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Abstract Adverse drug reactions (ADRs) cause considerable mortality and morbidity but no recent reviews are currently available for the European region. Therefore, we performed a review of all epidemiological studies quantifying ADRs in a European setting that were published between 1 January 2000 and 3 September 2014. Included studies assessed the number of patients who were admitted to hospital due to an ADR, studies that assessed the number of patients who developed an ADR during hospitalization, and studies that measured ADRs in the outpatient setting. In total, 47 articles were included in the final review. The median percentage of hospital admissions due to an ADR was 3.5 %, based on 22 studies, and the median percentage of patients who experienced an ADR during hospitalization was 10.1 %, based on 13 studies. Only five studies were found that assessed ADRs occurring in the outpatient setting. These results indicate that the occurrence of ADRs in the European hospital setting—both ADRs that result in hospitalization and ADRs that occur during the hospital stay—is significant. Furthermore, the limited number of studies that were performed in the outpatient setting identify a lack of information regarding the epidemiology of ADRs in this setting.
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Key Points Based on our review, recent studies demonstrate that the burden of adverse drug reactions (ADRs), in both in- and outpatient settings, is substantial. Data regarding the burden of ADRs in the outpatient setting, especially those ADRs that do not result in healthcare use, are largely lacking as we were only able to identify a handful of studies. Despite the large number of studies we identified, several countries had no recent studies available. Therefore, studies in all European countries, as well as studies on ADR occurrence in the outpatient setting, are needed.



1 Introduction In Europe, adverse drug reactions (ADRs) cause a considerable amount of morbidity and mortality [1]. It has been estimated that approximately 5 % of all hospital admissions are caused by ADRs, that 5 % of hospitalized patients will experience an ADR during their hospital stay, and that ADRs cause 197,000 deaths annually throughout the EU [1]. These estimates formed the foundation of a major reform of the European regulatory system for pharmacovigilance, which was implemented in July 2012. This renewed system for postmarketing surveillance of medicines intends to improve public health in Europe by reducing the substantial burden of disease
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resulting from ADRs, through better monitoring of medicines in the postmarketing setting, improving the pharmacovigilance systems of companies, by involving stakeholders, and by a set of other adaptations to the regulatory system [1]. These ADR occurrence rates were based on a review published in 2004 that reported nine epidemiological studies [2]. These studies were all published before the year 2000, and some of the studies were performed outside of Europe [2]. Furthermore, the estimated 197,000 annual deaths resulting from ADRs in Europe is an extrapolation of a meta-analysis of studies performed in US hospitals [3]. Since the year 2000, many new medicines have become available and medical practice might also have changed. Furthermore, differences in available medicines, prescribing practices, and medical practice could result in different epidemiology of ADR occurrence in European and US hospitals. More recent estimates on the burden of ADRs in Europe are needed but we were unable to identify any recent reviews of epidemiological studies that focused specifically on the European setting. In addition, we were not able to identify reviews of studies that have assessed the epidemiology of ADRs in the outpatient setting. Therefore, we performed a review of observational studies that have estimated the epidemiology of ADRs in hospital settings, performed in a European country and published since 1 January 2000, and performed an exploratory review of similar studies performed in outpatient settings.



2 Methods 2.1 Adverse Drug Reactions (ADRs) An ADR is defined as ‘‘an appreciably harmful or unpleasant reaction, resulting from an intervention related to the use of a medicinal product, which predicts hazard from future administration and warrants prevention or specific treatment, or alteration of the dosage regimen, or withdrawal of the product’’ [4]. Historically, the main source of information on the occurrence of ADRs has been spontaneous reporting by healthcare professionals. However, the source population (the total number of patients using a certain medicine) is generally not known in such systems and the total number of patients experiencing an ADR is also not known as reporting is usually voluntary and underreporting of ADRs can be as high as 94 % [5]. Therefore, a prospective or retrospective observational study in which the total population at risk of ADRs is included in the study is required to estimate the epidemiology of ADRs. Most studies that assess the occurrence of ADRs focus on one of two different types of at-risk populations: either all users of a certain type of medicine are included in the study, or all patients who are treated within a certain healthcare setting are included. This second study type is able to assess all ADRs that occur, regardless of the actual medicine that caused the ADR. Therefore, when one wishes to assess the total burden of ADRs at the population level, such study types are more informative than studies that assess ADRs for specific medicines only.
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Fig. 1 Different settings in which ADRs can occur and, when combined, make up the total morbidity and mortality resulting from ADRs in the hospital and outpatient settings. ADRs adverse drug reactions
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Figure 1 depicts the total burden of disease caused by ADRs in Europe and summarizes the types of studies that we included in the review: (1) studies that included all patients who were admitted to a hospital during a specified period of time and assessed how many patients or admissions were the result of an ADR; (2) studies that assessed all hospitalized patients during a specified period and reported how many patients experienced an ADR; and (3) studies that assessed how many people experienced an ADR in outpatient settings that did not result in hospitalization. 2.2 Study Eligibility Eligible study designs were prospective or retrospective observational studies that measured the ADR occurrence rate by assessing (1) the presence of an ADR in a patient that was admitted to a hospital or visited the emergency department (hospitalization caused by ADR); (2) studies that measured the number of patients who developed an ADR during their hospital stay (in-hospital ADR occurrence); or (3) studies that measured ADRs occurring in the outpatient setting. For all three defined settings, we only included studies that were performed within a defined clinical setting (i.e. a hospital, hospital ward, outpatient setting) during a specified period of time, that did not focus on ADRs of one medicinal product specifically but which measured all ADRs regardless of the medicine used, and which were conducted in a European country (European Economic Area countries plus Switzerland). However, it is important to note that the search for outpatient-setting studies was more exploratory as there are different types of study settings that could be considered relevant; we therefore expected there to be much more variation among these studies. 2.3 Search Strategy An electronic search of PubMed/MEDLINE (3 September 2014) was performed using the following search string: (adverse drug reaction OR adverse drug reactions OR side effect OR side effects OR drug induced OR drug related OR tolerability OR toxicity OR adverse effect OR adverse effects OR adverse event OR adverse outcome OR adverse outcomes AND (incidence OR prevalence OR occurrence) AND (hospital* OR admission* OR admitted OR visit) AND (observational OR retrospective OR prospective OR cohort OR population-based) NOT (clinical trial[Publication Type]). All search terms were limited to the title and/ or abstract, and only papers published in English were included. We conducted a search for papers published from 1 January 2000; however, only studies that started data
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collection after 1 January 1995 (meaning that patients included in the study were treated after 1994) were included. We rigorously assessed study designs in order to minimize variability among the included studies, as well as to ensure the quality of the included studies. Studies that executed non-random sample selection, such as those studies that only included patients who were admitted during working hours or during weekdays, were excluded. Furthermore, studies that reported missing data for more than 20 % of all patients admitted during the study period were also excluded. Those studies that only used a subsample of all patients admitted during the study period were included, but only if inclusion was non-selective (i.e. only if a random sample of the entire patient population was used), so as to minimize the possibility of selection bias in the included studies. Based on the ADR detection method, we limited the inclusion of studies to those that used intensive chart review or voluntary reporting by healthcare professionals combined with measures to stimulate voluntary reports. In other words, we excluded studies that used hospital discharge records, voluntary reporting by patients, national hospital databases, or national causes of death databases where coding for ADRs was used to select cases, so as to minimize variability in estimates caused by ADR detection methods. Less rigorous selection methods were used for the inclusion of studies performed in the outpatient setting as this part of the search was more exploratory. Studies that reported adverse drug events (ADEs) were also included medication errors [6], and studies that reported drug-related problems (DRPs), which also include failure to treat with a drug and non-compliance [7]. Medication errors are also included in ADEs and DRPs. Whenever these studies also reported on the proportion of ADRs in the article, this information was extracted from the study. As we intended to include as many studies as possible from different European countries, we did not want to exclude studies based on ADR definition used to limit the possibility of underrepresentation of certain regions due to local difference in commonly used definitions. Although we use the term ‘ADR occurrence rate’ throughout, it is possible that some of the rates are in fact ADEs or DRPs. 2.4 Data Extraction Data extraction was performed by two researchers (JCB and MLDB) who independently assessed all selected articles in order to extract the total sample size and the number of patients who experienced at least one ADR from all studies. Disagreement was solved through consensus. The inclusion process was performed by only one researcher (JCB), but when there was any doubt about whether a study
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should be included or not, a second researcher was consulted (MAK). All reasons for exclusion were recorded in order to increase the transparency of our review process. To ensure the ADR occurrence rate was calculated in the same way for all included studies, the total number of patients who were admitted to hospital during the study period and the number of patients who were admitted due to an ADR were used to calculate the percentage of hospital admissions or emergency department visits due to an ADR. For calculations of the in-hospital ADR occurrence, the total number of patients who were hospitalized during the study period was used to calculate the percentage of patients who experienced at least one ADR. If only the number of admissions during the study period was reported, this information was used instead as patients could be admitted more than once during a study period but will not necessarily be admitted twice due to an ADR. For all studies, the total sample size that was the basis for the estimate of our calculations was reported. A number of other study characteristics were collected, including the year(s) covered by the study (i.e. for retrospective studies, the years during which the ADRs occurred), setting, country, duration, population (a number of studies reported on a subpopulation of children or the elderly), population size, ADR detection method used, ADR definition used, what type of causality assessment was used, and what type of seriousness assessment was used. Some articles reported on all patients with an ADR at admission as well as the number of patients for whom the ADR was the cause of the admission, as it is possible that a patient who uses medication reports an ADR but is admitted to the hospital due to other reasons; in those cases, the percentage of ADRs that caused the admission was used.
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3 Results 3.1 Search Results The initial search resulted in a total of 1688 articles. All search results were subsequently scanned, based on the title and abstract, to determine whether the article should be included or not, resulting in a total of 59 articles (Fig. 2). Scanning the reference lists of these 59 articles resulted in another 45 articles. The full-text of all 104 articles was read to determine whether the identified studies met all inclusion criteria, and 57 articles were subsequently excluded for various reasons, which are summarized in Fig. 2. The most common reasons for exclusion were the use of a nonrandom sample and the use of different ADR detection methods. The final sample of 47 articles included 20 articles that reported the ADR occurrence rate at hospital admission, 10 articles that reported the ADR occurrence rate during hospitalization, and 11 articles that reported both of these ADR occurrence rates. Furthermore, six studies were identified that estimated the ADR occurrence rate in another setting: four articles measured ADRs occurring in an outpatient setting, one article reported ADR-related hospital deaths in one hospital through intensive chart review of all hospital deaths during a 1-year period, and one article reported the ADR occurrence rate at hospital admission, during hospitalization, and in the outpatient setting. This resulted in 32 articles that reported an ADR occurrence rate at hospital admission, 22 articles that reported an ADR occurrence rate during hospitalization, and five articles that reported ADRs occurring in the outpatient setting.



3.2 ADR as the Cause of Hospital Admission 2.5 Reporting and Analysis All three different study types that were included (ADR at hospital admission, ADR during hospitalization, ADR in outpatient settings) are reported in separate tables. Furthermore, we differentiated between studies performed in unselected patient populations (i.e. adult patients) and those studies that focused on ADRs in pediatric or elderly patients only. For both the studies that assessed ADR occurrence rates among patients admitted to the hospital, and all those studies that assessed the ADR occurrence rate during hospitalization, the median and average ADR occurrence rates were calculated based on all studies that were performed in unselected patient populations. Due to differences in the design of studies performed in outpatient settings, we did not summarize these studies, and only report on the findings per individual study. No additional analyses were performed.



A total of 32 articles encompassing 110,427 patients reported the number of patients for which an ADR was the reason for hospital admission or visit to the emergency department. Twenty-two of the studies reported in these articles were performed in unselected patient populations (i.e. not in pediatric or elderly subpopulations) (Table 1), and nine of these studies were multicenter studies. Furthermore, seven studies were performed in pediatric patient populations, and three studies were performed in the elderly (Table 2). The 32 studies were performed in 12 different countries: France (7), UK (5), Germany (5), Italy (5), Switzerland (2), Greece (1), Spain (1), Romania (1), Slovenia (1), Austria (1), The Netherlands (1), and Norway (1). In addition, one multicountry study (UK and Germany) was included [35]. Patients included in the studies were admitted between 1998 and 2009, and the mean sample size per study was 3346 patients (median 919 patients).
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Initial search: 1,688 articles 1,629 records excluded After screening titles and abstracts: 59 articles



After searching reference lists for additional articles: 104 articles



104 full-text articles assessed for eligibility



47 articles included



ADR cause of hospital admission: 20 articles



ADR occurrence during hospitalization: 10 articles



57 articles excluded: Non-random sample (13) Use of databases (13) Data collection 
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