhibits
asymmetry, characterized by a long right tail and a peak in the range of 4-5 drugs per prescription (Figure 4).
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Figure 3 Distribution of pDDlIs by categories in natural indicators.
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Figure 4 Histogram of the distribution of “Quantity of medicines” per single prescription with an overlaid normal distribution curve of the number of medicines per
prescription.
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In contrast, the “Total pDDIs” variable appeared more symmetrical, with a peak around 5—10 pDDIs and tapered tails
on both sides (Figure 5).

However, results from the formal Kolmogorov—Smirnov tests (d = 0.17640 and d = 0.13199, respectively; p < 0.01
and p < 0.05) confirmed that both variables significantly deviate from a normal distribution. Therefore, despite the partial
visual resemblance of the “Total pDDIs” distribution to normality, statistical analysis must account for this deviation. As
a result, non-parametric statistical methods that do not assume normality — such as the Kruskal-Wallis test — were
selected for further analysis involving these variables and categorical group comparisons.

To compare the distribution of the variable “Number of Drugs per Prescription” among the three categories of
“Adherence to Treatment”, non-parametric statistical tests were applied: the Kruskal-Wallis test and the Median test.

The results of the Kruskal-Wallis test revealed statistically significant differences in the number of prescribed drugs
between groups of patients with varying levels of adherence to treatment (H = 19.18335, p = 0.0001). The obtained data
confirm a significant difference between groups of patients with different levels of treatment adherence in the distribution
of the number of medications prescribed per appointment. In addition, the median test further confirmed statistically
significant differences in medians between groups (x> = 13.8293, df = 2, p = 0.0010).

The median value of the variable “Number of Drugs per Prescription” in the overall study sample was 6, reflecting the
central tendency of the distribution (Figure 6).

Based on the results of the analysis, non-parametric statistical tests were used to compare the distribution of the
variable “Number of pDDIs per Prescription” across the three categories of “Adherence to Treatment”: the Kruskal—
Wallis test and the Median test.

The results of the Kruskal-Wallis test revealed statistically significant differences in the number of pDDIs between
groups of patients with different levels of adherence (H = 7.3146, p = 0.0258). The data obtained demonstrated
a significant difference in the distribution of pDDIs among patient groups with different levels of treatment adherence.

According to the results of the median test (x* = 5.728496, df = 2, p = 0.0570), statistical significance was not
confirmed (p > 0.05). The insufficient differences in medians did not reach the accepted level of significance, which may
be attributed to high variability within groups or a limited sample size.

Histogram: The total of drug interactions
K-S d=,13199, p<,05; Lilliefors test p<,05

—— Expected normal distribution
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Figure 5 Histogram of the distribution of “Total pDDIs” with an overlaid normal distribution curve quantity of medicines.
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Figure 6 Distribution of “Number of medications taken” among different categories of “Adherence to treatment”.

The median value for the variable “Number of pDDIs” per prescription in the overall study population was 7,
indicating the central tendency of the distribution. Figure 7 presents a box and whisker plot illustrating the distribution of
“Number of pDDIs” across the different adherence level groups.
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Figure 7 Normal value # statistical error in groups “Number of pDDIs” per prescription with “Adherence to treatment”.
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The results of the Spearman correlation analysis for the variable “Number of pDDIs” per prescription in relation to
pharmacodynamic synergism, antagonism, and toxic effects of drugs are presented in Table 1. The table shows Spearman
correlation coefficients (r5). Statistically significant correlations at the p < 0.05 level are highlighted in bold.

The results of the Spearman correlation analysis (Table 1) between the number of pDDIs per prescription and pharma-
codynamic synergism yielded a Spearman correlation coefficient (rs) of 0.737630 at a significance level of p < 0.05.

This value (r; = 0.737630) indicates a strong positive monotonic relationship between the variables “Total of pDDIs”
and “Pharmacodynamic synergism.” This implies that an increase in the total number of pDDIs is clearly associated with an
increased likelihood of synergistic effects. The results suggest that as the number of drugs prescribed per patient increases,
the incidence of pharmacodynamic synergism also rises. These synergistic interactions may have positive clinical out-
comes, such as enhancing therapeutic efficacy, but they can also lead to adverse outcomes, depending on the nature of the
interaction — for example, increasing the risk of bleeding or orthostatic hypotension due to cumulative drug effects.

The analysis of the Spearman correlation (Table 1) between “Total pDDIs” and “Pharmacodynamic antagonism” showed
a correlation coefficient (r;) of 0.659328 at p < 0.05. This indicates a moderate to strong positive monotonic relationship,
confirming that a higher number of pDDIs is associated with a greater likelihood of antagonistic pharmacodynamic effects. These
results point to a direct relationship between multicomponent pharmacotherapy and the risk of pharmacodynamic antagonism,
which may lead to a reduced therapeutic effect or the need to adjust drug dosages due to competing mechanisms of action.

In addition, the Spearman correlation coefficient between “Total pDDIs” and “Toxic effect on the body” was found to
be r, = 0.553920 (p < 0.05), indicating a moderate positive monotonic relationship. This result suggests a clear trend: as
the number of pDDIs increases, the risk of toxic effects on the body also rises. These toxic effects may result from
increased metabolic burden on the liver or kidneys, altered plasma drug concentrations, or other pharmacokinetic and
pharmacodynamic mechanisms.

The findings are critically important for ensuring drug safety in patients with CHD with comorbid conditions, as
polypharmacy increases the risk of ADRs and complications related to drug accumulation, metabolic overload, and
unfavorable interactions.

Particular attention was drawn to the indicators of “Toxic effects on the body” due to the use of certain drug
combinations. In this study, the following combinations were observed in patients, along with their respective frequencies

and confidence intervals:

e acetylsalicylic acid (ASC) with clopidogrel (34.48% [95% CI 34.48 + 0.04; p<0.001]);

e ASC with ticagrelor (31.03% [95% CI 31.03 + 0.04; p<0.001]);

e ASC with B-adrenergic blockers (74.48% [95% CI 74.48 + 0.04; p<0.001]);

e ASC with angiotensin-converting enzyme inhibitors (ACEIs) (44.83% [95% CI 44.83 £ 0.04; p<0.001]);

¢ ASC with renin-angiotensin-2 blockers (ARBs) (18.62% [95% CI 18.62 + 0.03; p<0.001]);

e ASC with B-adrenergic blockers and ACE inhibitors (42.07% [95% CI 42.07 £ 0.04; p<0.001]);

e ASC with B-adrenergic blockers and ARBs (15.17% [95% CI 15.17 + 0.03; p<0.0017);

e ASC with B-adrenergic blockers and sacubiril/valsartan (2.76% [95% CI 2.76 £ 0.01; p<0.001]) (Figure 8).

Table | Results of the Spearman Correlation Analysis: Associations Between Different Categories of pDDIs

Variable Pharmacodynamic | Pharmacodynamic | Toxic Effect of | Total of Drug
Synergism Antagonism Medicines Interactions

Pharmacodynamic synergism -

Pharmacodynamic antagonism 0.340073 -
Toxic effect of medicines 0.150312 0.655977 -
Total of drug interactions 0.737630 0.659328 0.553920 -
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Figure 8 The frequency of use of common drug combinations within treatment regimens that exert toxic effects on the human body remains high, particularly among
patients with CHD with comorbid conditions (%).
Abbreviations: ASC, acetylsalicylic acid; ACE inhibitors, angiotensin-converting enzyme inhibitors; ARBs, renin-angiotensin-2 blockers.

The observed association between the increasing number of concomitant medications and the increasing number of
pDDIs is logically consistent with established principles of clinical pharmacology. The use of pharmacodynamic
synergism in routine clinical practice potentially can enhance the therapeutic efficacy of treatment, particularly through
the use of fixed-dose drug combinations provided the dose of the drug is correctly selected. However, this must be
balanced against the increased risk of ADRs, such as bleeding, orthostatic hypotension, and electrolyte imbalances,
which may arise from amplified pharmacodynamic effects. In contrast, pharmacodynamic antagonism, which weakens
the overall therapeutic effect, may contribute to a loss of disease control and therapeutic failure, particularly in patients
with CHD with chronic conditions. Among the most serious concerns is the toxic effect of drugs resulting from clinically
significant interactions, especially under conditions of unacceptable polypharmacy. These effects may be particularly
detrimental in patients with CHD with comorbidities, where the simultaneous use of multiple drugs is common. The
findings of this study highlight the critical importance of conducting systematic drug monitoring and evaluating the
pDDIs in clinical practice. This is essential for ensuring patient safety, optimizing therapeutic outcomes, and preventing
ADR events associated with complex pharmacotherapy.

To obtain prediction results using ordinal logistic regression for the dependent variable “Adherence to treatment”
(coded as: 1 — high adherence, 2 — partial adherence, 3 — low adherence), an analysis was performed using a model with
an ordinal multinomial distribution and a logit link function. The parameter estimates derived from the constructed model
are presented in Table 2.

Intercept 1 and Intercept 2 are threshold (cut-off) constants in the ordinal logistic regression model, representing the
transition points between categories of adherence to treatment on the latent (underlying) scale when all independent
variables are equal to zero. These parameters are technical components of the model and are not typically interpreted in
terms of the influence of specific predictor variables.

When assessing the influence coefficient of “pharmacodynamic antagonism” (Estimate = 0.55312; p < 0.000001),
a positive coefficient value and high statistical significance are observed (Table 2). These results indicate that
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Table 2 Parameter Estimates From Ordinal Logistic Regression Using an Ordinal Multinomial Model: Analysis of the
Relationship with Treatment Adherence

Effect Estimate SE Wald Lower Limit | Upper Limit p-value
Statistics 95% CI 95% ClI

Intercept | —2.71400 0.192275 199.2394 —3.09085 —2.33715 0.000000
Intercept 2 0.62636 0.167852 13.9252 0.29738 0.95535 0.000190
Pharmacodynamic synergism 0.14995 0.082090 3.3367 —0.01094 0.31084 0.067751
Pharmacodynamic antagonism 0.55312 0.092386 35.8446 0.37205 0.73419 0.000000
Toxic effect of drugs 0.31126 0.083304 13.9605 0.14798 0.47453 0.000187
Total drug interactions —0.06603 0.040761 2.6244 —0.14592 0.01386 0.105229
Scale 1.00000 0.000000 (missing value) 1.00000 1.00000 (missing value)

Note: The Wald statistic and p-value are not reported for the Scale parameter, as it is fixed at 1.00000. Additionally, the order of the p-value and confidence
interval (Cl) limits columns has been adjusted to conform to standard statistical reporting conventions. Bold — significance at p < 0.05 level.

pharmacodynamic antagonism is a significant predictor in the model of treatment adherence. Specifically, an increase of
one unit in pharmacodynamic antagonism is associated with an increase in the log-odds of transitioning to a higher
category of the dependent variable, “Adherence to treatment”, which corresponds to lower adherence to pharmacother-
apy. The odds ratio (OR), calculated as OR = exp (0.55312) = 1.739, suggests that each unit increase in the level of
pharmacodynamic antagonism increases the patient’s odds of non-adherence to treatment by approximately 1.74 times,
assuming the effects of other variables in the model remain constant. Similarly, for the coefficient estimating the impact
of the “Toxic effect of drugs” (Estimate = 0.31126; p = 0.000187), both the positive coefficient value (0.31126) and high
statistical significance (p < 0.001) confirm that this factor is also reliably associated with lower adherence. An increase in
the level of toxic effects by one unit results in a corresponding increase in the log-odds of transitioning to a higher
category of the outcome variable, indicating reduced adherence to the pharmacotherapy of CHD with comorbid
conditions.

The Odds Ratio (OR), calculated as OR = exp (0.31126) ~ 1.365, indicates that a one-unit increase in the toxic effects
resulting from pDDISs is associated with a 1.36-fold increase in the likelihood of low adherence to treatment, assuming all
other variables in the model remain constant.

The coefficients for “pharmacodynamic antagonism” and “drug toxicity” in this study are statistically highly
significant factors that negatively affect treatment adherence. In particular, increases in these indicators are associated
with a greater likelihood of treatment discontinuation, which is clinically justified. In cases where a patient is aware of
their high or very high cardiovascular risk and simultaneously experiences insufficient treatment efficacy (due to
pharmacodynamic antagonism) or ADR (due to drug toxicity pDDIs), a natural and expected reaction is a decline in
adherence to pharmacotherapy.

Thus, the results clearly demonstrate an interrelationship between pharmacological factors and adherence to treat-
ment. Pharmacodynamic antagonism can reduce the clinical effectiveness of pharmacotherapy, while toxic pDDIs may
contribute to delayed ADR. Both factors are key determinants of reduced adherence to treatment in patients with CHD
with comorbid conditions. The increased likelihood of pharmacodynamic antagonism or toxic effects due to pDDI
indirectly reduced patients’ willingness to adherence to medication and treatment regimens. These findings are both

expected and clinically grounded.

Discussion

In our study, a significant difference in the distribution of “Number of medications taken” between different categories of
“Adherence to treatment” was confirmed (p = 0.001). At the same time, the number of medications taken (or pDDIs)
depended on patients’ adherence to treatment and differed in subgroups of patients by categories of adherence to
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treatment. These findings are supported by numerous clinical studies, which form the basis of clinical practice
guidelines® ©, and which recommend the use of fixed-dose drug combinations to enhance adherence to the pharma-
cotherapy of CHD in patients with comorbid conditions. In addition, the use of polypills (fixed-dose combinations,
FDCs) and their effect on improving treatment adherence — by a factor of 1.29 (1.29 [95% CI: 1.29 £+ 0.06]; p <
0.00001) — is also of significant importance, as confirmed by data from a systematic review and meta-analysis.*” It is
important to note that fixed-dose combinations are designed with consideration for the safe co-administration of multiple
active agents whose combined action results in pharmacodynamic synergism.** The results of our analysis, demonstrat-
ing a strong positive monotonic relationship between “Total pDDIs” and “Pharmacodynamic synergism” (Spearman’s
coefficient r, = 0.737630), further support this approach®® This statistically significant association confirms a consistent
trend: as the total number of drug interactions increases, so does the likelihood of pharmacodynamic synergism, which
contributes to enhanced pharmacotherapeutic efficacy of the prescribed treatment regimens. However, while the use of
fixed-dose combinations and polypills can improve treatment adherence, it may also limit the ability to implement
individualized approaches to pharmacotherapy, particularly those based on optimized and personalized treatment selec-
tion. In addition, they can lead to phenomena such as orthostatic hypotension or bleeding.*®*

It is known that the combination of ACE inhibitors, ARBs, and B-adrenergic blockers, sacubitril/valsartan with ASC
(a nonsteroidal anti-inflammatory drug, NSAID), even in low doses, may lead to toxic effects primarily due to reduced
renal function and suppressed prostaglandin synthesis.”®**** Moreover, the concomitant use of these pharmacological
groups can result in both pharmacodynamic synergism (eg, enhanced antihypertensive or cardioprotective effects) and
pharmacodynamic antagonism (eg, reduced efficacy or increased risk of adverse effects). These drug combinations are
commonly included in treatment regimens for patients with CHD with comorbid conditions, including CKD, hyperten-
sion, and T2DM. The frequency and potential risks associated with these combinations are illustrated in Figure 8. At the
same time, the combination of clopidogrel with ACE inhibitors, ARBs, -adrenergic blockers, and sacubitril/valsartan is
safe to use.”**’

Of particular note is the use of dual antiplatelet therapy (DAPT) in our cohort, observed in 65.51% of patients (95%
CI: 65.51 £ 0.04; p < 0.001). As highlighted in a systematic review of 58 clinical trials, patients with high and very high
cardiovascular risk in outpatient settings commonly receive, in addition to DAPT, statin therapy of varying intensity,
ACE inhibitors, ARBs, sacubitril/valsartan, and other pharmacological agents'* — a pattern that is consistent with findings
from our study. According to the literature, the combination of these medications significantly increases the risk of
ADRs, due to potential alterations in drug metabolism and reduced platelet inhibition efficacy, particularly, when
antiplatelet agents are combined with calcium channel blockers (8.97% [95% CI: 8.97 + 0.02; p < 0.001] in our cohort)
or statins (59.31% [95% CI: 59.31 = 0.04; p < 0.001])."* These drug interactions necessitate regular monitoring of liver,
kidneys function and clinical risks of bleeding to ensure a comprehensive evaluation of CHD with comorbid
conditions. ' Furthermore, the widespread combination of ACE inhibitors, ARBs, or sacubitril/valsartan with acetylsa-
licylic acid, a mainstay in modern DAPT regimens following index cardiovascular events and second prevention,
significantly increases the risk of toxic effects on renal function.?****

It is important to emphasize that the combination of renin-angiotensin-aldosterone system (RAAS) blockers with
other medications commonly used in the treatment of cardiovascular diseases may result in dyskalemia, or angioedema,”
primarily due to pharmacodynamic antagonism. In our study, 340 pDDIs were identified that potentially affected plasma
potassium levels (both elevations and reductions), which could have contributed to a decrease in treatment adherence.
However, we did not assess the clinical outcomes associated with these specific pDDIs, as electrolyte monitoring was not
routinely performed in the patient cohort during the observation period.

In addition, we have observed dangerous combinations of amiodarone with clopidogrel, which can lead to the
formation of the active metabolite of clopidogrel;*® with direct oral anticoagulants, which can increase the concentration
of the latter and lead to bleeding, especially in the case of the use of dabigatran (12-60%) or edoxaban (40%);>® statins,
which can lead to myopathies.*

Our findings regarding the negative impact of pharmacodynamic antagonism, which reduces the probability of
treatment adherence by approximately 1.74 times in patients with CHD with comorbidities (OR = exp (0.55312) =
1.739), underscore the critical importance of routine pharmacotherapy reviews to ensure the safe use of medications.
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These findings further support the integration of pharmacists and clinical pharmacists into multidisciplinary healthcare
teams. Additionally, the observed negative toxic effect of drug interactions, which decreases treatment adherence by 1.36
times (OR = exp(0.31126) = 1.365), highlights the need for proactive risk assessment of pDDIs based on the
pharmacological profiles of prescribed medications. This is particularly relevant given the high prevalence of unaccep-
table polypharmacy (95.86% in our study), where pDDIs are not adequately considered. Our previous study’’ demon-
strated that the overall medication burden, measured by the number of pills taken, significantly affects treatment
adherence (U = 4.895; Z-score = —2.793 (unadjusted), —2.844 (adjusted); p = 0.0052 and 0.0045, respectively). These
findings advocate for the wider use of fixed-dose combinations and the incorporation of deprescription practices during
clinical decision-making, facilitated through collaboration between physicians and pharmacists/clinical pharmacists. An
illustrative example is the irrational use of hypoglycemic therapy observed in our cohort, where 2.76% of patients with
CHD and T2DM received a simultaneous combination of biguanides, sulfonylureas, and SGLT?2 inhibitors, contradicting
the ESC clinical recommendations.®” Such cases further justify the need for systematic monitoring of pharmacotherapy
for CHD with comorbid conditions to ensure appropriate prescribing practices and optimized therapeutic dosing.
Furthermore, our results align with the recommendations of the ESC Heart Failure Association’s Clinical Consensus
Statement,'* and are supported by clinical trials demonstrating the positive impact of pharmacist or clinical pharmacist
interventions on adherence to treatment and the quality of life in patients with CHF.*®

The results of ordinal logistic regression analysis revealed a significant association between pharmacodynamic
antagonism (OR = 1.74) and toxic effects resulting from drug interactions (OR = 1.36) with an increased risk of low
treatment adherence in patients with CHD with comorbid conditions. It is important to highlight that treatment adherence
assessment was performed post hoc, ie, after completion of the prescribed pharmacotherapy. This methodological
approach allows for more reliable assumptions regarding the directionality of influence. It should be emphasized that
adherence to treatment was assessed after the prescription of pharmacotherapy for CHD with comorbid conditions. This
approach allows us to infer the direction of influence and account for factors such as forgetfulness, patients’ educational
level, and emotional state during their involvement in the treatment process, which were previously examined in our
earlier research. Thus, the present findings are not only statistically robust but also theoretically substantiated, providing
compelling evidence for the impact of pharmacological interactions on reducing adherence to pharmacotherapy in
patients with CHD and comorbidities. These results underscore the critical importance of individualized pharmacother-
apy planning and the integration of clinical pharmacists in managing complex treatment regimens to enhance therapeutic
adherence and patient outcomes.

Given the growing body of scientific evidence demonstrating the impact of pharmacodynamic antagonism,>”%*

synergism,”” and toxicity due to pDDIs***!

on final clinical outcomes in patients with CHD with comorbid conditions,
we believe that further investigation of these ADR is warranted as they represent important determinants of treatment
adherence. The results of our study highlight the necessity of systematically addressing issues related to unacceptable
polypharmacy, the medication burden measured by the number of prescribed tablets, and the development of evidence-
based strategies and models to improve treatment adherence.

In this study, we did not observe the effect of pDDI on the deterioration of the patients’ condition, as they were in the
inpatient ward and did not have any complaints or clinical signs. However, the effect of pDDI may have a delayed effect,
exacerbated by the complexity of treatment regimens and polypharmacy, taking into account the use of drugs at
therapeutic doses that are safe to use. Scientific evidence emphasizes the need for continuous monitoring of such patients
in the inpatient and outpatient settings.** The likelihood of developing delayed DDI effects increases not only with
complex pharmacotherapy regimens, but also in the presence of comorbidities and in old age. Clinically, such observa-
tions may manifest as a gradual decrease in the effectiveness of pharmacotherapy, the appearance of cardiac arrhythmias,
and deterioration of renal or hepatic function.***?

Important directions of our study include the use of real-world clinical data, the application of standardized and
validated pDDI sources (Drugs.com, Medscape), and the deployment of ordinal logistic regression, which allowed for
a comprehensive analysis of the combined impact of multiple pharmacological factors on treatment adherence.
Additionally, the study was based on a representative patient sample with a typical comorbid profile, enhancing the

external validity and generalizability of the findings. The insights obtained from this analysis have direct applicability in
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clinical practice, offering a foundation for the optimization of pharmacotherapy in CHD with comorbid conditions and
for targeted interventions aimed at enhancing medication adherence. These results support a paradigm shift toward more
personalized and pharmacologically sound therapeutic strategies, with active involvement of clinical pharmacists as part
of multidisciplinary care teams.

This study has certain limitations that should be acknowledged. One notable limitation is the absence of laboratory
assessment of electrolyte disturbances, particularly plasma potassium levels, which could have provided a more
comprehensive understanding of the toxic effects of pharmacotherapy due to pDDIs. Additionally, we did not include
an evaluation of psychosocial factors, such as educational attainment, psychological stress, anxiety, depression, patient-
physician trust, and patients’ attitudes toward generic versus innovative medications. However, these psychosocial
dimensions have been previously explored in our earlier research, as reflected in prior scientific publications, thereby
partially mitigating this limitation in the present study. Another important consideration is the potential for reverse
causality: patients with low adherence to treatment may have self-excluded from taking certain pharmacological classes
(eg, DAPT, direct oral anticoagulants, glucagon-like peptide-1 receptor agonists). This non-adherence may have
artificially lowered the total number of observed pDDIs, thus potentially underestimating the true scope of pharmaco-
logical risk in these individuals. Despite these limitations, the study provides a robust analysis of the influence of
pharmacodynamic drug interactions on treatment adherence in patients with CHD with comorbid conditions, laying the
groundwork for further investigations that integrate biochemical monitoring and psychosocial profiling. This study was
conducted over a relatively short period in conditions of military conflict, which limits the ability to further assess
changes in treatment adherence over time in relation to pharmacotherapy adjustments for CHD with comorbid
conditions.

The findings emphasize the critical role of involving clinical pharmacists/pharmacists in multidisciplinary care teams
to enhance treatment efficacy and reduce the incidence of pDDIs when prescribing therapy components in accordance
with current clinical guidelines. In the absence of a clinical pharmacists/pharmacists, it is recommended that physicians
utilize standardized resources — such as Drugs.com or Medscape — to assess the pharmacodynamic properties (synergism,
antagonism, toxicity) of prescribed pharmacotherapy to ensure both its effectiveness and safety.

Conclusions

1. An assessment of the impact of pharmacological interaction types revealed that, in the studied population of
patients with CHD with comorbid conditions, unacceptable polypharmacy was present in 95.86% of prescriptions
(95% CI: 95.86 £ 0.02; p < 0.001). This level of polypharmacy may be associated with clinically significant
pDDlIs.

2. It was established that the total number of pDDIs per prescription is statistically significantly correlated with the
types of pharmacodynamic synergism (r; = 0.737), antagonism (7, = 0.659), and toxic effects (r; = 0.554).

3. A statistically significant association was identified between the presence of pharmacodynamic antagonism (OR ~
1.74) and toxic effects due to drug interactions (OR ~ 1.36) and an increased likelihood of low treatment
adherence. These findings highlight the clinical relevance of these factors in influencing treatment response in
patients with CHD with comorbid conditions when guidelines pharmacotherapy is prescribed.

4. The study found that an increase in the number of pDDIs is associated with changes in the pharmacodynamic
profile of prescribed combinations of drugs from different pharmacological classes. These changes may potentially
reduce the effectiveness or safety of treatment and, consequently, lead to lower patient adherence to pharma-
cotherapy in individuals with CHD with comorbid conditions.
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