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ABSTRACT
Patients with COPD are often of advanced age and have a high number of medications due to their lung disease and comorbidities. Thus they are at risk for unwanted effects from drugs, either due to age or due to interactions between drugs. These issues are not clarified. We therefore assessed the number of medications and potential adverse effects in a large cohort of patients with COPD.
The analysis was performed in 2741 patients of the German COPD cohort COSYCONET, using baseline data (visit 1) and follow-up data after about 1.5 years (visit 3). Spirometric GOLD grades 1-4 were found in 8/35/32/9 % of patients and GOLD groups ABCD in 7/25/4/48 % of patients, while the remaining patients (n= 450, 16.4 %) could not be classified according to GOLD criteria. The compatibility of medication with age was evaluated via the PRISCUS list, drug interactions via the AiD clinic system, whereby only drug combinations occurring in at least 10 patients were considered (nine unwanted interactions, one wanted interaction).
The median numbers of medications were 5 or more in all patient categories, among them 3 or more non-respiratory medications. In the total population there were 153 patients (10.2 %) aged ≥65 years who had any medication of the PRISCUS list with intermediate or low risk. Serious adverse combinations of drugs according to AiD occurred in 114 patients (4.2 %), while the number of unwanted but only potentially clinically relevant combinations was 175 (6.4 %). The number of wanted combinations was 219 (8.0 %). These numbers did not markedly change when restricting the analysis to patients of GOLD grades 1-4. Moreover, the results were similar for visit 1 and visit 3.
We conclude that in a large cohort of COPD patients about 10 % of those patients older than 65 years had medications that could interfere with their age and that the proportions of patients with either unwanted or wanted drug interactions were both in the range of 8-10%. These results suggest that problems arising from the high number of medications were not very frequent in the COPD cohort analysed.
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1. INTRODUCTION
Problems arising from medication are of increasing concern in an aging society comprising many elderly with multiple morbidities. There are two aspects regarding this problem. The first is the potential of certain drugs to elicit pharmacologically adverse effects at advanced age [1], [2]. The second is the problem that with an increasing number of medications the likelihood of drug interactions increases. The interactions may comprise both adverse (unwanted) effects and beneficial (wanted) effects [3]. Polypharmacy could be an issue especially in COPD which is (a) a prevalent disease, (b) predominantly found in the elderly, and (c) associated with a high number of comorbidities [4]. 
Dolce at al. reported in their study of a COPD cohort in the South-eastern United States that patients had on average 6 oral and inhaled drugs solely for their respiratory disease [5]. Similarly, in a large cohort study in the US that was not limited to COPD it was found that subjects aged 65 years and older had on average at least 5 medications prescribed [6]. Such numbers qualify for the common criterion of polypharmacy in terms of at least 5 drugs taken [7]. They are also in accordance with the common experience from clinical practice. It is thus reasonable to expect that patients with COPD might be at high risk for unwanted effects of polymedication, but up to now little information is available regarding this concern.
We therefore studied a large cohort of well characterized COPD patients and determined the number of medications for both the lung disease and comorbidities, the age-related risk associated with single medications, and the potential of interactions between drugs based on their pharmacology. For this purpose we evaluated data of the baseline visit and one follow-up visit of the German COPD cohort COSYCONET (German COPD and Systemic Consequences-Comorbidities Network) [8]. 

2. MATERIAL AND METHODS
2.1. Study population
The baseline sample (recruitment visit) of COSYCONET comprised 2741 patients [8]. In addition to a comprehensive set of measurements and questionnaires, information on comorbidities and medication was obtained. Comorbidities in terms of doctors’ diagnoses were assessed via a structured list and free-text [8]. Moreover, patients were asked to bring all of their medication at each visit, which was recorded and coded into ATC and ICD-10 codes [9]. Data from spirometry and information on symptoms and exacerbation history were used to categorize the patients into the spirometric grades GOLD 1-4 [10],[8] and the severity groups GOLD A-D [11]. The details of the assessments and categorization have been described previously, as well as the distribution of comorbidities [8]. 
In addition to patients met the spirometric criterion of COPD [11] (ratio of forced expiratory volume in one second, FEV1, and forced vital capacity, FVC, <0.7) the study population also included patients who did not meet this criterion but still reporting a diagnosis of COPD. These patients showed comorbidity profiles similar to those of patients fulfilling the spirometric criterion and were therefore included in the analysis. 
In the assessment of the PRISCUS list all patients of age 65 years or older were included. For the assessment of drug interactions we analysed data from all patients and studied data from a subgroup with spirometric GOLD grades 1-4 separately. We also stratified patients of GOLD grades 1-4 for the exacerbation risk in terms of GOLD 2017 groups A-D [11]; for this purpose GOLD groups A+B (low exacerbations) and C+D (high exacerbations) were compared. 
The analyses described above were performed for baseline data (visit 1, recruitment) and also for visit 3 data to determine the robustness of our findings over time. The median (quartiles) interval between the two visits was 561 (545; 590) days.
2.2. Risk assessment of medication in relation to age
To evaluate potential problems of drugs in relation to advanced age we used the criteria defined by PRISCUS for patients of age ≥65 years [12]. The German PRISCUS list was created in 2010 based on the American Beers criteria [13], the Canadian McLeod criteria [14] and the French Laroche list [15], all of which were designed to detect potentially inappropriate medication in the elderly. The intention of the PRISCUS list was to generate a similar list adapted to the German market. All 83 drugs included in the list had been rated by expert consensus on a five-point scale ranging from 1 (drugs definitely being regarded as inappropriate for elderly patients) to 5 (drugs whose risk is similar for younger and older patients) [1]. To simplify the description of the results we summarized the drugs listed by PRISCUS into the four categories of analgetics, cardiovascular medication, psychiatric medication and anticholinergics. For these categories the prevalence and associated weighted risk according to PRISCUS were determined, in addition to information on single drugs. 
2.3. Risk assessment of medication with regard to interactions
Interactions between drugs were identified via the AiD clinic system which has been developed by the Heidelberg University Medical Centre [16] and is in widespread use. The AiD system is based on the scientifically available information on drug interactions and regularly updated. As the number of potential interactions was large but mostly encountered in very few patients of our cohort, we restricted the analysis to combinations of a certain frequency. In a first step all medications prescribed within the cohort were grouped into different substance classes to facilitate the search for interactions. In a second step we selected all drugs with at least 50 prescriptions. For the selected drugs scientific literature was reviewed to identify drugs known for their potential of drug-drug interactions. This approach had to be chosen as the AiD system is designed to evaluate potential interactions between specific drugs, not merely categories of drugs. In the next step, those combinations were identified which were indicated by the literature and occurred in at least 10 patients at visit 1. Finally, we decided to focus on the interactions defined as potentially clinically relevant (marked orange) or clinically serious (marked red) in AiD. Those indicated as not clinically relevant were omitted. 
This approach led to nine unwanted interactions and one wanted interaction. It should be noted that we did not include inhaled respiratory medications since their systemic effects and potential for interactions are low compared to oral medications, provided the application (e.g. inhalation of glucocorticosteroids) is performed in the proper way. The set of interactions identified in the present study is shown in Table 1.



	Drug 
	Interacting drug
	Type of interaction
	Unwanted Effect

	Diuretics (Torasemide, Furosemide)

	Cardiac glycosides (Digoxin, Digitoxin)
	Increased risk for glycoside intoxication due to pharmacodynamically induced potassium loss by diuretics and narrow therapeutic range of cardiac glycosides
	Dizziness, sickness and cardiac arrhythmias even to the point of life-threatening ventricular fibrillation [17]

	
	Glucocorticoids (Prednisolone)
	Risk of hypokalaemia due to additive pharmacodynamically effect of increased potassium excretion
	Drowsiness, weakness or nausea [18]

	Statins (esp. Simvastatin due to CYP3A4/5 regulation)
	Calcium channel blockers (Diltiazem, Verapamil)
	Pharmacokinetic inhibition of simvastatin CYP3A4/5 metabolism 
	Higher risk of myopathy and rhabdomyolysis [19], [20] due to increased simvastatin plasma levels

	Theophylline
	Allopurinol
	High dosage of allopurinol may result in theophylline over dosage due to a reduced theophylline metabolism having a narrow therapeutic range
	Dizziness, sickness, tachycardia or convulsions [21]

	
	Calcium channel blockers (Verapamil)
	Pharmacokinetically reduced Theophylline metabolism (CYP3A4) 
	Possible Theophylline over dosage [22]

	ACE inhibitors (Ramipril, Enalapril, Lisinopril and its combinations)
	Potassium-sparing-diuretics (Spironolactone)
	Pharmacodynamically additive effect of hyperkalaemia
	Paraesthesia, drop of blood pressure or even cardiac arrest [23]

	Beta-blockers (Bisopolol, Nebivolol and Metoprolol)
	Cardiac glycosides (Digoxin, Digitoxin)
	Pharmacodynamic synergism
	Increased bradycardia and hypotension [24]

	Proton pump inhibitors (Pantoprazole) 
	Platelet aggregation inhibitors (Clopidogrel)
	Pharmacokinetic interaction (CYP2C19) interfering with activation of platelet aggregation inhibitors
	Anticoagulation possibly less effective (less distinctive than for Omeprazole) [25]

	Calcium channel blockers (Verapamil)
	Cardiac glycosides (Digoxin)
	Increased risk for Digoxin intoxication via inhibition of glycoside metabolism (CYP3A4) 
	Dizziness, sickness, cardiac arrhythmias [26]

	
Drug
	
Interacting drug
	
Type of interaction
	
Wanted effect

	Diuretics (Torasemide, Furosemide, HCT and their combinations)
	ACE-Inhibitors
	Pharmacodynamic synergism 
	Used for antihypertensive therapy; over dosage poses risk of hypotension


Table 1: Drug interactions analysed in the COPD cohort

2.4. Data analysis 
The results are given as counts and percentages for the different categories of medications and interactions. The presentation is mostly descriptive, and we performed statistical comparisons, e.g. between GOLD grades and groups, only in few instances as the case numbers were often very low.

3. RESULTS
3.1. Study population
Details on the study cohort have been previously published [8]. At visit 1 there were 1122 (41 %) women and 1619 (59 %) men, the mean (± SD) age being 65.1 (± 8.6) years, and mean (± SD) FEV1 56.9 ± 21.2 % predicted [10]. In accordance with the mean age, 55% of patients (n= 1508) were at least 65 years old, thus the evaluation according to PRISCUS was reasonably feasible; these patients showed a mean (± SD) age of 71 ± 4.6 years (611 women, 897 men). The distribution across spirometric GOLD grades 1 to 4 was n= 206/962/874/249 patients, corresponding to 8/35/32/9 % of the total study cohort. Accordingly, 450 patients (16.4 %) had the diagnosis/symptoms of COPD without showing the grades 1 to 4 (uncategorized COPD). Patients of grades 1 to 4 were categorized into the GOLD (2017) groups ABCD based on symptoms (COPD Assessment Test, CAT) and exacerbations [11]. The distribution of ABCD groups was n= 184/672/104/1322 corresponding to 7/25/4/48 %. 
At visit 3 n= 2053 patients (839 % women) were still in the study, and their distribution of GOLD grades 1-4 was 151/730/643/197 corresponding to 17/36/31/10 %, with the remaining 332 patients (16.2 %) uncategorized.

3.2. Number of medications

Table 2 shows the number of medications in terms of median values and quartiles. In the different groups the median number of drugs was at least 5, therefore the potential of drug interactions was given, especially as respiratory medication mostly accounted for less than one half of the medication. The results for visit 3 were similar (data not shown). Please note that rescue medication, such as short-acting beta-2-agonists, was not counted as it was not intended to be taken regularly.



	Visit 1
	 
	GOLD 1-4 (n=2291) and GOLD uncategorized (n=450)

	
	
	n.c. (n= 450)
	1 (n=206)
	2 (n=962)
	3 (n=874)
	4 (n=249)

	Median
(25% quartile;  75% quartile)
	All medication groups
	5 (3;8)
	5 (3;8)
	6 (4;8)
	7 (5;9)
	7 (5;10)

	
	Respiratory medication including oral glucocorticosteroids
	2 (1;3)
	2 (1;3)
	2 (2;3)
	3 (3;4)
	4 (3;4)

	
	Respiratory medication excluding oral glucocorticosteroids
	2 (1;3)
	2 (1;3)
	2 (2;3)
	3 (2;4)
	3 (3;4)

	
	Non-respiratory medication
	4 (2;6)
	3 (1;5)
	3 (1;5)
	3 (1;6)
	4 (1;5)



Table 2: Number of medications taken per patient in different groups at visit 1. “n.c.” (uncategorized) denotes patients who did not fulfil the spirometric criterion for GOLD 1-4 but reported a diagnosis and/or symptoms of COPD. The table shows the total number of medications, that of respiratory medications except oral corticosteroids, that of respiratory medications including oral corticosteroids, and that of non-respiratory medications except oral corticosteroids. Oral corticosteroids were listed in two separate categories since they may be administered for respiratory and non-respiratory diseases.

3.3. Risk assessment of single drugs according to PRISCUS
All patients were included irrespective of their COPD classification but the analysis was restricted to patients older than 65 years. There were 1508 of these patients in visit 1 and 1266 in visit 3. The pattern of drugs identified as potentially problematic by PRISCUS only slightly differed between the two visits. The number of patients with any relevant medication of the PRISCUS list in visit 1 was 153 (10.2%), in visit 3 it was 138 (10.9%). For the sake of clarity Figure 1 shows only medications taken by more than five patients at visit 1. Results for visit 3 were similar.
Seventeen medications were identified at visit 1 in this manner. Figure 1 also shows the risk score attributed to each medication by PRISCUS, whereby 1 indicates a high age-specific risk and higher scores indicate decreasing age-specific risk. Scores did not exceed 2.44. It can be seen that most drugs were estimated to be only potentially inadequate for elderly patients and no patient of risk score 1 was identified (minimum 1.35). Among the 17 potentially problematic medications of the PRISCUS list that were taken by more than 5 patients, the four groups of analgetics, cardiovascular medication, psychiatric medication and anticholinergics comprised 2, 4, 10, and 1 medications, respectively. The corresponding percentages of potentially problematic medications according to the PRISCUS list at visit 1 are illustrated in Figure 2. The analysis was performed separately for patients 65 to 70 years and for patients of 70 years in order to reveal whether the number of potentially problematic drugs depended on age. These cut-off values were chosen, as PRISCUS applies to patients of age ≥65 years and 70 years was the average age within the sub-population relevant for PRISCUS. 
 The average risk scores were in the range of 2.2 to 2.3 for the groups of analgetics, cardiovascular complex and anticholinergics, and about 2.1 for the psychiatric complex. 

Figure 1: Selection of potentially problematic medications according to PRISCUS list (with ATC-code) taken by > 5 patients at visit 1 


Figure 2: Distribution of potentially problematic medications according to PRISCUS categories for visit 1 in terms of percentages of patients aged ≥ 65-70 years and patients aged >70 years in whom the categories applied

3.4. Drug interactions according to AiD criteria
Among the potential interactions resulting from the drugs taken, only nine potentially adverse and one potentially beneficial interaction with patient numbers of at least 10 at visit 1 were identified (refer to 2.3; Table 1). When considering all patients irrespective of their COPD classification, the numbers and percentages given in Table 3 were observed. It can be seen that the total number (sum) of unwanted interactions was higher than the number of wanted interactions. Moreover, the contributions from serious unwanted effects (marked red) were lower than those of potentially adverse effects (marked orange). The results for visit 1 and 3 were very similar, and visit 1 data of the patients who dropped out at visit 3 were also similar to the total visit 1 data. Therefore the findings were stable over time.
Analogous data limited to patients of GOLD grades 1 to 4 are displayed in Table 4. Again the results for visits 1 and 3 were comparable and similar to the data shown in Table 3. To elucidate a potential relationship to COPD severity, especially exacerbations, we stratified the GOLD 1 to 4 patients according to the combined GOLD groups A+B (low exacerbations) and C+D (high exacerbations). These results are shown in Table 5. There was a tendency towards higher percentages of unwanted interactions in GOLD C+D compared to A+B, as underlined by the significant difference regarding diuretics+glucocorticoids (p<0.001). This probably reflected a more severe disease in these patients which was associated with more medication. On the other hand, patients of the GOLD C+D group also showed significantly (p<0.001) more wanted interactions than those of the A+B group. 
[image: ]In order to estimate the potential bias from the fact that we had decided to only those combinations analyse in detail which had occurred at least 10 times at visit 1, the combinations omitted from this analysis were evaluated in a summary form. When considering all additional combinations that could be identified from the medication actually taken by the patients, it was found that these combinations occurred in much lower numbers than those shown in Tables 3 to 5. The additional combinations referred to diverse interactions with anticonvulsants (total number 9) and antidiabetics (total number 8) and were therefore of low frequency compared to the other analysed interactions. 


Table 3: Numbers and percentages of patients in different interaction categories as defined by the AiD system for visits 1 and 3, as well as for the patients attending visit 1 but not 3 (drop-outs). The analysis included all patients regardless of the GOLD grade. The colours indicate the scoring according to AiD. Orange: potentially clinically relevant, red: clinically serious. 
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Table 4: Numbers and percentages of patients in different interaction categories as defined by the AiD system for visits 1 and 3. The table refers only to patients categorized into GOLD grades 1-4 (compare with Table 3). The colours indicate the scoring according to AiD. Orange: potentially clinically relevant, red: clinically serious. 
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Table 5: Numbers and percentages of patients in different interaction categories as defined by the AiD system for visits 1 and 3. The table refers only to patients categorized into GOLD grades 1-4 (compare with Table 4). Additionally, the patients have been stratified for their exacerbation risk according to GOLD ABCD (A+B low risk, C+D high risk). The colours indicate the scoring according to AiD. Orange: potentially clinically relevant, red: clinically serious. 

4. DISCUSSION
Our data indicate that in a large cohort of COPD patients about 10 % of the patients were treated with drugs which could be problematic due to the advanced age of these patients. Similarly, about 8-10% of the patients were treated with drugs which might have unwanted and wanted drug interactions. The median numbers of medications across different degrees of COPD severity were at least 5. The respiratory medication contributed about one half or less to these numbers, while the median numbers of non-respiratory medication showed median values of at least 3. Rescue medication, such as short-acting beta-2-agonists, was not included in the medication count as it was not intended to be taken on a regular basis. The high number of medications suggested a significant potential for drug interactions. Those of interest comprised nine categories of adverse, unwanted responses and one category of positive, wanted interactions. We did not include inhaled respiratory drugs in the analysis of interactions since their systemic effects and interaction potential are low compared to oral medications, at least if the application is done properly (e.g. inhalation of steroids). For PRISCUS as well as most interactions the results were very similar when comparing two study visits separated by about 1.5 years. 

Patients with COPD are often of advanced age which is known to be a risk factor per se with regard to certain drugs. To estimate the risk we used the PRISCUS list of potentially inappropriate medications (PIM) in the elderly which is long established and in widespread use for this purpose. Among all COPD patients older than 65 years, about 10% had medications that could be problematic but for all of these the risk attributed by PRISCUS was only intermediate or low. We grouped the potentially problematic drugs identified in our study into four major categories. Among these, “psychiatric” medications were most frequent but it should be noted that we defined this category very broad and included also sleep-inducing drugs of all kind. 
The percentage of potentially inappropriate medications was stable between visits 1 and 3. Their prescription level seemed to be low compared to other cohorts not specifically addressing COPD patients. In the primary care setting previous studies reported PIM prescription rates for the elderly ranging between 22.5 and 28.4 % [27], [28]. Voigt et al. found in their study on a cohort of general practitioners’ patients in the region of Dresden, Germany, that 23.9% of patients (mean age 76 years) had at least one prescription of medication of the PRISCUS list [29]. Moreover, Tommelein et al. estimated an overall PIM prevalence of 22.6 % in their systematic review of community-dwelling older people across Europe [30]. The reasons for the differences compared to our COPD cohort are not known. As we evaluated all drugs listed by PRISCUS it is unlikely that we have inadvertently restricted the scope of relevant medication compared to other studies. Possibly the chronic, often significantly symptomatic disease COPD is associated with a closer monitoring of patients by their physicians which might increase the removal of potentially adverse medication. 
To evaluate the risk of interactions between drugs, we employed the AiD clinic system. This system has the advantage that it is in widespread clinical use and not only a scientific tool known to experts. Using this system we found total percentages of about 8-10% of patients showing either one of nine potentially adverse interactions, or one beneficial interaction. In view of the high number of medications taken, both respiratory and non-respiratory, one might have expected a higher number of problematic combinations. It could be objected that our analysis was based on a restricted set of interactions among all possible combinations, since we only evaluated only combinations occurring in at least 10 patients. On the other hand, for most of the remaining combinations the numbers were extremely low, and their total sum was low compared to those explicitly shown in the tables. One of the potential interactions below a frequency of 10 was that between platelet activation inhibitors and PPIs (n=6). Such low numbers however did not markedly change the overall count of interactions. In order to follow strict selection criteria we considered it justified to present only interactions with numbers of at least 10. 
The total number of interactions was similar to data obtained in general, non-respiratory cohorts [31], indicating low percentages for single interactions and total numbers of wanted and unwanted interactions that were comparable to those observed in our study. The low frequency of unwanted interactions may be favoured by the physicians’ awareness of potential problems. On the other hand, the frequency of beneficial (wanted) interactions was about as high as the total frequency of (potentially) adverse interactions, and it might well be that the physicians are also aware of these benefits. The findings regarding potential interactions were essentially reproduced at a follow-up study visit about 1.5 years later. The only difference appeared to occur in the wanted interactions in patients with high exacerbation rates and possibly reflected a differential loss of patients in this category. 
The COSYCONET cohort has been set up as a follow-up study of patients with COPD, with special emphasis on comorbidities and their interplay with the lung disease. The characteristics of patients in COSYCONET are similar to those reported for other large COPD cohorts. Despite this, it is unclear to which extent the present observations can be generalized to clinical practice. On the one hand patients participating in COSYCONET may be under more close supervision by their physicians which could reduce the frequency of medication-related problems. On the other hand COSYCONET comprises not only patients with mild disease but also a significant proportion of patients of GOLD grades 3 and 4. These patients showed particularly high numbers of drugs and therefore an increased likelihood for potential drug-related problems. 
Noteworthy enough, our findings were not markedly altered when including patients who did not show a ratio of forced expiratory volume in one second (FEV1) to forced vital capacity (FVC) of less than 0.7 as required for the definition of COPD by the GOLD consortium [11]. Despite this, all of these patients had a diagnosis of COPD and most of them showed symptoms of chronic bronchitis, in accordance with the former COPD category GOLD 0 [32]. Their medication was not largely different from that observed in COPD of grades 1 and 2. 
As our data was obtained within a study cohort, a natural limitation of our analysis is that we do not have information to which extent our findings apply to the total population of COPD patients, either in Germany or in other countries. This remains true in spite of the very broad inclusion criteria of COSYCONET. The strength of our study is that patients were well characterized by standardized procedures and that medication was assessed in detail, which ensured a high quality compared to other sources often used in studies like insurance file data. Moreover, the findings were reproduced in the main in a follow-up visit about 1.5 years later. 

5. CONCLUSION
The present findings indicate that in a large cohort of COPD patients with multiple comorbidities the proportion of patients with potentially problematic medication due to either advanced age or of unwanted drug interactions was about 10 % each. Wanted drug interactions were found in about 8% of patients. Across all stages of disease, at least 50% of patients took 5 or more drugs. Against this background we consider the proportion of potentially severe interactions as relatively low. Most of the interactions involved cardiovascular medication, in line with the high prevalence of corresponding comorbidities in the COSYCONET cohort [8]. These novel data provided by our study could be valuable for comparison with other COPD cohorts, other disease cohorts and the general population.                                                                                                                                                                                                                                                                                                  
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Combinations of medication

Number of combined 

prescriptions V1

Number of combined 

prescriptions V3

Number of combined 

prescriptions drop-out patients 

between V1 and V3

Number of patients 2741 2053 688

Diuretics + Cardiac 

Glycosides

29 (1.1%) 18 (0.9%)

10 (1.5%)

Diuretics + Glucocorticoids 59 (2.2%) 47 (2.3%) 28 (4.1%)

Statins + Calcium Channel 

Blockers

44 (1.6%) 31 (1.5%) 12 (1.7%)

Theophylline + Allopurinol 33 (1.2%) 21 (1.0%) 10 (1.5%)

ACE-Inhibitors + Potassium-

Sparing-Diuretics

41 (1.5%) 30 (1.5%) 15 (2.2%)

PPIs + Platelet Aggregation 

Inhibitors

26 (1.0%) 22 (1.1%) 8 (1.2%)

Theophylline +Calcium 

Channel Blockers

15 (0.5%) 8 (0.4%) 5 (0.7%)

Calcium Channel Blockers + 

Cardiac Glycosides

15 (0.5%) 6 (0.3%) 6 (0.9%)

Beta-blockers + Cardiac 

Glycosides

27 (1.0%) 18 (0.9%) 7 (1.0%)

Wanted

Diuretics + ACE-Inhibitors

219 (8.0%) 140 (6.8%) 79 (11.5%)

Unwanted
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Combinations of medication Number of combined prescriptions V1 Number of combined prescriptions V3

Number of patients (GOLD 1-4) 2291 1721

Diuretics + Cardiac Glycosides 26 (1.1%) 10 (0.6%)

Diuretics + Glucocorticoids 48 (2.1%) 35 (2.0%)

Statins + Calcium Channel Blockers 38 (1.7%) 28 (1.6%)

Theophylline + Allopurinol 30 (1.3%) 19 (1.1%)

ACE-Inhibitors + Potassium-Sparing-

Diuretics

35 (1.5%) 23 (1.3%)

PPIs + Platelet Aggregation 

Inhibitors

19 (0.8%) 19 (1.1%)

Theophylline +Calcium Channel 

Blockers

14 (0.6%) 7 (0.4%)

Calcium Channel Blockers + Cardiac 

Glycosides

14 (0.6%) 6 (0.3%)

Beta-blockers + Cardiac Glycosides

24 (1.0%) 9 (0.5%)

Wanted

Diuretics + ACE-Inhibitors

190 (8.3%) 109 (6.3%)

Unwanted
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Combinations of medication

Number of patients (GOLD 1-4)

A+B C+D A+B C+D

Number of patients (ABCD) 1454 827 1207 506

Diuretics + Cardiac Glycosides 12 (0.8%)14 (1.7%) 7 (0.6%) 3 (0.6%)

Diuretics + Glucocorticoids 13 (0.9%)35 (4.2%)18 (1.5%) 17 (3.4%)

Statins + Calcium Channel Blockers 20 (1.4%)18 (2.2%)21 (1.7%) 7 (1.4%)

Theophylline + Allopurinol 21 (1.4%) 9 (1.1%) 14 (1.2%) 5 (1.0%)

ACE-Inhibitors + Potassium-Sparing-

Diuretics

30 (2.1%)15 (1.8%)12 (1.0%) 11 (2.2%)

PPIs + Platelet Aggregation 

Inhibitors

9 (0.6%) 10 (1.2%) 9 (0.7%) 10 (2.0%)

Theophylline +Calcium Channel 

Blockers

9 (0.6%) 5 (0.6%) 3 (0.2%) 4 (0.8%)

Calcium Channel Blockers + Cardiac 

Glycosides

10 (0.7%) 4 (0.5%) 5 (0.4%) 1 (0.2%)

Beta-blockers + Cardiac Glycosides

11 (0.8%) 13 (1.6%) 5 (0.4%) 4 (0.8%)

Wanted

Diuretics + ACE-Inhibitors

92 (6.3%)98 (11.9%) 75 (6.2%) 33 (6.5%)

Unwanted

Number of combined 

prescriptions V1

2291

Number of combined 

prescriptions V3

1721


