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Abstract

:

Background and Objectives: Polypharmacy is associated with drug–drug or food–drug interactions that may pose treatment difficulties. The objective of the study was to investigate the use of polypharmacy in hypertensive patients hospitalized in the Internal Medicine Clinic of a European referral hospital. Materials and Methods: We conducted a retrospective chart review study on patients identified by a database search of discharge diagnoses to assess the use of polypharmacy and identify potential drug-drug and food-drug interactions. Results: In total, 166 hypertensive patients (68.46 ± 12.70 years, range 42–94 years) were compared to 83 normotensive subjects (67.82 ± 14.47 years, range 22–94 years) who were hospitalized in the clinic during the same period. Polypharmacy was more common in hypertensive versus normotensive subjects (p = 0.007). There were no differences in terms of age, as well as major (0.44 ± 0.77 versus 0.37 ± 0.73 interactions/patient, p = 0.52) and minor (1.25 ± 1.50 versus 1.08 ± 1.84 interactions/patient, p = 0.46) drug–drug interactions between patients with and without hypertension. The mean number of drug–drug interactions (6.55 ± 5.82 versus 4.93 ± 5.59 interactions/patient, p = 0.03), moderate drug–drug interactions (4.94 ± 4.75 versus 3.54 ± 4.17, p = 0.02) and food–drug interactions (2.64 ± 1.29 versus 2.02 ± 1.73, p = 0.00) was higher in patients with hypertension versus their counterparts. Conclusions: The present study reinforces that polypharmacy is a serious concern in hypertensive patients, as reflected by the high number of potentially harmful drug–drug or food–drug interactions. We recorded higher numbers of comorbidities, prescribed drugs, and moderate drug–drug/food–drug interactions in hypertensive versus normotensive patients. A strategy to evaluate the number of discharge medications and reduce drug–drug interactions is essential for the safety of hypertensive patients.
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1. Introduction


High blood pressure (BP), or arterial hypertension, i.e., systolic BP (sBP) ≥ 140 mmHg and/or diastolic BP (dBP) ≥ 90 mmHg, is the main modifiable cardiovascular risk factor for ischemic heart disease and stroke, end-stage kidney disease, premature death and disability, and, overall, for mortality of any cause [1,2,3,4,5,6,7,8]. Currently, high BP is considered a real global epidemic, with the latest estimates showing that around 1.13 billion people suffer from this disease globally, with its overall prevalence being around 30–45% [3,5,8]. In Romania, the prevalence of hypertension according to the largest epidemiological study conducted in our country, i.e., the Study for Evaluation of Prevalence of Hypertension and Cardiovascular Risk in an Adult Population in Romania (SEPHAR), is estimated at 40.1% [9].



The prevalence of hypertension increases with population aging, affecting more than half of all people aged 60–69 and more than three-fourths of all people over 70 years old [3,6,8]. Moreover, approximately 90% of people aged 55–65 years who do not have hypertension will develop hypertension by the age of 80–85 years [3]. In terms of sex, the prevalence of hypertension is generally higher in men (24%) than in women (20%). Even if men have higher BP values starting at a younger age, after the age of 60, women have higher BP values compared to men [1,3,5,6,7].



Ultimately, a worrying aspect regarding hypertension is the population’s awareness of this subject. Although, according to the latest estimates, approximately 59% of patients receive correct antihypertensive treatment (compared to 31% in previous years), only 34% have controlled BP (lower than 140/90 mmHg), and over 30% of patients are not aware that they have high BP [3]. Despite ongoing efforts to find new efficient drugs that lower BP, in addition to the classical drugs, such as diuretics, angiotensin-converting-enzyme (ACE) inhibitors, angiotensin-receptor blockers, beta-blockers, and calcium channel blockers, the number of people with high BP will increase by about 15–20% by 2050, reaching about 1.5 billion [3,7].



Polypharmacy is a complex phenomenon that has experienced an important increase in recent decades, determined mainly by the increase in life expectancy of the population and, at the same time, by a higher number of comorbidities that require the administration of a specific therapy [3,4]. Although the term polypharmacy appeared more than a century ago, an exact definition of polypharmacy has not yet been established. Numerous data in the literature put the threshold of five drugs per day as the limit beyond which the term polypharmacy can be used [10,11,12,13].



Multiple comorbidities, self-medication, multiple presentations in different settings for disorders requiring medication from different classes, and increased survival of diseases with high mortality in the past are all factors that have led to the prescription of a large number of drugs in people over 65 years old [14,15]. Although many experts point to the danger of polypharmacy, it is a growing phenomenon, estimating that in the next two decades, in the United States, there will be a doubling of both the number of elderly people and the number of drugs administered [16].



The effects of polypharmacy are numerous and should concern physicians and policy makers both in terms of finances (due to significant health costs) and medical consequences (due to multiple drug interactions) [17]. There is an increase in the number of drug interactions in elderly patients who receive medication prescribed by different doctors and who are diagnosed with conditions that may affect the pharmacokinetics of prescribed drugs (due to liver or kidney disease) [6]. At the same time, the interactions mentioned above can represent an additional risk factor for polypharmacy and can be interpreted as new pathologies that require additional medication, thus forming a vicious circle from which the patient suffers the most [9]. Moreover, the literature notes the correlations between polypharmacy and the risk of cognitive and functional impairment, which is considered a poor prognostic factor, due to the impact of drug interactions, prolonged hospitalizations, and the risk of decreased compliance to treatment [14,16,18].



In many instances, polypharmacy cannot be avoided, as many patients suffering from multiple chronic conditions will require drugs from different classes. This phenomenon has led to the birth of a new concept, namely that of “adequate polypharmacy” that defines a sufficient number of drugs to treat the existing pathologies and comorbidities of a patient [18]. Certain classes of drugs are associated with an increased risk of developing drug interactions, i.e., anticoagulants, antibiotics, psychiatric and antidiabetic medication, and last but not least, antihypertensive agents [10].



Thus, taking into account the fact that a large part of the Romanian population suffers from hypertension (>40% according with SEPHAR II cohort study) and that lifestyle changes do not accurately control BP values due to non-adherence, the treatment of hypertension using complex therapeutic schemes becomes a “necessary evil” [9]. Thus, the objective of this retrospective study was to evaluate the use of polypharmacy in patients diagnosed with primary hypertension who underwent treatment with various classes of antihypertensive agents, as well as to report the potential drug–drug and food–drug interactions in hypertensive subjects exposed to polypharmacy. To our knowledge, this is the first study of this type conducted on hypertensive patients from Romania. In addition, we aim to highlight the risk of polypharmacy in hypertensive patients with multiple comorbidities.




2. Materials and Methods


2.1. Setting and Participants


We conducted a retrospective chart review study on a sample of 249 patients, of whom 166 were diagnosed with primary hypertension and 83 were normotensive. The patients were hospitalized between January and February 2018 in the Internal Medicine Clinic of the Clinical Emergency Hospital of Bucharest, Romania, which is a referral emergency university hospital in Bucharest, the capital of Romania. The study sample was not calculated a priori by probabilistic methods, as we decided to include in our study all the patients who attended the clinic in January–February 2018 and had been diagnosed with primary hypertension (n = 166), whereas the subjects who did not suffer from hypertension were included in a comparison group (n = 83). As during these two months, the clinic registered a number of 275 hospitalizations, we excluded from the study a total of 26 subjects for the following reasons: The patients died during hospitalization, the patients were transferred to other clinics, the discharge treatment recommendations could not be retrieved in order to evaluate the use of polypharmacy/drug–drug/food–drug interactions, and the patients suffered from conditions such as dementia or psychiatric illnesses that made them unable to accurately give their consent.



The study was approved by the Ethics Committee of the Clinical Emergency Hospital of Bucharest, Romania (registration number 4263, approved on 8 May 2019), and was conducted based on the recommendations of the Declaration of Helsinki of 1975, as revised in 2008(5), and the national law.




2.2. Data Sources


The patients were identified by a database search of the electronic medical records of the Internal Medicine Clinic of the Clinical Emergency Hospital of Bucharest, Romania. The electronic discharge summaries, containing data on demographics, medical history, discharge diagnoses, and treatment recommendations, of the eligible patients were retrieved and an electronic database was computed using the variables of interest.




2.3. Variables of Interest


Patients diagnosed with primary hypertension were identified using the I10 International Classification of Diseases (ICD) code. The following variables were retrieved from the electronic discharge summaries: Age, sex, discharge diagnoses, diagnosis of primary hypertension (yes/no), hypertension grade, number of comorbidities, main comorbidities (other than hypertension), and number and names of drugs prescribed at discharge. The diagnosis of hypertension was based on the guidelines available in January–February 2018, i.e., the 2013 European Society of Hypertension (ESH)/European Society of Cardiology (ESC) guidelines for the management of arterial hypertension [19]. The assessment of the cardiovascular risk was based on the Systematic Coronary Risk Evaluation (SCORE) system [19].



Polypharmacy was defined as the prescription of five or more drugs per day in a single patient. To check for potential drug–drug and food–drug interactions, we employed a reliable and widely used online instrument, namely the Drug Interactions Checker [20]. For each patient, we entered the name of each drug prescribed one-by-one and then used the Check for Interactions function of the online instrument to generate an electronic Drug Interaction Report. The Drug Interactions Checker classifies drug–drug interactions into major (“the interaction possesses a significant clinical value and should be avoided since there are more risks versus benefits”), moderate (“the interaction possesses a moderate clinical significance and should usually be avoided or used only if necessary”), or minor (“the interaction possesses a minimal clinical significance, but in order to minimize any risks for the patient, an alternative drug should be considered, or the patient should be carefully monitored”). The online instrument also displays potential food–drug interactions, e.g., warfarin and grapefruit juice. The Drug Interactions Checker takes into consideration all types of interactions even if the patient received a polypill. For example, if the patient is prescribed metoprolol, furosemide, and spironolactone as three separate pills, it will signal that there are two moderate drug–drug interactions: furosemide–metoprolol and spironolactone–metoprolol. If the patient is prescribed metoprolol and a single pill with a fixed-dose combination of furosemide and spironolactone, the program displays the same two aforementioned drug–drug interactions: furosemide–metoprolol and spironolactone–metoprolol.




2.4. Statistics


Descriptive statistics (numbers and percentages) were used to analyze the data based on hypertension status, polypharmacy status, and to evaluate the prevalence of hypertension and polypharmacy, as well as the demographics. Analysis of variance (ANOVA), unpaired t-tests, chi-squared, and Mann–Whitney U tests, where appropriate, were employed to check the presence of associations. The statistical analysis of the data was performed at a 5% level of significance using Microsoft Excel (Microsoft Office Professional Plus 2013), MedCalc statistical software (MedCalc Software Ltd 2019, Ostend, Belgium) and QuickCalcs (GraphPad Software 2019, San Diego, CA, USA).





3. Results


The study group included 166 hypertensive (68.46 ± 12.70 years, range 42–94 years; 79 women (47.60%) and 87 men (52.40%)) and 83 normotensive patients (67.82 ± 14.47 years, range 22–94 years; 39 women (46.99%) and 44 men (53.01%)). Most hypertensive patients suffered from grade 3 (n = 72; 43.38%) hypertension, followed by grade 2 (n = 66; 39.76%) and grade 1 (n = 11; 6.62%) hypertension, as depicted in Table 1. In 10.24% of cases (n = 17), the hypertension grade was not mentioned in the discharge summary. In terms of total cardiovascular risk, most hypertensive subjects were assigned to the very-high-risk category (n = 63; 37.96%), as displayed in Table 2. A total of 50 subjects (30.12%) had moderate cardiovascular risk, 43 subjects had high risk (25.90%), and in 10 (6.02%) cases, the cardiovascular risk could not be calculated.



The most common comorbidities of the hypertensive patients were dyslipidemia (n = 70; 42.16%), chronic heart failure (HF) (n = 63; 39.37%), type 2 diabetes mellitus (T2DM) (n = 50; 30.12%), obesity (n = 44; 26.50%), coronary heart disease (CHD) (n = 41; 24.69%), and chronic kidney disease (CKD) (n = 29; 17.46%), as reported in Figure 1.



The most common antihypertensive agents employed in monotherapy or in drug combinations (either as single pills with fixed-dose or as multiple pills) in hypertensive subjects were diuretics (n = 126), beta-blockers (n = 94), ACE inhibitors (n = 82), calcium channel blockers (n = 67), and angiotensin receptor blockers (n = 46), as depicted in Table 3.



The majority of subjects received combinations of antihypertensive drugs (n = 132; 79.52%), whereas monotherapy was administered in only 20.48% (n = 34) of the patients diagnosed with hypertension. A total of 51 patients (30.72%) received combinations of at least two drugs but administered as separate pills: 38 patients received a combination of two (most commonly beta-blocker + ACE inhibitor, n = 17, or beta-blocker + angiotensin receptor blocker, n = 8), three (most commonly beta-blocker + angiotensin receptor blocker + diuretic, n = 4), or four (beta-blocker + angiotensin receptor blocker + calcium channel blocker + diuretic, n = 2) antihypertensive agents. A total of 81 (48.80%) patients received a combination of multiple antihypertensive agents but at least two of these drugs were prescribed as single pills with fixed-dose combinations. The most used single pills with fixed-dose combinations given were: Combinations of two diuretics (furosemide + spironolactone; n = 34), angiotensin receptor blocker + calcium channel blocker combinations (olmesartan + amlodipine, n = 15; candesartan + amlodipine, n = 6), ACE inhibitor + calcium channel blocker combinations (perindopril + amlodipine, n = 7), ACE inhibitor + diuretic combinations (perindopril + indapamide, n = 7), or ACE inhibitor + calcium channel blocker + diuretic combinations (perindopril + amlopidine + indapamide, n = 7). Of note, several patients received two single pills with fixed-dose combinations, e.g., furosemide + spironolactone and olmesartan + amlodipine.



The main drug classes administered to hypertensive patients were statins (n = 89; 53.6%), antiplatelet agents (n = 69; 41.5%), proton pump inhibitors (n = 66; 39.7%), anticoagulants (n = 51; 30.7%), oral antidiabetics (n = 30; 18.0%), vitamins and minerals (n = 24; 14.4%), antianginal agents (n = 28; 16.8%), antibiotics (n = 21; 12.6%), and insulin (n = 7; 4.2%) (Table 4). In terms of anti-inflammatory and analgesic drugs, acetaminophen was prescribed in five patients (3.01%) and tramadol in three patients (1.80%). Nonsteroidal anti-inflammatory drugs (NSAIDs) were recommended to eight subjects (4.82%), the most common prescribed NSAIDs being naproxen (1.80%).



The employment of polypharmacy was more common in hypertensive (n = 135; 81.33%) versus normotensive subjects (n = 54; 65.06%) (p = 0.007). There were no differences in terms of age (68.46 ± 12.70 versus 67.82 ± 14.56 years, p = 0.72), as well as major (0.44 ± 0.77 versus 0.37 ± 0.73 interactions/patient, p = 0.52) and minor (1.25 ± 1.50 versus 1.08 ± 1.84 interactions/patient, p = 0.46) drug–drug interactions between patients with and without hypertension. Patients with hypertension had more comorbidities (9.13 ± 3.52 versus 7.90 ± 3.82 comorbidities/patient, p = 0.01) and were prescribed more drugs (6.72 ± 2.58 versus 5.74 ± 3.18 drugs/day, p = 0.01) in comparison with normotensive controls. The mean number of drug–drug interactions (6.55 ± 5.82 versus 4.93 ± 5.59 interactions/patient, p = 0.03) and moderate drug–drug interactions (4.94 ± 4.75 versus 3.54 ± 4.17, p = 0.02), as well as food–drug interactions (2.64 ± 1.29 versus 2.02 ± 1.73, p = 0.00), was higher in patients diagnosed with hypertension versus their normotensive counterparts. Data regarding polypharmacy, drug–drug, and food–drug interactions are depicted in Table 5.



Antihypertensive agents were discovered to potentially lead to major drug–drug interactions (spironolactone–ramipril, spironolactone–candesartan, spironolactone–perindopril), moderate drug–drug interactions (metoprolol–spironolactone, metoprolol–furosemide, metoprolol–amlodipine), or minor drug–drug interactions (perindopril–amlodipine).



Several of the potential food–drug interactions in hypertensive patients were:




	-

	
Amiodarone/atorvastatin/repaglinide–grapefruit/grapefruit juice (which can lead to an increase in the drug’s plasmatic concentration);




	-

	
Metformin/rosiglitazone/sitagliptin–alcohol (risk of lactic acidosis);




	-

	
Perindopril/valsartan/candesartan/ramipril–foods rich in potassium (risk of hyperkalemia);




	-

	
Acenocoumarol–foods rich in vitamin K (in particular “beef liver, broccoli, Brussels sprouts, cabbage, lettuce, soy beans, spinach, watercress, and other green leafy vegetables”).









The age of the hypertensive patients correlated with their number of comorbidities (r = 0.395; p = 0.000), the mean number of drugs prescribed at discharge (r = 0.223; p = 0.003), and the mean number of drug–drug (r = 0.215; p = 0.005) and food–drug (r = 0.167; p = 0.031) interactions.




4. Discussion


Our study investigated the use of polypharmacy and the risk of drug–drug and food–drug interactions in a sample of patients diagnosed with primary arterial hypertension and managed in a reference hospital from Bucharest, Romania. Overall, the greatest proportion of the evaluated subjects suffered from grade 3 hypertension (~43%), had very high total cardiovascular risk (~38%), and had a high burden of cardiometabolic comorbidities (dyslipidemia, chronic HF, T2DM, obesity, and/or CHD were detected in ~25–42% of the study group). The individuals who suffered from hypertension received a combination of antihypertensive agents in ~80% of cases and were exposed to polypharmacy (≥5 drugs/day) in ~81% of cases. Both drug–drug and food–drug interactions were more frequently encountered in hypertensive versus normotensive patients.



4.1. Comorbidities Frequently Associated with Hypertension


Comorbidity is a common status that increases the complexity of healthcare. The association of two or more diseases is more common among the elderly. Barnett et al. evaluated the prevalence of comorbidities in high-income countries in older adults and reported a percentage higher than 50% for the association of two or three comorbidities and a percentage higher than 20% for more than three comorbidities [17]. According to the literature, the prevalence of comorbidities is higher among people diagnosed with hypertension, including subjects with normal BP [18]. These data are also supported by our study, which reported an average number of 9.13 ± 3.52 comorbidities per patient in the hypertensive patients group compared to 7.90 ± 3.82 comorbidities per patient in the normotensive group. Several comorbidities that are common among hypertensive subjects are obesity, impaired fasting glucose or T2DM, dyslipidemia, cardiovascular disease, CKD, liver disorders, thyroid disorders, anemia, and/or anxiety [15,18,19].



Our study supports the existing data in the literature. Thus, among the most common comorbidities found in hypertensive patients from the group of study were dyslipidemia, chronic HF, T2DM, obesity, CHD, and CKD.



Dyslipidemia has been shown to be more common in patients with high, uncontrolled BP [15,20,21]. In our study, the prevalence of dyslipidemia among patients diagnosed with hypertension was high (~42%). There are data that support a direct proportional relationship between BP values and serum lipid levels [21]. We did not directly follow this relationship, but given that patients with stage 3 (~43%) and stage 2 (~40%) hypertension dominated in our study, we can suppose an indirect relationship between the presence of dyslipidemia and high BP.



The relationship between arterial hypertension and chronic HF is well-known. High BP values progressively lead to left ventricular hypertrophy and chronic heart failure [22]. Compared to the general population, the relative risk of developing chronic HF among patients diagnosed with arterial hypertension has been shown to be 1.4 [23]. In our study, the percentage of hypertensive patients who had associated chronic HF was significant (~39%). Proper treatment of high BP can reduce the risk of developing chronic HF by about 50% [22].



Regarding the relationship between T2DM and arterial hypertension, high BP values are found in two-thirds of patients diagnosed with T2DM [24,25]. Our study validates the close relationship between high BP and T2DM. Thus, approximately one-third of hypertensive patients (~30%) had associated T2DM. The association of these two diseases increases the risk of other cardiovascular diseases [26]. Treatment of arterial hypertension in diabetic patients is more difficult, with resistant hypertension being more common among these patients. Usually, for the control of BP values in patients who have associated T2DM, it is necessary to combine two or more antihypertensive drugs [27].



Obesity, especially visceral fat distribution, is associated with hormonal, inflammatory, and endothelial wall changes, which contribute to high BP and increase cardiovascular mortality [28,29]. In our study, obesity was another common comorbidity among hypertensive patients, with a prevalence of 26.5%.



High BP is also often associated with CHD. In the Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID) study, the incidence of hypertension among patients with CHD was 41% [30]. We evaluated the inverse correlation and the prevalence of CHD among hypertensive patients, and we found that ~25% of hypertensive patients have associated CHD as a comorbidity. As mentioned above, increased BP values will cause left ventricular hypertrophy over time, with a reduction of the coronary reserve and an increase in myocardial oxygen demand. Finally, myocardial ischemia will appear. Hypertension induces endothelial dysfunction and contributes to the destabilization of atherosclerotic plaques [31].



The prevalence of hypertension among patients with CKD is high and increases with a decreasing glomerular filtration rate [32]. In our study, the prevalence of CKD among hypertensive patients was quite low compared to other comorbidities. Thus, less than one-third (~17%) of hypertensive patients have associated CKD. One of the mechanisms that lead to increased cardiovascular risk among patients with CKD is the appearance of arterial calcifications [33]. These patients need adjustment of the drug treatment according to the glomerular filtration rate, as reduced renal function leads to impairment of drug pharmacokinetics [32].



The association of comorbidities with hypertension has been shown to have a negative impact on patients’ quality of life, treatment efficacy, and also on healthcare costs [34]. For example, patients who have associated hypertension and anxiety disorders are less treatment-adherent, have a reduced quality of life, and their management imposes higher costs [34,35].




4.2. Polypharmacy in Patients with Hypertension


One of the problems of modern medicine is the therapeutic management of the phenomenon of multi-morbidity and the avoidance of polypharmacy. The prevalence of polypharmacy varies between 10% and 90% depending on several factors such as age, comorbidities, geographical area, or the actual definition used for polypharmacy [36]. In our study, ~81% of the patients with hypertension were at risk of developing harmful drug interactions, compared with ~65% of the patients with normal BP values. These results validate the data from the literature according to which arterial hypertension is associated with a high risk of polypharmacy.



The elderly, in particular, are not only likely to develop chronic conditions, but also to have multiple associated ailments, with a direct impact on their quality of life [37]. Multi-morbidity is a common phenomenon in the elderly, with important consequences on therapeutic management, explained by, on one hand, the impact that each disease can have on the evolution of another associated disease and, on the other hand, by the risk of polypharmacy [38]. There is currently no universally accepted definition for polypharmacy. In general, polypharmacy is considered when an individual uses ≥5 drugs and excessive polypharmacy is considered when the patient uses ≥10 drugs [10,18].



High BP is a condition that is often associated with multiple comorbidities and the risk of polypharmacy. A study that recruited 310 patients >65 years old reported that about 50% of patients who needed hospitalization received five or more medications [39]. In these patients, the phenomenon of polypharmacy was especially found in cardiovascular diseases (arterial hypertension, CHD, heart failure, and atrial fibrillation) [39]. In patients with hypertension, it is common to use several classes of drugs (diuretics, adrenergic inhibitors, beta-blockers, vasodilators) to control BP in order to reduce the risk of cardiovascular death. By comparing the results of our study with data from the literature, the classes of drugs used in hypertensive patients are similar: Diuretics, beta-blockers, ACE inhibitors, calcium channel blockers, and angiotensin receptor blockers. High BP is often associated with other conditions, which require other classes of drugs. All these factors significantly increase the risk of polypharmacy [40]. Medeiros dos Santos et al. demonstrated a common association between antihypertensive and lipid-lowering or antidiabetic drugs [41]. In their study, all polypharmacy cases involved at least one of these combinations [41]. In our study, in addition to lipid-lowering and antidiabetic drugs, antihypertensive medication was frequently associated with antiplatelet agents, proton pump inhibitors, anticoagulants, vitamins and minerals, antianginal agents, and antibiotics.



Some of the most important trials that have examined the therapeutic management and evolution of patients with hypertension are the Hypertension in the Very Elderly Trial (HYVET), Predictive Values of Blood Pressure and Arterial Stiffness in Institutionalized Very Aged Population (PARTAGE), and Systolic Hypertension in the Elderly Program (SHEP). HYVET included 3845 patients from Europe, Australia, China, and Tunisia, aged ≥ 80 years, with systolic BP > 160 mmHg [42]. This study concluded that the use of a thiazide diuretic associated or not with an ACE inhibitor resulted in a 30% reduction in stroke risk, 39% in fatal stroke, 21% in all-cause mortality, and 64% in heart failure [43]. The therapeutic target in this case was BP < 150/80 mmHg [43]. The PARTAGE trial included 1130 people aged ≥80 years from nursing homes in France and Italy [44]. This study showed an inversely proportional relationship between systolic BP < 130 mmHg, the use of more than two antihypertensive drugs, and the risk of death from all causes [44]. This raises the question of whether lowering BP or using several classes of antihypertensive drugs, or both, are factors that contribute to increased mortality in these patients [44]. The SHEP trial enrolled 4736 subjects aged ≥ 60 years and evaluated the effectiveness of antihypertensive treatment in reducing the risk of non-fatal or fatal stroke in patients with isolated systolic hypertension [45]. This study shows that lowering systolic BP to an average of 143 mmHg leads to a 36% decrease in the risk of non-fatal or fatal stroke, the risk of non-fatal or fatal myocardial infarction by 27%, and the risk of death of all causes by 13% [45]. All of these clinical trials used combinations of antihypertensive drugs to evaluate their effectiveness on morbidity and mortality. Unlike the HYVET and SHEP trials, which showed clear benefits of antihypertensive treatments, the PARTAGE trial discusses the negative impact of polypharmacy on the mortality of patients with high BP. Our study did not track the relationship between target BP values and patients’ morbidity and mortality. However, all hypertensive patients have been treated with a combination of several drug classes and the therapeutic outcomes may be influenced by drug interactions. Thus, ~31% of patients received combinations of at least two drugs, administered as separate pills, and ~49% of patients received a combination of multiple antihypertensive agents, with at least two of these drugs prescribed as single pills with fixed-dose combinations.



Polypharmacy has a negative impact, both clinically and economically. Thus, summarizing the data from the literature, polypharmacy leads to the following notable effects: Increased risk of using inappropriate medications, underuse of appropriate medications, harmful drug interactions, functional or cognitive decline, lower physical performance, more frequent side effects, increasing hospitalization rates because of adverse drug reactions, increasing short-term hospitalization rates, non-adherence to treatment, increased risk of frailty, and higher mortality [36,46].



Non-adherence to treatment may be due, on one hand, to the phenomenon of polypharmacy, and on the other hand, to old age. Thus, with the advancement in age, the risk of cognitive decline and its underlying consequences increases [47]. Among the risk factors for polypharmacy, age and the number of associated comorbidities play key roles. Our study demonstrates a directly proportional relationship between the age of the patients, number of comorbidities, number of drugs prescribed, and frequency of drug interactions.




4.3. Antihypertensive Drugs Interactions (Drug–Drug and Food–Drug Interactions)


1. Drug–drug interactions. Drug–drug interactions have emerged as a serious concern in polymedicated patients. Several therapeutic substances, as well as foods, can alter the bioavailability of drugs. Drug–drug interactions exert qualitative or quantitative changes in the effect of a certain drug by concomitant or successive administration of another substance [48]. This interaction might lead to alteration of the therapeutic effect or safety profile of one or both of the drugs. Either a change in the pharmacokinetics or pharmacodynamics might be responsible for this drug–drug interaction [48]. Given that the most common ailments associated with high BP are obesity, dyslipidemia, T2DM, impaired glucose tolerance, CHD, and CKD, the most common interactions occur between the antihypertensive medication and the medication associated with these pathologies. Our study supports these data, related to both the comorbidities associated with hypertension and the classes of drugs frequently combined in the treatment of hypertensive patients.



A review by Becker et al. reported that drug–drug interactions are responsible for a relatively small number of on-call presentations (0.054%), but among the elderly, this percentage is higher (4.8%) [49]. Another study showed that out of 350 drug prescriptions for ambulatory patients, 83.42% would have had possible drug–drug interactions, which is close to the percentage identified in our study, of 81.33% [50]. Kothari et al. also analyzed drug–drug interactions in polymedicated patients, discovering that 71.50% of the prescriptions had possible interactions [51]. Of these, the most common interactions were between atenolol and amlodipine, followed by metoprolol and amlodipine. Our study also found the combination between metoprolol and amlodipine as a potential cause of moderate drug–drug interaction. In addition, other major drug–drug interactions found in our study were spironolactone–ramipril, spironolactone–candesartan, and spironolactone–perindopril, moderate drug–drug interactions were metoprolol–spironolactone and metoprolol–furosemide, and minor drug–drug interactions were perindopril–amlodipine.



In our study, the prescribed number of drugs was 6.55 ± 5.82 per patient, a number approximately equal to that in the study of Subramanian et al. [47]. In this study, the most common drugs involved in drug–drug interactions were antihypertensive drugs, calcium supplements, nonsteroidal anti-inflammatory drugs (NSAIDs), antibiotics, and oral antidiabetics, whereas in our study, the most common associations were between antihypertensive drugs and statins, antiplatelet agents, proton pump inhibitors, and anticoagulants.



Studies show that the most common combinations of antihypertensive drugs responsible for adverse effects due to their interactions are atenolol–amlodipine, furosemide–enalapril, furosemide–telmisartan, and furosemide–atenolol [52]. Despite the fact that the Joint National Committee VII recommends the association of angiotensin II receptor antagonists with diuretics, beta-blockers with diuretics, and ACE inhibitors with diuretics, there are data that warn about the risk of hypotension with these associations. The causes of the interactions might be vasodilation and depleted intravascular volume, with these occurring contrary to their opposite effect on potassium levels [53].



Regarding the interactions between spironolactone and ACE inhibitors or angiotensin II receptor antagonists, which were mostly incriminated in our study for causing major interactions, studies have shown that certain conditions, such as a reduced glomerular filtration rate, advanced age, T2DM, or a dose of spironolactone >25 mg daily led to severe hyperkalemia when heart failure is also associated [54].



Other interactions revealed by our study were between spironolactone and metoprolol. Although recent research has shown the synergistic effect that metoprolol and spironolactone have on cardiac remodeling [55] and regional and systemic hemodynamics, caution should be taken in order to avoid hyperkaliemia [56,57].



Another drug that has possible interactions with antihypertensive medication is aspirin, an antiplatelet drug, which was used by 41.5% of the patients enrolled in our study. Pankti S. Patel et al. conducted a study on 350 patients regarding the potential adverse drug–drug interactions, revealing that aspirin was the most frequent drug involved. The most common interactions were seen when aspirin was combined with metoprolol [50].



Other classes of drugs responsible for possible side effects when associated with antihypertensive medications are antidiabetics (glyburide). ACE inhibitors are responsible for temporarily increasing the sensitivity to insulin, leading to a higher risk of hypoglycemia when associated with sulphonylureas [47,58]. In our study, 18.0% of patients were treated with oral antidiabetics and 4.2% were on insulin.



2. Food–drug interactions. Regarding the interactions of drugs with certain foods, side effects can occur by altering their absorption by diets with foods containing large amounts of fats, proteins, or fiber [59]. The cause of these interactions is the change in the bioavailability of the drugs, which correlates with their clinical effect. The most important interactions are caused by the chelation of drugs with certain components from food. Moreover, the body’s physiological response to food intake, and more precisely gastric acid secretion, can increase or decrease the bioavailability of certain drugs [60,61]. The most common causes of changes in the bioavailability of a drug are foods that are able to absorb certain medications that can act as chelators, alter the gastric pH, modify the intestinal motility, or are able to affect the transport of certain proteins [62].



Food intake also lowers the bioavailability of perindopril, an ACE inhibitor, by 35%. This is associated with the decrease in ACE inhibition that is clinically significant [61].



Grapefruits, Sicilian oranges, star fruits, and pomelos are the most frequently blamed for changing the bioavailability of drugs. Of these, grapefruit has the highest ability to interact with almost all types of drugs [63].



Studies have shown that propranolol, celiprolol, and felodipine’s bioavailability could be influenced by certain foods. Serum propranolol levels are elevated under conditions of a high protein diet [63]. Another beta-blocker’s absorption, celiprolol, is inhibited by the consumption of orange juice [64]. Grapefruit juice has also the ability to increase the bioavailability of felodipine [62,63].



Our study validates the possible interactions between grapefruit/ grapefruit juice and drugs such as amiodarone, atorvastatin, and repaglinide. The result of these interactions may be represented by an increase in the plasma concentrations of the drug. Other possible food–drug interactions highlighted by our study are metformin/rosiglitazone/sitagliptin–alcohol (risk of lactic acidosis); perindopril/valsartan/candesartan/ramipril–foods rich in potassium (risk of hyperkalemia); and acenocoumarol–foods rich in vitamin K (in particular “beef liver, broccoli, Brussels sprouts, cabbage, lettuce, soy beans, spinach, watercress, and other green leafy vegetables”).



A low-sodium diet is recommended for hypertensive patients. Licorice extract, a common component of dietary supplements, increases the levels of cortisol that reach the mineralocorticoid receptors, therefore leading to increased sodium retention and decreased serum potassium [65]. Thus, dietary supplements should be avoided while using diuretics, antihypertensive drugs that were also used in our study in 126 patients. Irrespective of their health ailments, patients should only consume dietary supplements (including vitamins and minerals) when prescribed by their attending physicians and should not self-medicate. In addition, clinical specialists should only prescribe supplements for proven vitamin/mineral deficiencies and on the basis of evidence-based medicine [66].



Our study has several strengths and limitations. To our knowledge, this is the first study to examine the presence of drug–drug and food–drug interactions in patients diagnosed with hypertension from Romania. Considering the high prevalence of this condition in our country, our results can be used to inform future research regarding the prescription of antihypertensive medication in individuals with hypertension and multimorbidity. In terms of limitations, we must acknowledge that the study sample employed was small and thus our data may not reflect the risk of polypharmacy at a national level. Moreover, the assessment had a retrospective design and thus we were not able to check the adherence of the subjects to their prescribed medication. However, our research clearly points out that strategies to reduce the use of polypharmacy in hypertensive patients are warranted and that the management of hypertension is complex and would also require the insight of clinical pharmacists/pharmacologists, as well as dieticians and other health professionals [67,68,69]. In addition, as telemedicine has emerged as an important tool in the management of chronic disorders, in the near future, digital medication information and automated drug interaction analysis systems might become more popular among hypertension specialists and their patients [67,69]. All in all, further research, preferably with a prospective design and recruiting a larger patient sample, is needed to investigate the issues associated with the use of polypharmacy in subjects living with hypertension and to propose solutions to these clinical problems.





5. Conclusions


The present study reinforces polypharmacy as a serious concern in hypertensive patients, as reflected by the high number of potentially harmful drug–drug or food–drug interactions. We recorded higher numbers of comorbidities, prescribed drugs, and moderate drug–drug/food–drug in hypertensive patients vs. controls. A strategy to evaluate the number of discharge medications and reduce drug–drug interactions is essential for the safety of hypertensive patients.







Author Contributions


Conceptualization, C.C.D. and M.-A.G.; data curation, C.C.D. and M.-A.G.; formal analysis, M.-A.C., E.-C.D. and M.-A.G.; funding acquisition, C.C.D. and C.M.D.; investigation, M.-A.G.; methodology, C.C.D. and M.-A.G.; project administration, C.C.D.; resources, C.C.D.; software, E.-C.D.; supervision, C.C.D.; visualization, C.C.D. and M.-A.C.; writing—original draft, M.-A.G., M.-A.C., E.-C.D., G.G., and A.J.; writing—review and editing, C.C.D., M.-A.G., V.A.I., A.C.N., and C.M.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was approved by the Ethics Committee of the Clinical Emergency Hospital of Bucharest, Romania (approved on 8 May 2019, outward correspondence register number 4263) and was conducted based on the recommendations of the Declaration of Helsinki of 1975, as revised in 2008(5), and the national law.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


We thank all the patients who agreed to partake in research studies, as well as the medical staff involved in the management of these patients. Partial results of this study were presented in the form of a poster at the 29th European Meeting on Hypertension and Cardiovascular Protection (Milan, Italy—21–24 June 2019).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mills, K.T.; Stefanescu, A.; He, J. The Global Epidemiology of Hypertension. Nat. Rev. Nephrol. 2020, 16, 223–237. [Google Scholar] [CrossRef]

	



Mills, K.T.; Bundy, J.D.; Kelly, T.N.; Reed, J.E.; Kearney, P.M.; Reynolds, K.; Chen, J.; He, J. Global Disparities of Hypertension Prevalence and Control: A Systematic Analysis of Population-Based Studies from 90 Countries. Circulation 2016, 134, 441–450. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, J. Epidemiology of Hypertension. Clin. Queries Nephrol. 2013, 2, 56–61. [Google Scholar] [CrossRef]

	



Reuter, H.; Jordan, J. Status of Hypertension in Europe. Curr. Opin. Cardiol. 2019, 34, 342–349. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization Hypertension Fact Sheets. Available online: https://www.who.int/news-room/fact-sheets/detail/hypertension (accessed on 23 May 2021).

	



Munger, M.A. Polypharmacy and Combination Therapy in the Management of Hypertension in Elderly Patients with Co-Morbid Diabetes Mellitus. Drugs Aging 2010, 27, 871–883. [Google Scholar] [CrossRef] [PubMed]

	



Unger, T.; Borghi, C.; Charchar, F.; Khan, N.A.; Poulter, N.R.; Prabhakaran, D.; Ramirez, A.; Schlaich, M.; Stergiou, G.S.; Tomaszewski, M.; et al. 2020 International Society of Hypertension Global Hypertension Practice Guidelines. Hypertension 2020, 75, 1334–1357. [Google Scholar] [CrossRef] [PubMed]

	



Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.; Dominiczak, A.; et al. 2018 ESC/ESH Guidelines for the Management of Arterial Hypertension: The Task Force for the Management of Arterial Hypertension of the European Society of Cardiology and the European Society of Hypertension. J. Hypertens. 2018, 36, 1953–2041. [Google Scholar] [CrossRef] [PubMed]

	



Dorobantu, M.; Bartos, D.; Apetrei, E.; Arsenescu-Georgescu, C.; Pop, D.; Ghiorghe, S.; Tanasescu, R.; Craiu, E.; Manitiu, I.; Tautu, O. Hypertension in Romania: Where are we and what can we do? Results from SEPHAR II study. Rom. J. Cardiol. 2021, 22, 285–292. [Google Scholar]

	



Maher, R.L.; Hanlon, J.; Hajjar, E.R. Clinical Consequences of Polypharmacy in Elderly. Expert Opin. Drug Saf. 2014, 13, 57–65. [Google Scholar] [CrossRef]

	



Riaz, M.H. Potential drug-drug interactions and strategies for their detection and prevention. Farmacia 2019, 67, 572–579. [Google Scholar] [CrossRef]

	



Midão, L.; Giardini, A.; Menditto, E.; Kardas, P.; Costa, E. Polypharmacy Prevalence among Older Adults Based on the Survey of Health, Ageing and Retirement in Europe. Arch. Gerontol. Geriatr. 2018, 78, 213–220. [Google Scholar] [CrossRef]

	



Mortazavi, S.S.; Shati, M.; Keshtkar, A.; Malakouti, S.K.; Bazargan, M.; Assari, S. Defining Polypharmacy in the Elderly: A Systematic Review Protocol. BMJ Open 2016, 6, e010989. [Google Scholar] [CrossRef] [PubMed]

	



Kirchmayer, U.; Mayer, F.; Basso, M.; De Cristofaro, R.; Mores, N.; Cappai, G.; Agabiti, N.; Fusco, D.; Davoli, M.; Gambassi, G. Polypharmacy in the Elderly: A Population Based Cross-Sectional Study in Lazio, Italy. Eur. Geriatr. Med. 2016, 7, 484–487. [Google Scholar] [CrossRef]

	



Crismaru, I.; Pantea Stoian, A.; Bratu, O.G.; Găman, M.A.; Stanescu, A.M.A.; Bacalbasa, N.; Diaconu, C.C. Low-density lipoprotein cholesterol lowering treatment: The current approach. Lipids Health Dis. 2020, 19, 85. [Google Scholar] [CrossRef] [PubMed]

	



Parulekar, M.S.; Rogers, C.K. Polypharmacy and Mobility. In Geriatric Rehabilitation; Cifu, D.X., Lew, H.L., Oh-Park, M., Eds.; Elsevier: Amsterdam, The Netherlands, 2018; pp. 121–129. [Google Scholar]

	



Lalic, S.; Sluggett, J.K.; Ilomäki, J.; Wimmer, B.C.; Tan, E.C.K.; Robson, L.; Emery, T.; Bell, J.S. Polypharmacy and Medication Regimen Complexity as Risk Factors for Hospitalization among Residents of Long-Term Care Facilities: A Prospective Cohort Study. J. Am. Med. Dir. Assoc. 2016, 17, 1067.e1–1067.e6. [Google Scholar] [CrossRef]

	



Masnoon, N.; Shakib, S.; Kalisch-Ellett, L.; Caughey, G.E. What Is Polypharmacy? A Systematic Review of Definitions. BMC Geriatr. 2017, 17, 230. [Google Scholar] [CrossRef]

	



Mancia, G.; Fagard, R.; Narkiewicz, K.; Redon, J.; Zanchetti, A.; Bohm, M. 2013 ESH/ESC guidelines for the management of arterial hypertension: The Task Force for the Management of Arterial Hypertension of the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). Eur. Heart J. 2013, 34, 2159–2219. [Google Scholar] [PubMed]

	



Drug Interactions Checker. Available online: https://www.drugs.com/drug_interactions.html (accessed on 23 May 2021).

	



Thomas, F.; Bean, K.; Guize, L.; Quentzel, S.; Argyriadis, P.; Benetos, A. Combined effects of systolic blood pressure and serum cholesterol on cardiovascular mortality in young (<55 years) men and women. Eur. Heart J. 2002, 23, 528–535. [Google Scholar]

	



Málek, F. Arterial hypertension and chronic heart failure. Cor Et Vasa 2013, 55, e259–e263. [Google Scholar] [CrossRef]

	



He, J.; Ogden, L.G.; Bazzano, L.A.; Vupputuri, S.; Loria, C.; Whelton, P.K. Risk factors for congetive heart failure in US men and women: NHANES I epidemiologic follow-up study. Arch. Intern. Med. 2001, 161, 996–1002. [Google Scholar] [CrossRef] [PubMed]

	



Sowers, J.J.R. Diabetes mellitus and vascular disease. Hypertension 2013, 61, 943–947. [Google Scholar] [CrossRef] [PubMed]

	



Noh, J.; Kim, H.C.; Shin, A.; Yeom, H.; Jang, S.-Y.; Lee, J.H.; Kim, C.; Suh, I. Prevalence of comorbidity among people with hypertension: The Korea National Health and Nutrition Examination Survey 2007–2013. Korean Circ. J. 2016, 46, 672–680. [Google Scholar] [CrossRef]

	



Pavlou, D.I.; Paschou, S.A.; Anagnostis, P.; Spartalis, M.; Spartalis, E.; Vryonidou, A.; Tentolouris, N.; Siasos, G. Hypertension in patients with type 2 diabetes mellitus: Targets and management. Maturitas 2018, 112, 71–77. [Google Scholar] [CrossRef] [PubMed]

	



Mancia, G.; Schumacher, H.; Redon, J.; Verdecchia, P.; Schmieder, R.; Jennings, G.; Yusoff, K.; Ryden, L.; Liu, G.L.; Teo, K.; et al. Blood pressure targets recommended by guidelines and incidence of cardiovascular and renal events in the Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET). Circulation 2011, 124, 1727–1736. [Google Scholar] [CrossRef] [PubMed]

	



Barnett, K.; Mercer, S.W.; Norbury, M.; Watt, G.; Wyke, S.; Guthrie, B. Epidemiology of multimorbidity and implications for health care, research, and medical education: A cross-sectional study. Lancet 2012, 380, 37–43. [Google Scholar] [CrossRef]

	



Seravalle, G.; Grassi, G. Obesity and hypertension. Pharmacol. Res. 2017, 122, 1–7. [Google Scholar] [CrossRef]

	



The Long-term Intervention with Pravastatin in Ischemic Disease (LIPID) study group. Prevention of cardiovascular events and death with pravastatin inpatients with coronary heart disease and a broad range of initial cholesterol levels. N. Engl. J. Med. 1998, 339, 1349–1357. [Google Scholar] [CrossRef]

	



Escobar, E. Hypertension and coronary heart disease. J. Hum. Hypertens. 2002, 16, S61–S63. [Google Scholar] [CrossRef]

	



Phan, O.; Burnier, M.; Wuerzner, G. Hypertension in chronic kidney disease—Role of arterial calcification and impact on treatment. Eur. Cardiol. 2014, 9, 115–119. [Google Scholar] [CrossRef] [PubMed]

	



Goodman, W.G.; Goldin, J.; Kuizon, B.D.; Yoon, C.; Gales, B.; Sider, D.; Wang, Y.; Chung, J.; Emerick, A.; Greaser, L.; et al. Coronary-artery calcification in young adults with end-stage renal disease who are undergoing dialysis. N. Engl. J. Med. 2000, 342, 1478–1483. [Google Scholar] [CrossRef]

	



Wallace, K.; Zhao, X.; Misra, R.; Sambamoorthi, U. The humanistic and economic burden associated with anxiety and depression among adults with comorbid diabetes and hypertension. J. Diabetes Res. 2018, 2018, 4842520. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, H.M. Anxiety and hypertension: Is there a link? A literature review of the comorbidity relationship between anxiety and hypertension. Curr. Hypertens. Rep. 2019, 21, 66. [Google Scholar] [CrossRef] [PubMed]

	



Khezrian, M.; McNeil, C.J.; Murray, A.D.; Myint, P.K. An overview of prevalence, determinants and health outcomes of polypharmacy. Ther. Adv. Drug Saf. 2020, 11, 2042098620933741. [Google Scholar] [CrossRef] [PubMed]

	



Marengoni, A.; Winblad, B.; Karp, A.; Fratiglioni, L. Prevalence of chronic diseases and multimorbidity among the elderly population in Sweden. Am. J. Public Health 2008, 98, 1198–1200. [Google Scholar]

	



Tragni, E.; Sala, F.; Casula, M. Elders with multiple chronic conditions: Epidemiology and drug use. G Ital. Farm. Farm. 2014, 6, 5–14. [Google Scholar]

	



Vrettos, I.; Voukelatou, P.; Katsoras, A.; Theotoka, D.; Kalliakmanis, A. Diseases linked to polypharmacy in elderly patients. Curr. Gerontol. Geriatr. Res. 2017, 2017, 1–5. [Google Scholar] [CrossRef] [PubMed]

	



Bueno, D.R.; Monteiro, H.L.; Rosa, C.S.C.; Codogno, J.S.; Fernandes, R.A.; Marucci, M.F.N. Associação entre níveis de atividade física e polifarmácia em pacientes hipertensos. Medicina 2016, 49, 240. [Google Scholar] [CrossRef]

	



Santos, A.N.M.D.; Nogueira, D.R.C.; Gutierrez, B.A.O.; Chubaci, R.Y.S.; de Borja Oliveira, C.R. Cardiometabolic diseases and active aging-polypharmacy in control. Rev. Bras. Enferm. 2020, 73, e20180324. [Google Scholar] [CrossRef]

	



Beckett, N.S.; Peters, R.; Fletcher, A.E. Treatment of hy pertension in patients 80 years of age or older. N. Engl. J. Med. 2008, 358, 1887–1898. [Google Scholar] [CrossRef]

	



Benetos, A.; Labat, C.; Rossignol, P.; Fay, R.; Rolland, Y.; Valbusa, F.; Salvi, P.; Zamboni, M.; Manckoundia, P.; Hanon, O.; et al. Treatment with multiple blood pressure medications, achieved blood pressure, and mortality in older nursing home residents: The PARTAGE study. JAMA Intern. Med. 2015, 175, 989–995. [Google Scholar] [CrossRef] [PubMed]

	



Prevention of stroke by antihypertensive drug treatment in older persons with isolated systolic hypertension: Final results of the systolic hypertension in the elderly program (SHEP). JAMA 1991, 265, 3255. [CrossRef]

	



Piccoliori, G.; Mahlknecht, A.; Sandri, M.; Valentini, M.; Vögele, A.; Schmid, S.; Deflorian, F.; Engl, A.; Sönnichsen, A.; Wiedermann, C. Epidemiology and associated factors of polypharmacy in older patients in primary care: A northern Italian cross-sectional study. BMC Geriatr. 2021, 21, 197. [Google Scholar] [CrossRef] [PubMed]

	



Burnier, M.; Polychronopoulou, E.; Wuerzner, G. Hypertension and drug adherence in the elderly. Front. Cardiovasc. Med. 2020, 7, 49. [Google Scholar] [CrossRef] [PubMed]

	



Subramanian, A.; Adhimoolam, M.; Kannan, S. Study of drug–Drug interactions among the hypertensive patients in a tertiary care teaching hospital. Perspect Clin. Res. 2018, 9, 9–14. [Google Scholar] [CrossRef] [PubMed]

	



Osterhoudt, K.C.; Penning, T.M. Chapter 4: Drug Toxicity and Poisoning. In Goodman & Gilman’s: The Pharmacological Basis of Therapeutic; McGraw-Hill Medical: New York, NY, USA, 2011; p. 12e. [Google Scholar]

	



Becker, M.L.; Kallewaard, M.; Caspers, P.W.J.; Visser, L.E.; Leufkens, H.G.M.; Stricker, B.H.C. Hospitalisations and emergency department visits due to drug-drug interactions: A literature review. Pharmacoepidemiol. Drug Saf. 2007, 16, 641–651. [Google Scholar] [CrossRef]

	



Patel, P.S.; Rana, D.A.; Suthar, J.V.; Malhotra, S.D.; Patel, V.J. A study of potential adverse drug-drug interactions among prescribed drugs in medicine outpatient department of a tertiary care teaching hospital. J. Basic Clin. Pharm. 2014, 5, 44–48. [Google Scholar]

	



Kothari, N.; Ganguly, B. Potential drug-drug interactions among medications prescribed to hypertensive patients. J. Clin. Diagn. Res. 2014, 8, HC01–HC04. [Google Scholar] [CrossRef] [PubMed]

	



Chelkeba, L.; Alemseged, F.; Bedada, W. Assessment of potential drug-drug interactions among outpatients receiving cardiovascular medications at Jimma University specialized hospital, South West Ethiopia. Int. J. Basic Clin. Pharmacol. 2013, 2, 144–152. [Google Scholar] [CrossRef]

	



Marquito, A.B.; Fernandes, N.M.D.S.; Colugnati, F.A.B.; de Paula, R.B. Identifying potential drug interactions in chronic kidney disease patients. J. Bras. Nefrol. 2014, 36, 26–34. [Google Scholar] [CrossRef]

	



Wrenger, E.; Müller, R.; Moesenthin, M.; Welte, T.; Frölich, J.C.; Neumann, K.H. Interaction of spironolactone with ACE inhibitors or angiotensin receptor blockers: Analysis of 44 cases. BMJ 2003, 327, 147–149. [Google Scholar] [CrossRef]

	



Goineau, S.; Pape, D.; Guillo, P.; Ramée, M.-P.; Bellissant, E. Combined effects of metoprolol and spironolactone in dilated cardiomyopathic hamsters. J. Cardiovasc. Pharmacol. 2002, 40, 543–553. [Google Scholar] [CrossRef]

	



Patibandla, S.; Heaton, J.; Kyaw, H. Spironolactone. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2021. [Google Scholar]

	



Ilieşiu, A.M.; Cordoș, I.; Pârvu, I.; Verde, I.; Liteanu, A.S.; Hodorogea, A.S.; Rădăvoi, G.D. Antihypertensive drugs and blood pressure variability. Farmacia 2021, 69, 200–207. [Google Scholar] [CrossRef]

	



May, M.; Schindler, C. Clinically and pharmacologically relevant interactions of antidiabetic drugs. Ther. Adv. Endocrinol. Metab. 2016, 7, 69–83. [Google Scholar] [CrossRef] [PubMed]

	



Ayo, J.A.; Agu, H.; Madaki, I. Food and drug interactions: Its side effects. Nutr. Food Sci. 2005, 35, 243–252. [Google Scholar] [CrossRef]

	



Dragoi, C.M.; Morosan, E.; Dumitrescu, I.B.; Nicolae, A.C.; Arsene, A.L.; Draganescu, D.; Lupuliasa, D.; Ionita, A.C.; Stoian, A.P.; Nicolae, C.; et al. Insights into chrononutrition: The innermost interplay amongst nutrition, metabolism and the circadian clock, in the context of epigenetic reprogramming. Farmacia 2019, 67, 4. [Google Scholar] [CrossRef]

	



Nekvindová, J.; Anzenbacher, P. Interactions of food and dietary supplements with drug metabolizing cytochrome P450 enzymes. Ceska Slov Farm. 2007, 56, 165–173. [Google Scholar]

	



Katzung, B.G. Basic and Clinical Pharmacology, 10th ed.; McGraw-Hill Medical: New York, NY, USA, 2006. [Google Scholar]

	



Bushra, R.; Aslam, N.; Khan, A.Y. Food-drug interactions. Oman Med. J. 2011, 26, 77–83. [Google Scholar] [CrossRef]

	



Uesawa, Y.; Mohri, K. Hesperidin in orange juice reduces the absorption of celiprolol in rats. Biopharm. Drug Dispos. 2008, 29, 185–188. [Google Scholar] [CrossRef] [PubMed]

	



Størmer, F.C.; Reistad, R.; Alexander, J. Glycyrrhizic acid in liquorice—Evaluation of health hazard. Food Chem. Toxicol. 1993, 31, 303–312. [Google Scholar] [CrossRef]

	



Găman, M.A.; Dobrică, E.C.; Cozma, M.A.; Antonie, N.I.; Stănescu, A.M.A.; Găman, A.M.; Diaconu, C.C. Crosstalk of Magnesium and Serum Lipids in Dyslipidemia and Associated Disorders: A Systematic Review. Nutrients 2021, 13, 1411. [Google Scholar] [CrossRef]

	



Błeszyńska, E.; Wierucki, Ł.; Zdrojewski, T.; Renke, M. Pharmacological Interactions in the Elderly. Medicina 2020, 56, 320. [Google Scholar] [CrossRef] [PubMed]

	



Yamamoto-Moreno, J.A.; Navarro-Rodríguez, S.A.; Ruiz-Pérez, S.; Godínez-Reyes, J.C.; Mendoza-Rojo, M. Hypertension Awareness, Treatment, and Control in Mexico: An Opportunistic Medical Student-led Blood Pressure Screening Campaign—A Cross-Sectional Study. Int. J. Med. Students 2020, 8, 263–272. [Google Scholar] [CrossRef]

	



Monkman, H.; Kushniruk, A.; Borycki, E.; Sheets, D.; Barnett, J.; Nøhr, C. The Medium Is the Message: How Do Canadian University Students Want Digital Medication Information? Life 2020, 10, 339. [Google Scholar] [CrossRef] [PubMed]








[image: Medicina 57 01288 g001 550] 





Figure 1. The most common comorbidities that coexisted with hypertension in the study group. Legend: COPD, chronic obstructive pulmonary disease. CKD, chronic kidney disease. CHD, coronary heart disease. T2DM, type 2 diabetes mellitus. HF, chronic heart failure. 
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Table 1. Distribution of the study group by hypertension stage.
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	Drug Class
	Percentage (%)
	Number of Patients





	Stage 1
	6.62%
	11



	Stage 2
	39.76%
	66



	Stage 3
	43.38%
	72



	Unspecified
	10.24%
	17



	Total
	100.00%
	166
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Table 2. Distribution of the study group in terms of total cardiovascular risk.
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	Drug Class
	Percentage (%)
	Number of Patients





	Intermediate
	30.12%
	50



	High
	25.90%
	43



	Very high
	37.96%
	63



	Unspecified
	6.02%
	10



	Total
	100.00%
	166
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Table 3. Antihypertensive agents employed in the management of hypertension in our study.
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Drug Class

	
Type of Drug

	
Number of Patients






	
Diuretics (n = 126)

	
Furosemide

	
47




	
Indapamide

	
38




	
Spironolactone

	
36




	
Hydrochlorothiazide

	
5




	
Beta-blockers (n = 94)

	
Metoprolol

	
45




	
Nebivolol

	
21




	
Carvedilol

	
14




	
Bisoprolol

	
14




	
Angiotensin-converting-enzyme

(ACE) inhibitors (n = 82)

	
Perindopril

	
57




	
Ramipril

	
14




	
Enalapril

	
5




	
Captopril

	
2




	
Lisinopril

	
2




	
Trandolapril

	
2




	
Calcium channel blockers (n = 67)

	
Amlodipine

	
50




	
Diltiazem

	
8




	
Lercanidipine

	
5




	
Felodipine

	
2




	
Verapamil

	
1




	
Nifedipine

	
1




	
Angiotensin receptor blockers (n = 46)

	
Candesartan

	
22




	
Olmesartan

	
16




	
Irbersartan

	
4




	
Valsartan

	
3




	
Telmisartan

	
1
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Table 4. Main drug classes prescribed to hypertensive patients.
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	Drug Class
	Number
	Percentage





	Statins
	89
	53.6%



	Antiplatelet agents
	69
	41.5%



	Proton pump inhibitors
	66
	39.7%



	Anticoagulants
	51
	30.7%



	Oral antidiabetics
	30
	18.0%



	Antianginal agents
	28
	16.8%



	Vitamins and minerals
	24
	14.4%



	Antibiotics
	21
	12.6%



	Insulin
	7
	4.2%
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Table 5. Polypharmacy, drug–drug, and food–drug interactions in our study.






Table 5. Polypharmacy, drug–drug, and food–drug interactions in our study.





	Parameter [per Patient]
	Hypertensive
	Normotensive
	p-Value





	Age [years]
	68.46 ± 12.70
	67.82 ± 14.56
	0.72



	Comorbidities
	9.13 ± 3.52
	7.90 ± 3.82
	0.01



	Prescribed drugs
	6.72 ± 2.58
	5.74 ± 3.18
	0.01



	Drug–drug interactions
	6.55 ± 5.82
	4.93± 5.59
	0.03



	Minor drug–drug interactions
	1.25 ± 1.50
	1.08 ±1.84
	0.46



	Moderate drug–drug interactions
	4.94 ± 4.75
	3.54 ± 4.17
	0.02



	Major drug–drug interactions
	0.44 ± 0.77
	0.37 ±0.73
	0.52



	Food–drug interactions
	2.64 ± 1.29
	2.02 ± 1.73
	0.00
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