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Article 
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Abstract: The study aimed to identify clinical pharmacology patterns of prescribed and taken 

medications in older cardiovascular patients using electronic health records (EHRs) (n = 704) (2019–

2022). Medscape Drug Interaction Checker was used to identify pairwise drug-drug interactions 

(DDIs). Prevalence rates of DDIs were 73.5% and 68.5% among taken and prescribed drugs, 

respectively. However, total number of DDIs was significantly higher among prescribed 

medications compared with the list of taken drugs (p < 0.05). Serious DDIs comprised 16% and 7% 

of all DDIs among prescribed and taken medications, correspondingly (p < 0.05). Median DDI 

numbers between prescribed versus taken medications were Me = 2, IQR 0-7 and Me = 3, IQR 0-7 

per record, respectively. Prevalence of polypharmacy was significantly higher among prescribed 

medications compared with taken medications (p < 0.05). Women were taking significantly more 

drugs and had higher rates of polypharmacy and DDIs (p < 0.05). No sex-related differences were 

observed in the list of prescribed medications. ICD code U07.1 (COVID-19, virus identified) was 

associated with the highest median DDI number per record. Further research is warranted to 

improve EHR structure, patient engagement in reporting adverse drug reactions, and genetic 

profiling of patients to avoid potentially serious DDIs.  

Keywords: cardiovascular disease; drug-drug interaction; polypharmacy; health information 

system; electronic health record; epidemiology; public health 

 

1. Introduction 

Multimorbidity is the coexistence of multiple health conditions potentially aggravating each 

other. A systematic review and meta-analysis of 126 studies showed that the global prevalence of 

multimorbidity is as high as 37.2%, and over half (51.0%) of worldwide population aged 60 years and 

older have multimorbid conditions [1]. The prevalence of polypharmacy among patients of 

secondary-level hospital reaches 98%, with 5.1% having minor polypharmacy (two to three 

medications), 10% having moderate polypharmacy (four to five medications), and 83% having major 

polypharmacy (more than five medications) [2]. Up to 17% of older adults in Germany have at least 

one potential drug-drug interaction (DDI) [3]. Over half of nursing home residents (52.7%) are 

exposed to at least 1 DDI and 25.0% to more than one DDI [4]. Prevalence of DDIs in palliative care 

ranges from 31 to 75% across various health care settings [5]. In COVID-19 patients administered 

with ritonavir-containing therapy in the U.S., the weighted prevalence of major to contraindicated 

potential DDIs was 29.3%. Prevalence rates of DDIs among those 60 years and older with serious 
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heart conditions, diabetes, and moderate chronic kidney disease were 60.2%, 63.4%, and 80.7%, 

respectively [6].  

Geriatric syndromes co-exist with acquired chronic diseases and contribute to multimorbidity. 

Multimorbidity predisposes a person to interactions between drugs administered for treatment of 

involved pathologies so that the resulting risk exceeds a simple summation of risks. Drug-drug 

interactions may lead to adverse drug reactions (ADRs), and medical error was reported to be the 

third leading cause of death in the U.S. [7]. Polypharmacy is associated with increased emergency 

department transfer in older long-term care residents, with the strength of association increasing with 

the number of medications prescribed [8].  

One of the challenges facing healthcare today is the need of interdisciplinary team-based 

approach to management of patients with multiple health conditions. It is essential for a cardiologist 

to be aware of therapies their patients are prescribed by other medical specialists (neurologists, 

endocrinologists, rheumatologists, ophthalmologists, etc.) after onset of long-term treatment for 

cardiovascular disease. Another challenge is a lack of information on overall burden of DDIs in 

cardiovascular patients receiving medical help for multiple morbidities including diabetes, 

inflammatory conditions, etc. from multiple independent healthcare providers.  

The present study aimed to assess the patterns of DDIs and polypharmacy in older patients with 

cardiovascular diseases based on electronic health records (EHRs) stored in health information 

system in 2019–2022.  

2. Materials and Methods 

2.1. Ethics 

Observational cross-sectional analytical study was performed in accordance with the standards 

of Good Clinical Practice and the Declaration of Helsinki. The study protocol was approved by the 

local Biomedical Ethics Committee (approval #230 from June 28, 2022) and registered at 

ClinicalTrials.gov (Identifier NCT05336565).  

2.2. Inclusion Criteria 

Inclusion criteria were the established diagnosis of cardiovascular disease, age of 75 years and 

older, and the presence of EHR in the regional health information system.  

2.3. Sample Size Calculation 

We assumed the prevalence of potentially serious DDIs in our cohort during the pandemic in a 

range from 17% to 81% [3–6]. We considered the acceptable margin of error of 5%, confidence level 

of 95%, and approximate population size of 20,000 with the latter roughly the third of population 

aged 75 years and older in the region. Taking into account assumed 18%-response distribution, we 

calculated sufficient sample size of 225 as follows: the sample size n and margin of error E are given 

by 

x = 𝑍𝑍 × (𝑐𝑐 100� )2 × 𝑟𝑟(100− 𝑟𝑟) 

𝑛𝑛 = 𝑁𝑁 × 𝑥𝑥
((𝑁𝑁 − 1) × 𝐸𝐸2 + 𝑥𝑥)�  

𝐸𝐸 = �(𝑁𝑁 − 𝑛𝑛) × 𝑥𝑥 𝑛𝑛 × (𝑁𝑁 − 1)�  

where N is the population size, r is the fraction of responses that we are interested in, and 

Z×(c/100) is the critical value for the confidence level c. Taking into account that the number of 
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analyzed records (n = 704) exceeded the calculated sample size, we considered the sample size 

sufficient.  

2.4. Sample Characteristics  

The EHRs were obtained from the health information system implemented in 24 health care 

institutions of Tomsk and Tomsk Region. The EHRs covered period from 2019 to 2022. Probability 

serial nested sampling method was used for patient selection. Cardiovascular diagnosis of patients 

was established and/or verified by cardiologist. Unstructured text of 704 EHRs was analyzed. Patient 

sex was identified based on patient ID document presented for establishing the EHR. 

2.5. Medication Lists and Sublists 

The analyzed EHRs contained unstructured textual information on both medications taken by 

patients and medications prescribed to patients during medical care encounters. Two large 

medication lists were established, namely: prescribed medication list (P-List) and taken medication 

list (T-List) with 'P' and 'T' standing for prescribed and taken medications. These lists comprised 

medications taken by or prescribed to the entire study cohort to assess DDIs and polypharmacy 

burden at the population level. During the further analysis, the sublists of taken and prescribed 

medications were established based on patient sex and primary ICD class associated with medical 

care encounter. Combinations of taken or prescribed drugs associated with a given individual 

medical care encounters were also analyzed.  

2.6. Polypharmacy, DDIs, and DDI Index 

Prevalence rates of DDIs and polypharmacy were expressed as percentages. The use of five 

medications or more was considered polypharmacy. Pairwise DDIs were identified and classified 

into contraindicated, serious, requiring close monitoring, and minor using Medscape Drug 

Interaction Checker [9].  

Considering that individual records documented multiple DDIs classified into four different 

categories, we developed DDI index by introducing the following coefficients corresponding to drug 

impact categories: 1 (minor), 2 (monitor-closely), 3 (serious), and 4 (contraindicated). DDI index was 

calculated as the sum of relevant coefficients multiplied by number of corresponding DDIs as follows:  𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑛𝑛𝑖𝑖𝑖𝑖𝑥𝑥 = (4 × 𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) + (3 × 𝑛𝑛𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠) + (2 × 𝑛𝑛𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐) + (1 × 𝑛𝑛𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) 

2.7. Statistics  

Statistical processing of data was done using Microsoft Excel 2010 and STATISTICA 10 software. 

Figures were created using Microsoft Excel 2010, STATISTICA 10, and Adobe Illustrator. Normality 

of distribution of variables was checked by the Kolmogorov–Smirnov test and the Shapiro–Wilk test. 

Data are presented as percentages, absolute numbers, mean ± standard deviation, and median and 

interquartile range where appropriate. Significance of differences between non-normally distributed 

variables was assessed by Mann-Whitney U test. Significance of differences between normally 

distributed variables was assessed by Student’s t-test. Categorical variables were compared by Chi-

Square test using 2 × 2 contingency tables. Values were considered statistically significant when p 

was < 0.05. 

3. Results 

3.1. EHRs 

Out of 704 EHRs analyzed, 38.1% of records belonged to men, and 61.9% of records belonged to 

women. The records were created during ambulatory patient visits (n = 458), home visits by primary 

care physicians (n = 118), patient stays in hospital wards (n = 18), and hospital discharge procedures 

(discharge epicrisis records, n = 103) from January, 2019 to August, 2022. Information on prescribed 
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drugs was present in 92.9% of EHRs; 51.7% of EHRs contained detailed information on drugs taken 

by patients.  

Among EHRs with documented information on pharmacotherapy, number of medications per 

record ranged from 1 to 28 for the taken drugs (Me = 5, IQR 3-7; n = 361) and from 1 to 18 for the 

prescribed drugs (Me = 6, IQR 4-8; n = 651), p < 0.05. Female patients were taking significantly more 

drugs than men (p < 0.05) (Figure 1A). The number of medications per record in the P-List 

significantly exceeded the corresponding number in the T-List (p < 0.05) (Figure 1B). 

 

Figure 1. A: median number of taken medications per record in women versus men. B: median 

number of taken versus prescribed medications per record. C: median number of drug-drug 

interactions (DDIs) between taken medications in women versus men. D: median number of serious 

DDIs between taken versus prescribed medications per record. Only statistically significant results 

are presented (p < 0.05).  

Polypharmacy 

In case of polypharmacy, median number of drugs prescribed to patient per record did not 

significantly differ from the median number of medications reported as 'taken': Me = 7, IQR 5-9 versus 

Me = 7, IQR 6-9 (p > 0.05). However, the prevalence of polypharmacy was significantly higher in the 

list of prescribed medications than in the list of taken medications (p < 0.05).  

Polypharmacy occurred significantly more often in women than in men taking medications (p < 

0.05). However, no sex-related differences were found in the rates of polypharmacy in the list of 

prescribed medications.  

3.3. DDIs 

Number of DDIs per record ranged from 0 to 70 and from 0 to 39 for the taken and prescribed 

medications, respectively. The prevalence rates of DDIs were 73.5% and 68.5% in the T- and P-Lists, 
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respectively. However, serious DDIs comprised 16% of drug interactions in the P-List and 7% of DDIs 

in the T-List (p < 0.05). Median DDI numbers per record in the T- and P-Lists were Me = 2, IQR 0-7 

versus Me = 3, IQR 0-7, respectively. Total number of DDIs was significantly higher in the P-List 

compared with the T-List (p < 0.05) (Figure 2).  

 

Figure 2. Numbers of drug-drug interactions (DDIs) classified into contraindicated, 

serious/dangerous, monitor-closely, and minor in the lists of prescribed and taken medications. *p < 

0.05. 

In the T-List, we identified 365 pairwise drug combinations associated with DDIs, and the total 

number of DDI occurrences due to these combinations reached 1879. Among these, 249 drug 

combinations were associated with DDIs requiring close monitoring (n = 1551); 73 drug combinations 

were associated with minor DDIs (n = 193); 41 combinations were associated with serious DDIs (n = 

130); and only two drug combinations were associated with contraindicated DDIs (n = 5).  

In the P-List, we identified 439 drug combinations associated with DDIs, and these drug 

combinations resulted in more than seven-fold number of pairwise drug interactions (n = 3261). 

Among these, 317 drug combinations were associated with DDIs requiring close monitoring (n = 

2709); 79 combinations were associated with minor DDIs (n = 261); 42 combinations were associated 

with serious DDIs (n = 290); and one combination was associated with contraindicated DDIs (n = 2). 

Female sex was associated with a significantly higher median number of DDIs between taken drugs 

per record compared with male sex (p < 0.05) (Figure 1C). Significantly higher number of serious 

DDIs was identified in the P-List versus the T-List (p < 0.05) (Figure 1D).  

Top three most common drug combinations associated with serious/dangerous DDIs were 

aspirin + captopril, captopril + losartan, and aspirin + lisinopril in the P-List (Figure 3) and aspirin + 

perindopril, aspirin + lisinopril, and amiodarone + indapamide in the T-List (Figure 4).  
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Figure 3. Pairwise combinations of prescribed drugs associated with serious/dangerous drug-drug 

interactions (DDIs) in the cohort of cardiovascular patients. Digits in parentheses indicate the absolute 

number of DDI occurrences for each pair of medications. 

Top three most common drug combinations associated with DDIs requiring close monitoring 

were aspirin + bisoprolol, aspirin + losartan, and aspirin + metoprolol in the P-List and aspirin + 

losartan, aspirin + bisoprolol, and bisoprolol + losartan in the T-List.  
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Figure 4. Pairwise combinations of taken drugs associated with serious/dangerous drug-drug 

interactions (DDIs) in the cohort of cardiovascular patients. Digits in parentheses indicate the absolute 

number of DDI occurrences for each pair of medications. 

Nine drugs (digoxin, amiodarone, enalapril, metoprolol, enoxaparin, ceftriaxone, ketorolac, 

heparin, and sotalol) were associated with significantly higher DDI numbers in the T-List compared 

with the P-List (p < 0.05).  

Only captopril and losartan were associated with significantly higher DDI numbers in the P-List 

relative to those in the T-List (p < 0.05), but the abundance of these DDIs contributed to significantly 

higher overall DDI burden among prescribed drugs. 

3.4. DDI index 

Figure 5 shows median numbers of prescribed and taken drugs and the corresponding values 

of DDIs and DDI indexes per record depending on ICD class. Records without specified ICD class 

were marked 'N/A'. The DDI indexes ranged from 0 to 138. Top five DDI indexes were observed in 

the ICD classes R, U, I, Z, and N/A in the P-List and U, N/A, L, I, and S in the T-List (Figure 5). The 

ICD class U was represented by code U07.1 (COVID-19, virus identified) in both the P-List and the 

T-List. The DDI indexes in the N/A category were top two in the P-List and top five in the T-List 

(Figure 5).  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 June 2023                   doi:10.20944/preprints202306.1998.v1

https://doi.org/10.20944/preprints202306.1998.v1


 8 

 

 

Figure 5. Median numbers of prescribed and taken medications and associated median numbers of 

drug-drug interactions (DDIs) and DDI indexes per record depending on primary ICD class. Digits 

are the corresponding numbers of patients in the electronic health records. Digits in red color 

highlight top-three most abundant ICD classes. Red line connects the bars corresponding to the most 

abundant ICD class. Asterisk indicates significantly higher DDI index between the panels (*p < 0.05). 

4. Discussion 

In our study, two primary drug lists (P-List and T-List with 'P' and 'T' standing for prescribed 

and taken medications) were established and analyzed to assess the prescription and intake patterns 

of medications documented in the electronic health records in the cohort of older cardiovascular 

patients. A sublist analysis allowed to assess the patterns of DDIs and polypragmasy at the group-

based and individual levels.  

There are many medical decision support systems available to assess potential DDIs while 

prescribing pharmacotherapy [10–14]. Each of these systems has its advantages and disadvantages, 

and several systems may be used for in-depth assessment of a limited number of DDIs. We selected 

a single medical decision support system for DDI assessment. Medscape Drug Interaction Checker 

[9] was chosen among other medical decision support systems because (i) it allowed to stratify the 

DDIs into four classes; (ii) it was user-friendly to operate; (iii) it provided information on underlying 

mechanisms of DDIs; and (iv) it was verified to be useful in assessing DDIs in cardiovascular and 

comorbid patients before [15–19].  

We analyzed DDIs on a pairwise basis because there are currently no commonly recognized 

resources allowing to assess higher-order DDIs though such techniques emerge and seem promising 

[20]. Pairwise DDI identification allowed to provide the straightforward and comprehensible 

illustrations contributing to better understanding of DDI patterns. In our study, median DDI number 

per record often exceeded the corresponding number of drug combinations because 

pharmacokinetics and pharmacodynamics of one pairwise drug combination often involves more 

than one biotransformation pathway.  

We developed easy-to-calculate DDI index to, at least partially, take into consideration the 

differential impact of DDI classes ranging from contraindicated to minor. More sophisticated scales 

may be developed by integrating quantitative systems pharmacology analysis with physiologically-

based pharmacokinetic models. Multiscale modeling may predict potential pharmacodynamic DDIs, 

and, via clinical trial simulations, create testable hypotheses as to their potential clinical significance 

[21]. It is essential to develop clinical decision support systems for data-driven prediction of ADRs 

triggered by DDIs [22,23]. However, it seems challenging to adequately measure the overlapping 
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impact of DDIs, which is multifactorial and depends on genetic factors, ADR manifestation, and 

economic burden.  

The frequency of occurrence of serious DDIs in our study was significantly higher in case of 

prescribed medications compared with that among taken drugs. The highest median DDI index in 

our study was observed in patients with COVID-19. Notably, in the study by [31], clinically 

significant DDIs associated with comorbidities and polypharmacy among patients with COVID-19 

were recorded more often upon admission and to a lesser degree during hospitalization suggesting 

that efforts of a medical team can successfully reduce risks associated with dangerous DDIs. It is 

essential that serious DDIs can hinder treatment response and complicate hospitalization in COVID-

19 patients [31].  

Female patients in our study were taking significantly more drugs than men, and polypharmacy 

significantly more often occurred in women taking medications compared with men. The prevalence 

of polypharmacy was higher in case of prescribed than taken medications. Significant sex-related 

differences were observed in the polypharmacy rates, median number of drugs per record, and 

median number of DDIs per record in case of taken medications, and women scored over in all these 

parameters. No sex-related differences were found among prescribed medications. Female 

dominance in older age groups did not affect the observed sex-related differences in 

pharmacotherapy.  

Sex-related differences found in our study agree with data of the large-scale analysis showing 

that women have a 60% increased risk of DDI and a 90% increased risk of DDI leading to major ADR 

as compared to men [23]. Female sex and older age also contribute to non-adherence, in particular, 

to statins [24]. We agree that potential effects of sex and gender on inappropriate prescribing and 

deprescribing remain poorly understood [25]. Cognitive, behavioral, pharmacokinetic, and 

pharmacodynamic factors of adaptation underlying significantly higher scores in drug numbers, 

polypharmacy rates, and DDIs in women require further research.  

Our study showed significant differences in the median numbers of serious DDIs per record (i.e. 

per single medical care encounter) between the prescribed and taken medications. The mismatch of 

serious, requiring close monitoring, and minor DDIs was also found between the large cohort-based 

lists of prescribed and taken medications. This observation may indirectly suggest suboptimal 

treatment compliance and/or non-adherence of patients to prescribed therapy. Considering 

significantly higher burden of serious DDIs among prescribed medications, the observed difference 

may be a sign of patient adaptation protecting them from exposure to serious DDIs.  

Among the most commonly prescribed drug combinations associated with serious DDIs, the 

pair of 'aspirin + captopril' may be considered insignificant due to the use of low-dose aspirin in the 

majority of cases. Besides, captopril was often prescribed to be taken episodically when blood 

pressure remained high despite intake of other antihypertensives. It remains unclear whether the risk 

of taking this combination may be completely dismissed considering significant burden of 

polypharmacy and higher-order DDIs, which could potentially interfere with the pharmacokinetics 

of medications. Combination of 'aspirin + lisinopril', associated with serious DDIs, was among the 

most common in both the T- and the P-Lists. Other common drug combinations associated with 

serious DDIs differed between the R- and the T-Lists.  

The Working Group on Cardiovascular Pharmacotherapy of the European Society of Cardiology 

encourages implementing a multidisciplinary team approach and considering age-related changes in 

the pharmacokinetics and pharmacodynamics of cardiovascular drugs to address the issues of 

polypharmacy [26]. The Working Group considers adherence to pharmacotherapy a key question. It 

is vital to thoroughly understand most common ADRs, practices of deprescribing [26,27], problems 

of omissions, and potentially inappropriate medications, which may require going beyond the 

guidelines and implementing binary or multicore team-based approach to care for vulnerable 

patients [28].  

Genetic variations markedly increase or ameliorate the severity of potential DDIs and need to 

be considered when prescribing patients with polypharmacy. Currently, most guidelines on DDIs 

neither consider the potential effect of genetic polymorphisms in the strength of the interaction nor 
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do they account for the complex interaction caused by the combination of DDI and DGI (drug-gene 

interactions) when there are multiple biotransformation pathways, referred to as DGGI (drug-gene-

gene interactions) [29]. The increasing availability of real-world drug outcome data linked to genetic 

technologies and resources is likely to enable the discovery of previously unrecognized, clinically 

important drug–drug–gene interactions to develop clinically useful models to reduce adverse DDIs 

and improve drug outcomes in the setting of increasing multimorbidity and polypharmacy [29,30].  

We propose the following solutions to the problem of high DDI burden: (i) building better 

structure of EHRs; (ii) patient engagement into medication diaries and ADR documentation using 

specially built portals linked to EHRs [32], (iii) identifying patients with clinically-significant 

polymorphisms of genes involved in drug metabolism [29,30], (iv) developing electronic decision-

making support system for control over DDIs, and (v) interdisciplinary approach to team building 

[28]. Data such as obtained in our study urge medical expert community to develop consensus 

guidelines for the pharmacotherapy of geriatric patients with multimorbidity.  

5. Conclusions 

High prevalence of serious DDIs and polypharmacy require implementation of deprescribing 

protocols in older cardiovascular patients. Control over DDIs and polypharmacy may contribute to 

better compliance and adherence by reducing potential ADRs. Further research is warranted to 

improve structure of EHRs, patient engagement in reporting ADRs using EHR-linked platform, 

patient clustering, genotyping, electronic decision support system development, and implementing 

interdisciplinary approach to medical team work to ensure safe and effective personalized care. 
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