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ABSTRACT 

	Background: Cardiovascular diseases persist as a major global health burden, driven by modifiable risk factors notably hypertension, diabetes, smoking, obesity, and poor dietary patterns that promote progressive atherosclerosis, compromise coronary perfusion, and ultimately result in life-threatening ischemic complications. 
Objective: Our study was conceptualized to assess the prescribing practice in cardiovascular patients using WHO prescribing indicators, evaluate medication adherence, and examine the association between polypharmacy and other relevant drug-related problems.
Methodology: An interventional  study was conducted for 6 months among cardiovascular inpatients in a tertiary care research centre, South India, after procuring ethical clearance. A cohort of 150 participants were selected. Rational drug use was evaluated by analysing the prescription using WHO core indicators. Patient prescription including minimum of 2 medications were included in this study, and the prescriptions were analysed for drug-related problems through secondary resources like IBM Micromedex and LEXICOMP. They were assessed for medication adherence using a structured questionnaire, and the adherence pattern was analysed using regression analysis. Chi-square test was used to interpret Categorical data, while quantitative variables were analysed using paired t-tests.
Results: The prevalence of cardiovascular disease was more evident in males (64.67%) than in females (35.33%), with the highest frequency observed in the 41–60 age group. Overall, the prescribing pattern in this cardiovascular patient population was irrational, as reflected by excessive polypharmacy (7.85 drugs per encounter), very low generic use (12.99%), over prescription of antibiotics (44.66%), and injections (80%), and suboptimal adherence to the Essential Medicines List (85.28%), all of which fall far outside WHO- recommended standards. Polypharmacy was identified among 78% of patients and has significantly coincided with an increased incidence of drug-related problems (p = 0.05), indicating a statistically significant relationship. Medication adherence improved significantly after patient counselling, with the mean and standard deviation adherence score (before=39.01 ± 3.54, after=40.66 ± 3.59) improving from 7.12 to 19.19.
Conclusion: The study highlights concerning prescribing patterns in cardiovascular inpatients, including a high average number of drugs per encounter and low generic prescribing. A significant association was observed between polypharmacy and the proportion of drug-related problems, underscoring the need for vigilant prescription monitoring. Targeted patient counselling markedly improved medication adherence, emphasizing the value of pharmacist-led interventions in optimizing cardiovascular care
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1. INTRODUCTION 

CVDs persist as the dominant global health threat, responsible for a majority of premature deaths and contributing substantially to diminished quality of life, long-term disabilities, and healthcare burden1. Over the past decades, cardiovascular diseases have continued to claim lives at an alarming rate. During the years 2007-2017, total CVD-related deaths increased by 21.1%, underscoring a rising absolute burden even as age-standardised mortality rates showed a modest decline—from 259.9 to 233.1 deaths per 100,000 population. Ischaemic heart disease and stroke continue to dominate the cardiovascular mortality profile, accounting for nearly 85% of all CVD-related deaths in 20172.Based on WHO’s 2016 estimates, cardiovascular diseases constituted 27% of total deaths in India, thereby dominating the mortality landscape of non-communicable diseases, which accounted for 63% of all fatalities3. A meta-analysis pooling data from studies conducted between 2000 and 2024 estimated an overall adult CVD prevalence of 11%4. CVDs involve a heterogeneous range of conditions that disrupt the normal function and architecture of the heart and vasculature, involving CAD, heart failure, stroke, hypertension, cardiomyopathies, arrhythmias, and rheumatic heart disease5. Management of these cardiac disorders demands a multidimensional approach tailored to their evolving complexity. When pharmacological management, such as beta-blockers, anticoagulants, antiplatelets, statins, ACE inhibitors, or calcium channel blockers alone prove insufficient—particularly in high-risk individuals—interventional strategies such as PCI and CABG become indispensable in restoring perfusion and reducing cardiovascular events6. Effective pharmacotherapy plays an integral role in maximizing the efficacy and minimizing the harm associated with cardiovascular events. The complexity of treatment regimens, especially in patients with multiple comorbidities, has contributed to the rise of polypharmacy—bringing with it significant concerns related to rational prescribing, DRPs, and medication adherence7. 
The World Health Organization has established and validated a set of core indicators, classified into three categories: prescribing indicators, patient care indicators, and facility indicators. Among these, prescribing indicators serve as essential tools to evaluate the rational use of medicines in healthcare settings. They account for: Average number of drugs per encounter, Percentage of drugs prescribed by generic name, Percentage of encounters with an antibiotic, Percentage of encounters with an injection, and Percentage of drugs prescribed from the essential medicines list or formulary8. In cardiovascular care, each pill added to the regimen can be both a promise and a peril—polypharmacy, while intended to heal, frequently opens the door to drug-related problems that may silently unravel the intended therapeutic outcomes. Drugs used to treat cardiovascular conditions have been associated with DRPs when inappropriately used. The predominant inpatient DRPs were associated with prescribing errors such as drug interactions, drug duplication, and adverse drug reactions9. Medication adherence bridges the gap between prescription and optimal outcome. Factors influencing adherence include patient-related beliefs, socioeconomic status, healthcare system inefficiencies, and side effects associated with medications10. It is presumed that a higher burden of polypharmacy and irrational prescribing patterns is significantly associated with increased drug-related problems and therefore the targeted educational interventions may enhance medication adherence, ultimately contributing to safer and more effective cardiovascular care. Against the backdrop of these concerns, this study seeks to assess the rationality of drug use in cardiovascular patients by applying WHO prescribing indicators, identify and classify drug-related problems associated with polypharmacy, and evaluate patients’ knowledge of medication adherence during hospital admission and at discharge. 





2. METHODOLOGY 

Study Design and Setting
This interventional study was carried out in the Cardiology Department of tertiary care teaching hospital. The study was conducted over six months, from February to July 2024, encompassing all phases, including protocol development, obtaining ethical clearance, conducting pilot study, recruiting participants, data collection, and data analysis.
Study Population and Eligibility Criteria
Patients admitted with a confirmed diagnosis of one or more cardiovascular conditions, aged 20 years and above, and prescribed a minimum of two medications during their inpatient stay were considered eligible. Patients who voluntarily consented to participate and provided written informed consent in either English or Kannada were included in the study. Exclusion criteria included pregnancy or lactation, inability or unwillingness to provide informed consent, presence of psychiatric or cognitive impairments affecting communication or comprehension, and incomplete or insufficient medical records that hindered data retrieval.
Determination of Sample Size 
The sample size was calculated by using the single population proportion formula,[n=((Zα2 × p × q ))/d2]  incorporating a 95% confidence level (Z = 1.96), a cardiovascular disease prevalence of 48.6% (from NHANES 2017–2020)¹¹, an absolute precision of 8%, and a complementary proportion (q) of 51.4%, resulting in a required sample size of approximately 150 inpatients, which was achieved during the study. Based on disease prevalence and desired precision, the sample size of 150 was determined through statistical calculation.
Study Variables and Data Collection
The study assessed key variables, including demographic details (age, gender, social history) and clinical characteristics (diagnosis, current therapy, and medical history), which were obtained from case sheets using a structured data collection form. Lexicomp® and Micromedex® were used as standard, evidence-based clinical databases for detecting relevant drug-related problems, including potential drug-drug interactions, medication errors, and duplicate therapies.  Adherence to Medication was assessed using a validated and structured questionnaire during the stay and before discharge, while the effectiveness of patient counselling was assessed through patient feedback before discharge. Supporting tools included PILs, WHO prescribing indicators, and a standardised adherence assessment questionnaire.
Ethical Clearance
Ethical clearance was obtained from the Institutional Ethics Review Board (IERB No: 81-2024) 
Statistical Analysis
Quantitative variables such as age, number of prescribed medications, and adherence scores were summarised using means and standard deviations. In contrast, categorical variables like gender and the presence of drug-related problems were outlined as frequencies and percentages. Statistical analysis of the data was performed using (SPSS version 20.0), with data initially entered in MS Excel 2021. Descriptive statistics, including mean, standard deviation, frequencies, and percentages, were used to summarize the data. A Chi-square test revealed a statistically significant association between polypharmacy and presence of drug-related problems in cardiovascular patients (χ², p = 0.05). Differences in medication adherence knowledge scores between admission and discharge were assessed using a paired t-test.
Study Phases
The study was structured into three phases:
Phase I: Involved a comprehensive literature review, finalisation of objectives, sample size estimation, development of data collection tools, and a pilot study, which was conducted to validate study tools and refine procedures.
Phase II: Focused on patient recruitment and systematic data collection using structured forms.
Phase III: Encompassed data analysis, interpretation, and documentation of findings.
3. RESULTS AND DISCUSSION

Cardiovascular diseases were more prevalent in participants aged 41-60, during which cumulative exposure to cardiovascular risk factors begins to manifest clinically. The predominance in males could be attributed to hormonal and behavioral patterns. A higher proportion of patients had secondary education, indicating a moderate level of health awareness in the study population. Among the 150 patients, the majority were married, with an equal rural–urban distribution. Most belonged to lower- and middle-income categories, indicating moderate socioeconomic status.  A minority reported smoking (27) and alcohol use (20), reflecting common but limited lifestyle-related risk behaviors. Hypertension was the predominant comorbidity, followed by diabetes mellitus and ischemic heart disease, reflecting the major metabolic and vascular contributors to cardiovascular illness in the study population.


             Table 1: Sociodemographic Details 
 
	CHARACTERISTIC
	CATEGORY
	NUMBER (n)
	PERCENTAGE

	Age in years
	20-40
	8
	5.33

	
	41-60
	83
	55.33

	
	61-80
	57
	38.00

	
	81-100
	2
	1.33

	Gender
	Male
	97
	64.67

	
	Female
	53
	35.33

	Education status
	Nil
	33
	22 

	
	Primary
	39
	26

	
	Secondary
	56
	37.33

	
	Higher secondary
	1
	0.67

	
	Graduate
	21
	14

	
	Post graduate
	0
	0

	Residential area
	Rural
	75
	50

	
	urban
	75
	50

	Marital status
	Unmarried
	1
	0.67

	
	Married
	116
	77.33

	
	Widowed
	25
	16.67

	
	divorcee
	8
	5.33

	Family income
	<50000
	63
	42

	
	<100000
	63
	42

	
	100000-500000
	22
	14.67

	
	>500000
	2
	1.33

	Health insurance
	Yes
	27
	18

	
	No
	123
	82

	Social history
	Nil
	90
	60

	
	Tobacco chewing
	13
	8.67

	
	Alcohol consumption
	20
	13.33

	
	smoking
	27
	18

	Comorbidities
	Hypertension
	76
	50.67

	
	Diabetes mellitus
	57
	38

	
	Ischemic heart disease
	8
	5.33

	
	others
	2
	1.33




The analysis of cardiovascular drug prescriptions revealed that antiplatelets were the most frequently prescribed class (92.67%), followed by statins (84.67%), and anticoagulants (65.33%), highlighting their central role in preventing thrombotic events, lipid management and cardiovascular risk reduction, and preventing clot formation whereas,  potassium channel openers (36%), anti-anginals (27.33%), and ACE-I inhibitors (2.67%) were prescribed to a lesser extent, suggesting selective use based on patient-specific needs. Among antidiabetic drugs, biguanides (64.28%) and sulfonylureas (55.35%) were commonly prescribed, reflecting their established role as first-line and add-on therapies in patients with cardiovascular comorbidities.The prescription of antibiotics (50.76%) indicates the need to address comorbid conditions that may complicate cardiovascular disease management.


        

         Table 2: Distribution Based on Pharmacological Classification of Drugs

	PHARMACOLOGICAL DRUGS
	FREQUENCY
	PERCENTAGE

	antiplatelets
	139
	92.67

	statins
	127
	84.67

	anticoagulants
	98
	65.33

	betablockers
	68
	45.33

	diuretics
	36
	39.33

	anti-anginal 
	41
	27.33

	k+ channel openers
	54
	36

	ACE-I
	4
	2.67

	beta 1 agonist
	21
	14

	biguanides
	36
	64.28

	sulfonylurea
	31
	55.35

	PPI
	136
	98.55

	antibiotics
	66
	50.76



  The assessment of the rationality of prescriptions in cardiovascular patients using WHO indicators showed that, among 150 prescriptions, a total of 1,178 drugs were prescribed. The average number of drugs per encounter was 7.85, reflecting polypharmacy. The percentage of medicines prescribed by generic name was 12.99%. Injections were prescribed in 80% of encounters, indicating extensive use. Antibiotics were prescribed in 44.67% of encounters. Additionally, 85.22% of the prescribed drugs were listed in the essential medicines list.
 
                Table 3: Prescription Analysis Using WHO Prescribing core Indicators
	WHO PRESCRIBING INDICATORS
	TOTAL
	OBTAINED
VALUE
	OPTIMAL
VALUE

	THE AVERAGE NUMBER OF DRUGS PER ENCOUNTER
	1178
	7.85
	1.6-1.8

	% OF DRUGS PRESCRIBED BY GENERIC NAME
	153
	12.99
	100

	% OF ENCOUNTERS WITH AN ANTIBIOTIC
	67
	44.67
	20.0-26.8

	% OF ENCOUNTERS WITH AN INJECTION
	120
	80
	13.4-24.1

	% OF DRUGS FROM ESSENTIAL DRUG LIST
	1004
	85.22
	100




As per the study, when prescriptions were analyzed, it was found that 117 (78%) prescriptions had more than 5 drugs and only 33(22%) patient’s prescription did not associate with poly pharmacy.    
        
            Figure 1: Distribution Of Polypharmacy in the Study Population
                     [image: ]
Among 150 prescriptions analyzed, 144 (96%) prescriptions were attributed to Drug interactions as the main cause of drug-related problems. Drug duplication was found in 30 (20%) prescription followed by medication error in 17 (11.33%) prescriptions, and inappropriate drug was found in 10 (6.67%) prescriptions. Adverse drug reaction and drug overdose was found to be 9 (6%) and 4 (2.67%) in the prescription, respectively. Only 2 (1.33%) prescription accounted for contraindication of drug in the patient, which was found to be the least among the drug related problems.

                               
                                    

                        Table 4: Observance of Drug-Related Problems

                    
	Drug-Related Problems
	Frequency
	Percentage

	Drug Interactions
	144
	96

	Adverse Drug Reaction
	9
	6

	Inappropriate Drug
	10
	6.67

	Contraindication
	2
	1.33

	Drug Duplication
	30
	20

	Drug Overdose
	4
	2.67

	Medication Error
	17
	11.33




In our study, patients with polypharmacy were found to have a higher incidence of drug-related problems compared to those without polypharmacy, and the difference was statistically significant (P = .05).  





Table 5: Association Between the Drug-Related Problems and Polypharmacy


	ASSOCIATION BETWEEN THE DRUG-RELATED PROBLEM AND POLYPHARMACY

	PARAMETER
	POLYPHARMACY
	P VALUE

	
	YES
	%
	NO
	%
	




0.05


	DRUG INTERACTION
	114
	79.16
	30
	20.83
	

	ADVERSE DRUG REACTION
	7
	77.78
	2
	22.22
	

	INAPPROPRIATE DRUG
	10
	100
	0
	0
	

	CONTRAINDICATION
	2
	100
	0
	0
	

	DRUG DUPLICATION
	29
	96.67
	1
	3.33
	

	DRUG OVERDOSE
	4
	100
	0
	0
	

	MEDICATION ERROR
	16
	94.12
	1
	5.88
	





  
                                                                                           
























Out of the total population, 92 patients (61.33%) were found to be non-adherent based on preliminary data, while 56 patients (37.33%) were adherent to their medications. After patient counselling, a significant improvement was observed: 100 patients (66.67%) became adherent, whereas 50 patients (33.33%) remained non-adherent.













Figure 2: Distribution Of Adherence Pattern in Patients Before and After Patient Counselling


    


The table shows that before the pharmacist intervention, the mean adherence score was 39.01 (n = 150, SEM = 0.436), which increased to 40.66 (n = 150, SEM = 0.356) after the intervention.
The paired t-test revealed a highly significant association between the intervention and medication adherence, with a ( P = .00)



          Table 6: Distribution Of Adherence Pattern Before and After Patient Counselling
        
	

PARAMETER
	

NON-ADHERENT
	

ADHERENT
	

MEAN ± SD
	Std ERROR MEAN
	

P VALUE

	Before
	92
	58
	39.01 ± 3.54
	0.436
	0.0001

	After
	50
	100
	40.66 ± 3.59
	0.356
	














Discussion
Drug utilization research is a pivotal tool for advancing rational prescribing and safeguarding patient outcomes. Despite decades of global investigation, inappropriate drug use continues to be a pervasive challenge. Cardiovascular patients were chosen as the focus of this study because they embody the complexities of modern pharmacotherapy—polypharmacy is almost inevitable, drug-related problems are frequent, and adherence remains a constant struggle. Against this backdrop, this study uniquely integrates three critical dimensions of cardiovascular care, offering a holistic and pragmatic perspective on rational drug use and its clinical impact.
The predominance of middle-aged and elderly patients in our cohort reflects the natural epidemiology of cardiovascular disease and highlights their heightened vulnerability to polypharmacy and DRPs, as comorbidities necessitate complex regimens. This aligns with a meta-analysis showing that nearly half of older Indian adult’s experience polypharmacy, with over a quarter exposed to potentially inappropriate medications29. The male predominance in our cohort reflects regional cardiovascular admission patterns, driven by lifestyle factors, occupational risks, and health-seeking behaviors30. This skew influences prescribing trends (e.g., more antiplatelet and statin use), while women’s distinct adherence challenges are often overlooked. Limited literacy in nearly one-fourth of participants emerged as a key barrier to adherence, as poor health literacy hampers comprehension of complex regimens. This is reinforced by evidence from a cohort study, which showed a stepwise decline in cardiovascular mortality with increasing educational attainment. Rural patients faced poorer adherence driven by limited access, higher costs, and weaker health system support—echoing global evidence that cardiovascular adherence is consistently lower in rural than urban populations, although in our study the distribution was nearly equal between the two groups31. Low socioeconomic status reflected polypharmacy risk and cost-related non-adherence, with lack of insurance in LMICs recognized as a key barrier to long-term treatment continuity. The high comorbidity burden in this population necessitated polypharmacy for guideline-based care but simultaneously drove the elevated incidence of DRPs, a trend also reported in older Indian cohorts where comorbidity clusters were closely linked to prescribing complexity and DRP occurrence32.
In our study, aspirin and clopidogrel (92.67%) were the most prescribed antiplatelet drugs, aligning with the findings of Catherin T J et al.6. Anticoagulants were prescribed in 65.33% of cases, with unfractionated heparin being the most frequent, like the 55.28% rate reported by Shruthi Dawalji et al.8. Statins (84.67%), beta blockers (45.33%), diuretics (39.33%), anti-anginal drugs (27.33%), and potassium channel openers (36%) were also widely used, reflecting common therapeutic strategies. These results are consistent with the study by Syeda Juveria Sultana et al.19, where ACE inhibitors (72.2%), beta blockers (68.89%), and diuretics (52.38%) were prescribed in comparable proportions, supporting the robustness of our prescribing patterns.
WHO core prescribing indicators, though not exhaustive, provide a practical and reliable first-level assessment of prescribing behaviour, allowing early detection of irrational trends in drug use. In our study, these indicators offered valuable insights into overall prescription quality, independent of specific diagnoses, thereby highlighting both strengths and gaps in rational drug use among cardiovascular patients. Such findings not only benchmark current practices but also signal priority areas for targeted interventions and deeper condition-specific evaluations33. The average number of drugs per encounter in our study was 7.85—substantially above the WHO-recommended 1.6–1.8, reflecting pronounced polypharmacy driven by comorbidities, NCD burden, and an aging population, consistent with findings by Dawalji et al.8 and Sultana et al.19. Our study unveiled only 12.99% of drugs were prescribed by generic name, considerably lower than the WHO’s recommended limit. This result aligns with Binu et al.20, who reported 14.83% generic prescribing, but is notably higher than the findings of Afroz et al.21 and Meena et al.34, who reported 3.79% and 3.64%, respectively. Generic prescribing is crucial to reduce dispensing errors from LASA drugs and to lower patients’ financial burden. With antibiotic use at nearly double the recommended limit, our findings underscore the urgent need for stewardship programs and routine culture testing to prevent rising antimicrobial resistance. Encounters with injections in our study were 80%, far above the WHO-recommended range. Finally, the proportion of drugs prescribed from the NLEM was 85%, reflecting a 15% deviation from the WHO’s ideal of 100%. Nevertheless, this was higher juxtaposed to the studies by Binu et al.20(70.26%) and Asha Pathak et al.23(76.06%). Prescribing from the essential drug list indicates better alignment with national drug policy and enhances cost-effectiveness, accessibility, and rational use of medicines. Polypharmacy was evident in 78% of participants, reflecting the high burden of comorbidities that necessitate complex regimens and elevate the risk of DRPs. Among identified DRPs, drug interactions were most common (96%), followed by medication errors (11.33%) and contraindications (1.33%), consistent with findings by Khatiwada et al.24. Furthermore, our study revealed a significant association between polypharmacy and specific DRPs, with drug-drug interactions observed in 79.16% of cases and adverse drug reactions in 77.78%, while drug overdose and contraindication were associated in 100% of cases. This association was statistically significant (p = 0.005), corroborating findings by Berhane Yohannes Hailu27, who also reported a strong link between polypharmacy and DRPs with p < 0.005. These results underscore the critical role polypharmacy plays in increasing the risk of drug-related problems, highlighting the need for careful medication management in patients with multiple comorbidities. Medication adherence was assessed using a self-designed questionnaire before and after counselling with a Patient Information Leaflet. The mean adherence score improved dramatically from 7.12 pre-intervention to 19.19 post-intervention, with a statistically significant p-value of <0.001. This underscores the powerful impact of structured counselling in enhancing patient adherence to prescribed therapies.




4. Conclusion

The study’s single-centre design and relatively small sample size may limit the broad relevance of the findings to other healthcare settings. Additionally, the short duration of six months restricted the assessment of long-term effects of polypharmacy, such as chronic adverse drug reactions and sustained adherence patterns. Seasonal variations in morbidity, staffing fluctuations, and inconsistencies in medicine supply may also have influenced prescribing trends observed during the study period. This study offers a comprehensive evaluation of cardiovascular pharmacotherapy by integrating three critical dimensions: rational prescribing assessed through WHO prescribing indicators, the burden of drug-related problems in the context of polypharmacy, and the trajectory of patient adherence from admission to discharge. Unlike studies that focus on these elements in isolation, our approach highlights their interconnectedness—how irrational prescribing fuels polypharmacy, how polypharmacy amplifies DRPs, and how structured counselling can reverse poor adherence. By unifying these perspectives, the study not only identifies gaps in current practice but also underscores the key role of pharmacist-led interventions in strengthening patient safety and therapeutic outcomes.
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CVD-Cardiovascular Diseases 
CAD-Coronary Artery Disease
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CABG-Coronary Artery Bypass Grafting
DRP-Drug Related Problems
PIL-Patient Information Leaflets
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NCD- Non-communicable Diseases
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