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Background/aim: A prospective evaluation of drug-induced liver injury (DILI) in two tertiary hospitals was conducted through a pharmacovigilance program from laboratory signals at hospital (PPLSH) to determine the principal characteristics of DILI in patients older than 65 years, a growing age group worldwide, which is underrepresented in the literature on DILI.
Methods: All DILI in patients older than 65 years detected by PPLSH in two hospitals were followed up for 8 years in the La Paz Hospital and 2 years in the Getafe Hospital. A descriptive analysis was conducted that determined the causality of DILI and suspected drugs, the incidence of DILI morbidities, DILI characteristics, laboratory patterns, evolution and outcomes.
Results: 458 DILI cases in 441 patients were identified, 31.0% resulting in hospitalisation and 69.0% developing during hospitalisation. The mean age was 76.61 years old (SD, 7.9), and 54.4% were women. The DILI incidence was 76.33/10,000 admissions (95%CI 60.78–95.13). Polypharmacy (taking >4 drugs) was present in 86.84% of patients, 39.68% of whom took >10 drugs. The hepatocellular phenotype was the most frequent type of DILI (53.29%), a higher proportion (65%) had a mild severity index, and, in 55.2% of the evaluated drugs the RUCAM indicated that the causal relationship was highly probable. The most frequently employed drugs were paracetamol (50-cases), amoxicillin-clavulanate (42-cases) and atorvastatin (37-cases). The incidence rate of in-hospital DILI per 10,000 DDDs was highest for piperacillin-tazobactam (66.96/10,000 DDDs). A higher risk of in-hospital DILI was associated with the therapeutic chemical group-J (antiinfectives for systemic use) (OR, 2.65; 95%CI 1.58–4.46) and group-N (central nervous system drugs) (OR, 2.33; 95%CI 1.26–4.31). The patients taking >4 medications presented higher maximum creatinine level (OR, 2.01; 95%CI 1.28–3.15), and the patients taking >10 medications had a higher use of group J drugs (OR, 2.08; 95%IC 1.31–3.32).
Conclusion: The incidence rate of DILI in the patients older than 65 years was higher than expected. DILI in elderly patients is mild, has a good outcome, has a hepatocellular pattern, develops during hospitalisation, and prolongs the hospital stay. Knowing the DILI incidence and explanatory factors will help improve the therapy of the elderly population.
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INTRODUCTION
Over the last 50 years, drug-induced liver injury (DILI) has been the most frequent reason for withdrawing marketing authorisation for certain drugs (e.g., iproniazid, sitaxentan, and benoxaprofen) (Temple and Himmel, 2002; FDA Drug Induced Liver Injury Rank (DILIrank) Dataset (2020)). DILI has also limited the use of numerous medications (e.g., isoniazid and labetalol) and has generated follow-ups with post-marketing regulatory actions. Several drugs have not been approved in the United States because the European marketing experience revealed the drugs’ hepatotoxicity (Center for Drug Evaluation and Research, 2019). Most of the drugs recalled due to hepatotoxicity have caused death or resulted in the need of transplantation at rates of ≤1 per 10,000 (Larrey, 2000). Therefore, the typical drug development databases with thousands of patients exposed to a new drug will show no cases. Only the most overt hepatotoxins can be expected to show cases of severe DILI in the 1,000–3,000 patients typically studied and reported in a new drug application, and drugs that cause such predictable and dose-related injury are generally discovered and rejected during preclinical testing. More difficult to detect is the toxicity that is unpredictable or not dose-related that occurs at doses that are well tolerated by most people but seems to depend on individual susceptibilities that have not as yet been characterised (Council for International Organizations of Medical Sciences, 2019).
As age increases, the risk of liver injury also increases (Larrey, 2002; Lucena et al., 2020; Danjuma et al., 2020; Chalasani and Bjornsson, 2010). A Japanese study evaluated the clinical characteristics of elderly patients, and concluded that, in addition to the association with advanced age, there was a high number of prescribed medications, uncertain medication duration, and longer exposure time to certain drugs. In terms of outcomes, the patients had longer hospitalisations, a greater need of intensive treatment and less accuracy in the diagnosis (Onji et al., 2009). However, Meier et al. (Meier et al., 2005) concluded from a prospective study that there was no significant relationship between comorbidity/polypharmacy and the risk of DILI. Other reviews (Herrlinger and Klotz, 2001; Cotreau et al., 2005), indicated that advanced age might affect the clearance of certain cytochrome P450 substrates, altering the activity or expression of phase I or phase II drug-metabolising enzymes.
Since 2007, the La Paz University Hospital has employed the pharmacovigilance program from laboratory signals at hospital (PPLSH), which uses automatic laboratory signals (ALS) as Tegeder et al. (Tegeder et al., 1999) described, to monitor a large number of patients with limited resources. This support tool for detecting adverse drug reactions (ADR) in hospital has proven useful for detecting and evaluating serious adverse drug reactions (SADR) associated with increased morbidity and lengthened hospital stays, and for gathering the necessary detailed information to study the risk factors associated with these SADRs (Ramirez et al., 2010; Ramirez et al., 2013; Ramirez et al., 2017; Ramirez et al., 2019). With the collaboration of La Paz University Hospital this programme was implemented in the Getafe University Hospital, starting in the geriatric ward.
Due to the increasingly older adult population worldwide, there has been a growing rate of polypharmacy, DILI and ADRs. Older adults tend to use significantly more concomitant drugs, which is likely due to the increased number of underlying diseases and conflicting information regarding the diseases. The objective of this study was to detect all DILI in patients older than 65 years through a proactive and prospective pharmacovigilance program in two Spanish hospitals during the patients’ follow-up periods to describe the factors related to DILI.
MATERIALS AND METHODS
Setting
At the time of the study, electronic clinical records (ECRs) included all laboratory data, imaging, and other exploratory results, previous medical reports and discharge summaries. A specific database application was developed within the Integrated Laboratory System (Labtrack), which has been available in the La Paz University Hospital since 2006, to detect predefined abnormal laboratory signals (ALS). The program employed in the Getafe University hospital is a system that integrates the results of the hospital’s central laboratory (ServoLab Laboratory Computer System, Version 3), after requesting the required permits. All ALS were retrieved systematically. The approval for publishing the programme was obtained from the Institutional Review Boards at La Paz University Hospital and at Getafe University Hospital.
Definition of Automatic Laboratory Signal
Table 1 Lists of abnormal laboratory signals (ALS) criteria (EMEA, 2010).
TABLE 1 | Definition of automatic laboratory signals employed to detect drug-induced liver injury.
[image: Table 1]Observation Periods
The observation periods by hospital were as follows:
Getafe University Hospital: 31/Oct/2016 to 01/Jan/2018 in the geriatric ward.
La Paz University Hospital: 01/Jul/2007 to 31/Dec/2015 in the entire hospital.
The prospective follow-up of the cases was conducted for at least 1 year.
Detection, Evaluation and Notification
The procedure for detecting and evaluating ADRs has been described elsewhere. Ramirez et al. (2010) Briefly, in phase I, on-file laboratory data at admission or during hospitalisation were screened 7 days a week, 24 h a day. In phase II, the patients were identified to avoid duplicates, and the ECRs were reviewed. In phase III, a case-by-case evaluation was performed for the remaining cases. For the cases in which an ALS was detected during the hospital admissions of patients over 65 years of age, the ALS was analysed using the ECRs. When a clear alternative cause was ascertained, the case was considered non-drug related. For the remaining cases, two physicians from the Clinical Pharmacology Department conducted a detailed review of patients’ records, a patient visit and/or interview with their relatives to obtain more detail and, if necessary, further tests. When a SADR was suspected, a withdrawal of the suspected drugs was discussed with the attending physician, and the patient was followed-up during hospitalisation and referred to a pharmacovigilance consultation. For all patients categorised as having a DILI, a complete adverse reaction report was submitted to the pharmacovigilance centre in Madrid.
Drug-Induced Liver Injury Definition
DILI identification was made in accordance to the criteria defined by the CDER-PhRMA-AASLD Conference, 2000 (EMEA, 2010) and the severity definition employed in the hospital, was the one described by the Harmonized tripartite guidelines of the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH, 2003).
Causality Assessment
The Roussel Uclaf Causality Assessment Method (RUCAM 1993) (Danan and Benichou, 1993), the most commonly employed diagnostic algorithm for assessing causality in DILI (Danan and Teschke, 2018; Teschke, 2018), includes weighted scoring of an event according to 7 distinct domains related to the temporal relationship between exposure to a particular drug and the liver injury (both its onset and course), the exclusion of alternative non-drug-related aetiologies, exposure to other medications that could explain the DILI, risk factors of the adverse hepatic reaction, evidence in the literature regarding DILI from the drug in question and response to re-exposure to the medication. The total score (ranging from −7 to +14) from the domain-specific assessment classifies the event as highly probable (>8), probable (6–8), possible (3–5), unlikely (1–2) or excluded (<0), based on the likelihood of a DILI (21). The categories of highly probable, probable, and possible were considered drug related.
Collection of Patient Data
All notifications and comorbidities (hypertension, diabetes mellitus, dyslipidaemia, toxic habits), basic demographic data (sex, age, weight, height, use of concomitant medications), the timing of the signal (during hospitalisation or causing hospitalisation), the number of drugs consumed at the time of the signal and the characteristics of the DILI and hospital stays, presence of chronification (abnormal laboratory results sustained for more than 3 months), type/pattern of DILI, RUCAM classification, severity (mild, moderate, severe or fatal) and whether the DILI and SADR were recorded in the patients’ discharge reports were recorded. Also, the suspected drugs (at the start and end of treatment) were recorded according to the Anatomical Therapeutic Chemical (ATC) classification system and outcome. Polypharmacy was defined as the use of more than four drugs in the DILI onset.
Drug Consumption
Drug consumption was characterised at defined daily doses (DDD), which is the standard adult dose of a drug for 1 d treatment, as defined by the World Health Organisation’s ATC classification system. DDDs were calculated for cases of DILI that occurred during hospitalisation.
Laboratory Test Results
The laboratory variables were recorded at three time points (baseline, maximum or peak, and outcome recovery) and included: Alanine aminotransferase (ALT), alkaline phosphatase (ALP), total bilirubin (TB), gamma-glutamyl transferase (GGT), thromboplastin activity, lactate dehydrogenase, creatinine, albumin, blood pH and eosinophils. The increase above the limit of normal for all laboratory variables was calculated.
Data Analysis
In-hospital incidence rate of DILI was calculated by dividing the number of cases of drug-induced reactions by the total number of hospitalised patients older than 65 years during the prospective follow-up. The uncertainty of association was assessed by calculating the 95% two-sided Poisson confidence interval.
Patients’ mean of stay was compared with the mean department stay (i.e. the mean stay for all patients in that department). The result was a positive or negative number depending on whether the patients spent more or fewer days in hospital than expected per department per year, which allowed us to report the length of the hospitalisation according to whether the DILI occurred during hospitalisation or caused the hospitalisation.
Incidence rate for DILI per 10,000 DDDs was calculated by multiplying the number of DDDs by the mean number of days each drug was consumed. The result was divided by the consumption of each drug (in DDDs) in the hospital during the study period.
Descriptive data were presented as means (Standard Deviation) and N (%, proportions). The quantitative variables are presented as mean and standard deviation (SD), and the qualitative variables are presented as absolute and relative frequencies. Then, a bivariate analysis was performed to determine the variables potentially related to the onset of DILI. For the related qualitative variables, Chi-squared test was employed; and for quantitative variables, Student’s t-test or and the Mann-Whitney U test, were employed as appropriate.
A receiver operating characteristic (ROC) curve was constructed to evaluate the explanatory factors associated with type, severity, DILI timing (in-hospital or before) and polypharmacy in the DILI cases. To obtain the most parsimonious model, a Backward stepwise procedure was performed, which started with a model using all confounding variables available in the database and removing one after the other until all the remaining variables included in the model were significant. This procedure was used in logistic regression model using as dependent variable the following variables recoded as follows:
DILI type (hepatocellular vs. cholestatic/mixed)
‐ Severity (severe / moderate vs. mild).
‐ DILI (in-hospital vs. resulting in hospitalisation).
‐ Polypharmacy.
Cross-validation of the final models of the logistic regression was made by dividing them into 4, 5, and 10 groups (fold cross-validation), to assess the reproducibility of the statistical differences, and the model’s variance estimation. The data analyses were performed using IBM SPSS Statistics version 20.0.0 (IBM Corporation, United States).
RESULTS
Incidence and Length of Stay
During the study period, 1,594,973 liver tests were processed (GPT/ALT, GGT, ALP or TB), of these, 3,712 met ALS criteria, and a total of 458 cases in 441 patients were categorised as DILI. Figure 1 shows the flowchart e of the PPLSH during the study period. In the Getafe University Hospital, 15 (15.96%) cases of DILI were detected in 15 patients (8 cases resulting in hospitalisation and 7 in-hospital), obtaining a positive predictive value of 15.95%. In the geriatrics department, there were 2041 hospitalisations during the study period. The incidence of DILI was 73.49/10,000 hospitalisations (95% CI 58.11–91.79 per 10,000). In the La Paz Hospital, 443 (12.2%) cases of DILI were detected in 413 patients (117 cases resulting in hospitalisation and 326 in-hospital), obtaining a positive predictive value of 12.24%. Of these, 17 patients had more than one DILI episode (11 patients had 2 episodes, 1 patient had 3 episodes, and 1 patient had 5 episodes). Of these, 16 cases occurred in the geriatrics department. The incidence of DILI in the geriatrics department was 79.17/10,000 (95% CI 63.44–98.46 per 10,000). There was no significant difference between the cases of DILI detected in the two hospitals. The overall incidence rate of DILI was 76.33/10,000 admissions (95% CI 60.78–95.13 per 10,000).
[image: Figure 1]FIGURE 1 | Flowchart of drug-induced liver injury cases detection. Abbreviations: ALSs, automatic laboratory signals.
The most frequent DILI (69.0%) cases were those arising during hospitalisation. The mean length of stay of the patients admitted with a DILI was 14.4 days (+6.44 more days than the mean hospital length of stay), and the mean excess stay due to DILI was + 17.9 days. Table 2 shows the mean excess stay due to DILI (DILI resulting in hospitalisation or in-hospital) and by department. Compared with in-hospital DILI cases, greater severity (moderate or severe or fatal) (24.7% vs. 54.9%, p < 0.001), and worse outcome (sequel or death) (11.27% vs. 1.6%, p = 0.015), were observed in DILI cases resulting in hospitalisation.
TABLE 2 | Prolongation of hospitalisation by medical department.
[image: Table 2]Characteristics of Patients With Drug-Induced Liver Injury
The mean age of the patients with DILI was 76.85 (SD 7.9) years, and 240 were women (54.4%). Of the 441 patients, 9.52% had a history of ADR and 8.4% had previous liver disease. Pre-existing liver disease was associated to a greater severity (fatal 5%, severe 10%, moderate 35%, and mild 50%; p = 0.042). Table 3 lists the characteristics of the patients with DILI. Polypharmacy was present in 86.84% of DILI patients, of which 39.68% received more than 10 drugs. Table 4 lists the characteristic of the DILI cases. The hepatocellular phenotype was the most frequent type of DILI (53.29%), a higher proportion (65%) of cases were mild (increased ALT levels without jaundice), and the overall DILI-related mortality was 3.27%. Table 5 lists the mean number of times above the upper limit for the laboratory parameters of the DILI cases. Table 6 lists the characteristics of DILI cases by sex and age. The age was dichotomized to ≤ 75 vs. > 75 years old. The frequency of DILI in patients older than 75 years was higher than in younger patients (54.37% vs. 45.63%, respectively). There were more women (58.63% vs. 48.33%, respectively) with DILI, and a higher proportion of polypharmacy in those older than 75 years (88.35% vs. 77.99%).
TABLE 3 | General characteristics of the patients with drug-induced liver injury.
[image: Table 3]TABLE 4 | General characteristics of drug-induced liver injury cases.
[image: Table 4]TABLE 5 | Means number of times above upper limit of normality for the laboratory parameters.
[image: Table 5]TABLE 6 | Characteristics of DILI cases by sex and age.
[image: Table 6]Culprit Drugs
There were 582 culprit drugs. Of the 458 cases, 166 (36.24%) involved two or more suspicious drugs. The most frequently used drugs were paracetamol (50 cases), followed by amoxicillin-clavulanate (42 cases), atorvastatin (37 cases), cephazolin and levofloxacin (both 21 cases), metamizole (18 cases), and meropenem (17 cases). Table 7 lists the characteristic of the DILI cases per drug, for the most common culprit drugs. In 55.2% of the evaluated drugs the RUCAM indicated that the causal relationship was highly probable. A statistically significant increase in ALT was observed with levofloxacin, and a significant total bilirubin maximum was observed with amoxicillin-clavulanate (Table 7). The incidence rate of in-hospital DILI per 10,000 DDDs was highest for piperacillin-tazobactam (66.96/10,000 DDDs), followed by meropenem (56.6/10,000DDDs), and atorvastatin (37.05/10,000DDDs) (Table 8). Table 9 lists the characteristics of the DILI cases per ATC group. Group J of anti-infective drugs for systemic use (34.5%) followed by group N of drugs for the central nervous system (20.8%) and group C of the cardiovascular system (13.4%) were the therapeutic groups most frequently associated with DILI cases. Groups J and L (antineoplastic agents and immunomodulators) were associated with a higher percentage of polypharmacy. Group A (digestive system and metabolism) was associated with greater severity (severe and fatal). Outcome recovery creatinine level was significantly higher in group C.
TABLE 7 | Characteristic of drug-induced liver injury per drug for the most common culprit drugs.
[image: Table 7]TABLE 8 | Incidence by consumption in cases of in-hospital drug-induced liver injury.
[image: Table 8]TABLE 9 | Characteristic of drug-induced liver injury per ATC group.
[image: Table 9]Relevant Factors of Logistic Regression Models
Table 10 shows the final variables included of the logistic regression models. Several regression models were constructed: A) According to the pattern, the discriminant factors for the hepatocellular pattern diagnostic (vs. cholestatic/mixed) were maximum ALT level, maximum ALP level and baseline GGT level with OR (95% CI) per increase of an unit were 1.069 (1.04–1.10), 0.789 (0.702–0.887) and 0.673 (0.541–0.837), respectively; B) according to severity, an increment in one unit in maximum ALT level and an increment of one unit in the maximum TB had a higher risk of severe DILI of 1.05 (CI 1.2–1.08) and 4.14(2.98–5.76), respectively; C) the use of drugs included in the ATC group J of antiinfectives for systemic use and group N of drugs for the central nervous system had a higher risk of in-hospital DILI. On the other hand, an increment of one unit in maximum ALT level and an increment in one unit in maximum TB level had a lower risk of in-hospital DILI (vs. causing hospitalisation). The OR (95% CI) were 2.65 (1.58–4.46), 2.33 (1.26–4.31), 0.963 (0.945–0.982) and 0.941 (0.911–0.973), respectively; D) in DILI due to polypharmacy maximum creatinine levels, baseline TB level and the use of group N were associated with taking more than four drugs. Our results showed that maximum creatinine level was a risk factor with an OR (95% CI) for an increment of one unit of 2.01 (1-0.28-3.15), whilst in the case of baseline TB level and taking group N drugs were protective factors with OR (95% CI) of 0.744 (0.554–1.00) and 0.488 (0.240–0.835) per increment in one unit in TB levels and the use of group N, respectively; and E) DILI in patients taking more than 10 drugs, the use of group J drugs, , baseline creatinine levels and maximum BT level were associated with the event Our results showed that taking group J drugs and baseline creatinine level were risk factor with OR (95%CI) of2.08 (1.31–3.32), 1.78 (1.02–3.1) for the use of group J drugs and per increment in one unit in baseline level, respectively. On the other hand, maximum TB level was a protective factor with an OR (95% CI) of 0.946 (0.904–0.990) for an increment of one unit in this parameter. Figure 2 shows the ROC curves of the parsimonious logistic regression models for the considered outcomes (polypharmacy, severity, in-hospital and pattern of DILI).
TABLE 10 | Saturated models of logistic regression (explanatory variables, odds ratio and 95% confidence interval, area under the curve) of: (A) Type of DILI; (B) DILI severity; (C) DILI occurring during hospitalization vs. resulting in hospitalization; (D) DILI by > 4 drugs vs. ≤ 4 drugs; and (E) DILI by > 10 drugs vs. ≤ 10 drugs.
[image: Table 10][image: Figure 2]FIGURE 2 | ROC curves for the dependent variables.
For hepatocellular DILI, the model including maximum ALT, maximum ALP and GGT levels had a model performance AUC (95%CI) of 0.820 (0.777–0.872). For severe DILI, the model including maximum ALT and maximum TB levels had a model performance of 0.949 (0.924–0.974). For in-hospital DILI, the model including use of Group J drugs, use of Group N drugs, maximum ALT and maximum TB levels had a performance of 0.756 (0.711–0.800). For DILI related by more than four drugs, the model including use of Group N drugs, maximum creatinine and baseline TB levels had a performance of 0.739 (0.685–0.793). And finally, for DILI related to more than 10 drugs, the model including the use of group J drugs, baseline creatinine and maximum TB levels had a performance of 0.638 (0.582–0.694). Table 11 shows the performance (AUC (95%CI)) for the parsimonious logistic regression models using all data and cross-validation algorithms. Non-significant cross-validation results indicated a high reproducibility of the models.
TABLE 11 | Performance for the parsimonious logistic models using all data and cross-validation algorithms.
[image: Table 11]DISCUSSION
Incidence and Length of Stay
Very limited data exit on the incidence of DILI in the older population. The annual incidence of DILI has been estimated at between 19.1 and 2.7 cases per 100,000 adults (Sgro et al., 2002; Bjornsson et al., 2013; Vega et al., 2017). The incidence of DILI in patients over 65 years of age belonging our hospitals was 37.9 (95 CI 26.9–51.0) cases per 100,000 inhabitants. Older age appeared to be a risk factor for DILI in a 2-years Icelandic study, because the age-standardised incidence increased from 9 per 100,000 people in the group aged 15–29 years to 41 per 100,000 people in the group aged 80 years and older (Bjornsson et al., 2013). A higher proportion of older people were also found when analysing reports of DILI to WHO VigiBase database system, 62% of liver injury events reported were in adults aged 18–64 years, and 32% were in patients aged 65 years and older (Hunt et al., 2014).
As expected, in-hospital DILI were the most frequent (69%) in our study. A study using a Swiss database of hospitalised patients found that 1 in 100 patients developed DILI during hospitalisation (Meier et al., 2005). A recent single-centre, 1-year, prospective Colombian study reported that among hospitalised patients with elevated liver tests 6% had DILI (Cano-Paniagua et al., 2019). Hospitalised patients are regularly monitored for symptoms and by laboratory tests, in contrast, those patients with DILI ultimately resulting in hospitalisation could present abnormal liver function for weeks, which can go unidentified until the patients are admitted to a hospital. In accordance, a greater severity and worse outcome were observed in DILI resulting in hospitalisation in our study.
When comparing DILI by hospital department, internal medicine has the largest number (probably because it focused on the differential diagnosis), followed by traumatology, pneumology and haematology, in which DILI predominantly presented during hospitalisation, possibly due to the frequency of hepatotoxic drugs prescribed by these departments. The DILI causing hospitalisation were more frequently found in the gastroenterology department, as reported by De Valle (De Valle et al., 2006), which is likely due to the department’s specialisation in liver disease and the fact that their patients are often directly admitted from the emergency department. Unfortunately, the studies that included hospitalised patients, did not analyse the mean hospital stay or the prolongation of hospitalisations for DILI (Sgro et al., 2002; Meier et al., 2005).
Characteristics of Patients With Drug-Induced Liver Injury
Our patients’ mean age was higher than that of other studies (Onji et al., 2009; Danjuma et al., 2020; Lucena et al., 2020), an important factor considering the age-related changes in body composition and hence in pharmacokinetics, which could be associated with increased risk and incidence. The elderly experience increased lipid-soluble drug distribution increased water-soluble drugs concentrations, and increased volume of drug distribution due to a decrease in serum albumin levels (Larrey, 2002; Lucena et al., 2020). In this sense, this study found that low albumin levels were associated with older age, greater severity and death from DILI. The male sex experienced greater severity and poorer outcomes and was associated with more smoking and alcohol consumption in this group. The age and alcohol consumption are well established risk factors for DILI (Danan and Benichou, 1993; Danan and Teschke, 2016; Danan and Teschke, 2018; Danan and Teschke, 2019). The female sex was also more frequent in the group over 75 years of age and was associated with a history of hypertension, dyslipidaemia and polypharmacy. Common chronic non-transmissible diseases that lead to polypharmacy in older people are the reason for the increase in the rate of adverse drug reactions in this population (Kowal et al., 2016; Ghabril et al., 2019). In a population-based case-control study using the UK General Practice Research Database, the risk of developing DILI was increased by a factor of six when a combination of two or more hepatotoxic drugs are present (de Abajo et al., 2004). In this study, pre-existing liver disease was associated to a greater severity of DILI. These results are in concordance with The DILIN Prospective Study in which DILI appeared to be more severe in patients (10%) with pre-existing liver disease (Chalasani et al., 2015).
Characteristics of Drug-Induced Liver Injury Cases
As with our study, previous studies, have identified that the predominant pattern in DILI is hepatocellular (53.29%) (Friis and Andreasen, 1992; Larrey, 2002; Sgro et al., 2002; Meier et al., 2005; De Valle et al., 2006; Xu et al., 2012; Yeboah-Korang et al., 2020). Other studies, have observed varied results for the pattern (Bagheri et al., 2000; Ibanez et al., 2002; Andrade et al., 2005; Onji et al., 2009; Bjornsson et al., 2013), with a predominance of the cholestatic pattern, which was also associated with older age, which is probably related to a delay in the diagnosis, given that the symptoms are less manifest in the elderly (Onji et al., 2009), a situation that is avoidable with proactive pharmacovigilance. Regarding severity, (Aithal et al., 2011), it was observed that most cases had mild severity (65.07%), in accordance with previous studies (Meier et al., 2005; Lucena et al., 2009; Bjornsson et al., 2013; Douros et al., 2015).
Previous studies have frequently associated advanced age with persistent/chronic abnormalities due to a decrease in tissue repair function as the body ages Fontana et al., 2015). However, our results are in line with those of the study by Bjornsson and Davidsdottir (Bjornsson and Davidsdottir, 2009), which conducted a long follow-up of hospitalised patients, most of whose liver tests, normalised during follow-up, remaining free of liver morbidity and presenting a similar chronification rate to our study (1.53% vs. 1.2%).
Regarding the low rate of recorded DILI and hypertransaminasemia in the clinical discharge reports, there are numerous studies (Levy et al., 1999; Bagheri et al., 2000; Meier et al., 2005; De Valle et al., 2006; Xu et al., 2012) demonstrating a high rate of underestimation in the ADRs by spontaneous reporting, closely related to our study’s findings (35.96 and 57.89%, respectively). In a French population-based study, the number of hepatic events was 16 times greater than the number of spontaneously reported to the French authorities (Sgro et al., 2002). It was observed that the recorded rate depended on the severity and characteristics of the DILI, with more frequent registration in severe cases and for cholestatic patterns. However, our study had physicians from the Department of Clinical Pharmacology, who discuss the majority of cases with the attending physician. This approach, lead to an increase in the recorded rate of DILI in the discharge clinical reports, thereby demonstrating that if a retrospective analysis of only discharge reports had been conducted, 60–70% of cases would be lost (Meier et al., 2005) and that when a patient returns to the hospital, the new treating physician would not have all the patient’s information.
Culprit Drugs
The top 5 drugs implicated in causing DILI in our study were, in descending order of frequency, paracetamol, amoxicillin-clavulanate, atorvastatin, cephazolin and levofloxacin. Except for drugs not indicated for older adult patients, our results were similar to those of a large DILI database (Teschke, 2018). In this study, paracetamol was the culprit drug for 11% (50/458) of DILI cases, one case was fatal. Due to this, in 2018 a recommendation for a maximum dose of paracetamol for the elderly of 3 g per day (previously 4 g daily) was implemented, achieving a reduction of 80% paracetamol related DILI 1 year after (data not shown). Ageing-related changes in liver blood flow and mass can increase paracetamol exposure causing more frequently acute liver injury with paracetamol given at therapeutic doses (Lucena et al., 2020). Prospective national and international DILI Registries have been set-up in Spain, United States, Europe, Latin American, Japan, and China among other countries to collect the most frequently implicated agents (Council for International Organizations of Medical Sciences, 2019). Antimicrobials (mainly amoxicillin-clavulanate) are the most frequent agents involved in DILI as reported in the Spanish DILI Registry (Andrade et al., 2006). Nevertheless, the amount of drugs consumed increases with age, and there will therefore be a parallel increase in the incidence of DILI (Meier et al., 2005).
It was also possible to calculate the incidence of DILI by drug consumed during hospitalisation, which was higher for piperacillin-tazobactam (66.96/10,000 DDDs), meropenem (56.6/10,000 DDDs) and atorvastatin (37.05/10,000 DDDs). In the study by Kang et al. (Kang et al., 2020), the authors provided the incidence rate per 1,000 prescribed patients with respect to piperacillin-tazobactam and meropenem (3.2 and 2.6, respectively). However, the incidence rate provided by of Kang et al. was for the entire population, which differed from our study rates were given only for those older than 65 years old. The incidence of atorvastatin use in LiverTox (National Institute of Diabetes and Digestive and Kidney Diseases, 2012) was very similar to that in our study (1: 3,000–1: 5,000), despite its use for the general population.
Up to date three prospective population-based studies have been published. A study carried out in France over a 3-years period the most frequent implicated drugs were NSAIDs, anti-infectious, psychotropic and hypolipidemic agents (Sgro et al., 2002). In Iceland, a 2-year period study amoxicillin-clavulanate, diclofenac and azathioprine were the most frequent causative agents (Bjornsson et al., 2013). More recently, in US, a 3-years study antibiotics and herbal and dietary supplements were the most frequent causative drug groups (Vega et al., 2017). Other studies have explored the causative drug groups of in-hospital DILI cases, being antiinfectives for systemic use, anticonvulsants or antineoplastic the most frequent implicated drugs (Meier et al., 2005; Cano-Paniagua et al., 2019). Antimicrobials and cardiovascular drugs were most frequently implicated in hepatotoxicity in older population in the Spanish DILI Registry and US Drug-induced Liver Injury Network (DILIN) (Lucena et al., 2009; Chalasani et al., 2015). In this sense, antiinfectives for systemic use, drugs for the central nervous system, and cardiovascular system drugs were found to be the therapeutic groups most frequently associated with DILI cases, both DILI resulting in hospitalisation and DILI in-hospital.
Relevant Factors of Logistic Regression Models
In relation to the relevant factors included in the logistic regression models in terms of pattern and severity, the findings published in the literature by the Hy’s law and phenotype standardisation (Temple, 2006; Aithal et al., 2011) were confirmed. In the scientific literature, the RUCAM (Danan and Teschke, 2018) considers age a risk factor; however, no relationship between age and DILI in the explanatory models was found, despite the fact that the calculated incidence was greater than the general incidence reported in previous studies (Sgro et al., 2002; Bjornsson et al., 2013; Yang et al., 2017). Ethnicity has been reported as a risk factor, but unfortunately, it was not included in the data collection. Other risk factors such as alcoholism, chronic hepatitis, diabetes, human immunodeficiency virus infection, malnutrition, pregnancy and tuberculosis have been related to DILI but as risk contributors when associated with certain medications (Zimmerman, 1986; Bruno et al., 2005; Núñez, 2006; Rosenberg et al., 2007; Snijdewind et al., 2012). In our study, renal function impairment and the use of anti-infective drugs were found to be associated with DILI in polypharmacy and in-hospital DILI, respectively. Reduction of renal clearance with age is the most relevant and predictable change in drug pharmacokinetic, reducing the threshold dose needed to initiate cellular damage, especially in association with comorbidities and polypharmacy (Lucena et al., 2020). Antimicrobial ranks as the first causative drug class in several large cohorts of patients with DILI, and antimicrobial usage is much higher in older adult patients (Lucena et al., 2009; Bjornsson et al., 2013; Chalasani et al., 2015).
Strengths and Limitations
Compared with the spontaneous reporting system (in which recognising an ADR can be difficult, only 1–10% of ADRs are spontaneously reported), the prospective pharmacovigilance programmes help to improve the detection of ADRs, the diagnosis of the causal drug and the reporting of ADRs, with high quality information on the ADRs and early identification before they can cause serious damage (Evans et al., 1994). The availability of clear denominators allows in pharmacovigilance programmes to calculate the incidence rate of ADRs. This study was conducted on an underrepresented population (older adults) and detected a specific type of adverse drug reaction (i.e., DILI) with a prospective follow-up using PPLSH. One of the study’s limitations lies in the fact that the data collection in the Getafe University Hospital was conducted only in the geriatric department, and therefore not over 65 years of age admitted to other departments were included, as in La Paz University Hospital. Secondly, there were different follow-up periods between the two hospitals, although when comparing them there were no statistical differences. Another important limitation is that certain DILI might have been lost in the search for alternative causes, as well as DILI attributed to an identifiable alternative cause. Our definition of ALS to detect DILI was based on the CDER-PhRMA-AASLD Conference, 2000 (EMEA, 2010). However, these parameters have been updated in 2011 because they were not specific enough to adequately detect clinically relevant liver lesions, prevent the inappropriate withdrawal of medications, and decrease the unnecessary study of hepatotoxicity, which could explain a higher incidence in our study, considering that the previous DILI definition had a higher sensitivity than the 2011 update (Aithal et al., 2011). Similarly, the RUCAM employed to assess the causality of the drugs was initially defined in the scientific literature in 1993 (Tegeder et al., 1999), and has been updated in 2016 (Danan and Teschke, 2016; Danan and Teschke, 2019), with the specification of grams of alcohol consumption, the inclusion of Hepatitis E virus biomarkers, and the addition of a simplified element management to further reduce inter-observer variability (Danan and Teschke, 2018). However, the updated 2016 RUCAM was not employed; the prospective data collection, paired with the extensive follow-up, the availability of a dedicated clinical pharmacologist and the sensitivity of the treating physicians involved in the data collection conferred a high-quality causality classification method to our study.
CONCLUSION
Through PPLSH we were able to follow-up a specific population in an ADR of interest (DILI in elderly patients). A higher incidence of DILI, mild severity, prolonged hospital stay, good outcome, and a hepatocellular pattern, with 72.7% of the DILI developing during hospitalisation were found. Also, the general incidence of DILI per hospitalisation, and the most frequent causal drugs (paracetamol, amoxicillin-clavulanate and atorvastatin) were reported. This type of proactive drug surveillance favours the creation of explanatory models of risk factors and helps to better monitor DILI in some of the most vulnerable and underrepresented populations. This surveillance not only increases our knowledge of DILI in this population but also improves their detection, the diagnosis of the culprit drugs and the notification of DILI.
DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available contacting the corresponding authors.
AUTHOR CONTRIBUTIONS
The three corresponding authors (LP, JAC, and ER) participated in the design, data collection, statistical analysis and writing of this article. OL and LR-M participated in the design of the study and the article writing. DG-R participated in the writing and edition. JF participated in the design.
ACKNOWLEDGMENTS
The authors are grateful to the Clinical Pharmacology department of the La Paz University Hospital, the clinical pharmacologist of the Biomedical Research Foundation at the Getafe University Hospital and the Geriatric department of Getafe University Hospital for their contribution to the study. The authors would like to thank Morote.net for their help in editing the manuscript.
REFERENCES
 Aithal, G. P., Watkins, P. B., Andrade, R. J., Larrey, D., Molokhia, M., Takikawa, H., et al. (2011). Case definition and phenotype standardization in drug-induced liver injury. Clin. Pharmacol. Therapeutics . 89 (6), 806–815. doi:10.1038/clpt.2011.58
 Andrade, R. J., Lucena, M. I., Fernandez, M. C., Pelaez, G., Pachkoria, K., Garcia-Ruiz, E., et al. (2005). Drug-induced liver injury: an analysis of 461 incidences submitted to the Spanish registry over a 10-year period. Gastroenterology 129 (2), 512–521. doi:10.1016/j.gastro.2005.05.006
 Andrade, R. J., Lucena, M. I., Kaplowitz, N., García-Muņoz, B., Borraz, Y., Pachkoria, K., et al. (2006). Outcome of acute idiosyncratic drug-induced liver injury: long-term follow-up in a hepatotoxicity registry. Hepatology (Baltimore, Md.) . 44 (6), 1581–1588. doi:10.1002/hep.21424
 Bagheri, H., Michel, F., Lapeyre-Mestre, M., Lagier, E., Cambus, J. P., Valdiguie, P., et al. (2000). Detection and incidence of drug-induced liver injuries in hospital: a prospective analysis from laboratory signals. Br. J. Clin. Pharmacol . 50 (5), 479–484. doi:10.1046/j.1365-2125.2000.00282.x
 Bjornsson, E., and Davidsdottir, L. (2009). The long-term follow-up after idiosyncratic drug-induced liver injury with jaundice. J. Hepatol . 50 (3), 511–517. doi:10.1016/j.jhep.2008.10.021
 Bjornsson, E. S., Bergmann, O. M., Bjornsson, H. K., Kvaran, R. B., and Olafsson, S. (2013). Incidence, presentation, and outcomes in patients with drug-induced liver injury in the general population of Iceland. Gastroenterology 144 (7), 1419–1425. doi:10.1053/j.gastro.2013.02.006
 Bruno, S., Maisonneuve, P., Castellana, P., Rotmensz, N., Rossi, S., Maggioni, M., et al. (2005). Incidence and risk factors for non-alcoholic steatohepatitis: prospective study of 5408 women enrolled in Italian tamoxifen chemoprevention trial. BMJ (Clin. Res. ed.) . 330 (7497), 932. doi:10.1136/bmj.38391.663287.E0
 Caliz, I., Robles-Diaz, M., Garcia-Munoz, B., Stephens, C., Ortega-Alonso, A., Garcia-Cortes, M., et al. (2016). Definition and risk factors for chronicity following acute idiosyncratic drug-induced liver injury. J. Hepatol . 65 (3), 532–542. doi:10.1016/j.jhep.2016.05.003
 Cano-Paniagua, A., Amariles, P., Angulo, N., and Restrepo-Garay, M. (2019). Epidemiology of drug-induced liver injury in a University Hospital from Colombia: updated RUCAM being used for prospective causality assessment. Ann. Hepatol . 18 (3), 501–507. doi:10.1016/j.aohep.2018.11.008
 Center for Drug Evaluation and Research (2019). Drug-induced liver injury: premarketing clinical evaluation. Center for Drug Evaluation and Research, FDAAvailable at: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/drug-induced-liver-injury-premarketing-clinical-evaluation (Accessed November 9, 2020). 
 Chalasani, N., and Bjornsson, E. (2010). Risk factors for idiosyncratic drug-induced liver injury. Gastroenterology 138 (7), 2246–2259. doi:10.1053/j.gastro.2010.04.001
 Chalasani, N., Bonkovsky, H. L., Fontana, R., Lee, W., Stolz, A., Talwalkar, J., et al. (2015). Features and outcomes of 899 patients with drug-induced liver injury: the DILIN prospective study. Gastroenterology 148 (7), 1340–1352.e7. doi:10.1053/j.gastro.2015.03.006
 Cotreau, M. M., von Moltke, L. L., and Greenblatt, D. J. (2005). The influence of age and sex on the clearance of cytochrome P450 3A substrates. Clin. Pharmacokinet . 44 (1), 33–60. doi:10.2165/00003088-200544010-00002
 Council for International Organizations of Medical SciencesDrug-induced liver injury (DILI): Current status and future directions for drug development and the post-market setting’. Geneva: Council for International Organizations of Medical Sciences (CIOMS). https://cioms.ch/publications/product/drug-induced-liver-injury/ (Accessed October 30, 2020), 160. 
 Danan, G., and Benichou, C. (1993). Causality assessment of adverse reactions to drugs–I. A novel method based on the conclusions of international consensus meetings: application to drug-induced liver injuries. J. Clin. Epidemiol . 46 (11), 1323–1330. doi:10.1016/0895-4356(93)90101-6
 Danan, G., and Teschke, R. (2018). Drug-induced liver injury: why is the Roussel Uclaf causality assessment method (RUCAM) still used 25 Years after its launch?. Drug Safety 41 (8), 735–743. doi:10.1007/s40264-018-0654-2
 Danan, G., and Teschke, R. (2019). Roussel Uclaf causality assessment method for drug-induced liver injury: present and future. Front. Pharmacol . 10, 853. doi:10.3389/fphar.2019.00853
 Danan, G., and Teschke, R. (2016). RUCAM in drug and herb induced liver injury: the update. Int. J. Mol. Sci . 17 (1), 14. doi:10.3390/ijms17010014
 Danjuma, M. I., Almasri, H., Alshokri, S., Khir, F. K., Elmalik, A., et al. (2020). Avoidability of drug-induced liver injury (DILI) in an elderly hospital cohort with cases assessed for causality by the updated RUCAM score. BMC Geriatrics . 20 (1), 346. doi:10.1186/s12877-020-01732-3
 de Abajo, F. J., Montero, D., Madurga, M., and García Rodríguez, L. A. (2004). Acute and clinically relevant drug-induced liver injury: a population based case-control study. Br. J. Clin. Pharmacol . 58 (1), 71–80. doi:10.1111/j.1365-2125.2004.02133.x
 De Valle, M. B., Av Klinteberg, V., Alem, N., Olsson, R., and Bjornsson, E. (2006). Drug-induced liver injury in a Swedish University hospital out-patient hepatology clinic. Aliment. Pharmacol. Therapeutics ., 24 (8), 1187–1195. doi:10.1111/j.1365-2036.2006.03117.x
 Douros, A., Bronder, E., Andersohn, F., Klimpel, A., Thomae, M., Sarganas, G., et al. (2015). Drug-induced liver injury: results from the hospital-based Berlin Case-Control Surveillance Study. Br. J. Clin. Pharmacol . 79 (6), 988–899. doi:10.1111/bcp.12565.38.Medina-
 EMEA (2010). Reflection paper on non-clinical evaluation of drug-induced liver injury (DILI). EMEA/CHMP/SWP/150115/2006. Available at: https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-non-clinical-evaluation-drug-induced-liver-injury-dili_en.pdf(Accessed November 10 2020). 
 Evans, R. S., Pestotnik, S. L., Classen, D. C., Horn, S. D., Bass, S. B., and Burke, J. P. (1994). Preventing adverse drug events in hospitalized patients. Ann. Pharmacother . 28 (4), 523–527. doi:10.1177/106002809402800417
 FDADrug induced liver injury rank (DILIrank) dataset (2020). FDAAvailable in: https://www.fda.gov/science-research/liver-toxicity-knowledge-base-ltkb/drug-induced-liver-injury-rank-dilirank-dataset (Accessed November 9 2020). 
 Fontana, R. J., Hayashi, P. H., Barnhart, H., Kleiner, D. E., Reddy, K. R., Chalasani, N., et al. (2015). Persistent liver biochemistry abnormalities are more common in older patients and those with cholestatic drug induced liver injury. Am. J. Gastroenterol . 110 (10), 1450–1459. doi:10.1038/ajg.2015.283
 Friis, H., and Andreasen, P. B. (1992). Drug-induced hepatic injury: an analysis of 1100 cases reported to the Danish Committee on Adverse Drug Reactions between 1978 and 1987. J. Int. Med . 232 (2), 133–138. doi:10.1111/j.1365-2796.1992.tb00562.x
 Ghabril, M., Gu, J., Yoder, L., Corbito, L., Ringel, A., Beyer, C. D., et al. (2019). Development and validation of a model consisting of comorbidity burden to calculate risk of death within 6 Months for patients with suspected drug-induced liver injury. Gastroenterology 157 (5), 1245–1252.e3. doi:10.1053/j.gastro.2019.07.006
 Herrlinger, C., and Klotz, U. (2001). Drug metabolism and drug interactions in the elderly. Best Prac. Res. Clin. Gastroenterol . 15 (6), 897–918. doi:10.1053/bega.2001.0249
 Hunt, C. M., Yuen, N. A., Stirnadel-Farrant, H. A., and Suzuki, A. (2014). Age-related differences in reporting of drug-associated liver injury: data-mining of WHO Safety Report Database. Regul. Toxicol. Pharmacol . 70 (2), 519–526. doi:10.1016/j.yrtph.2014.09.007
 Ibanez, L., Perez, E., Vidal, X., and Laporte, J. R. (2002). Prospective surveillance of acute serious liver disease unrelated to infectious, obstructive, or metabolic diseases: epidemiological and clinical features, and exposure to drugs. J. Hepatol . 37 (5), 592–600. doi:10.1016/s0168-8278(02)00231-3
 ICH (2003). Guideline on E2D postapproval safety data management: definitions and standards for expedited reporting. London: CPMP/ICH/3945/03. Available at https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-12.pdf (Accessed November 9, 2020). 
 Kang, Y., Kim, S. H., Park, S. Y., Park, B. Y., Lee, J. H., An, J., et al. (2020). Evaluation of drug-induced liver injury developed during hospitalization using electronic Health record (EHR)-Based algorithm. Allergy, Asthma Immunol. Res . 12 (3), 430–442. doi:10.4168/aair.2020.12.3.430
 Kowal, P., Goodkind, D., and He, W. (2016). An aging World: 2015, international population reports. Washington DC: U.S. Government Printing Office. Available at: http://www.census.gov/library/publications/2016/demo/P95-16-1.html (Accessed November 9, 2020). 
 Larrey, D. (2000). Drug-induced liver diseases. J. Hepatol . 32 (Suppl. 1), 77–88. doi:10.1016/s0168-8278(00)80417-1
 Larrey, D. (2002). Epidemiology and individual susceptibility to adverse drug reactions affecting the liver. Semin. Liver Dis . 22 (2), 145–155. doi:10.1055/s-2002-30105
 Levy, M., Azaz-Livshits, T., Sadan, B., Shalit, M., Geisslinger, G., and Brune, K. (1999). Computerized surveillance of adverse drug reactions in hospital: implementation. Eur. J. Clin. Pharmacol . 54 (11), 887–892. doi:10.1007/s002280050571
 Lucena, M. I., Andrade, R. J., Kaplowitz, N., Garcia-Cortes, M., Fernandez, M. C., Romero-Gomez, M., et al. (2009). Phenotypic characterization of idiosyncratic drug-induced liver injury: the influence of age and sex. Hepatology . 49 (6), 2001–2009. doi:10.1002/hep.22895
 Lucena, M. I., Sanabria, J., García-Cortes, M., Stephens, C., and Andrade, R. J. (2020). Drug-induced liver injury in older people. Lancet Gastroenterol Hepatol . 5 (9), 862–874. doi:10.1016/S2468-1253(20)30006-6
 Meier, Y., Cavallaro, M., Roos, M., Pauli-Magnus, C., Folkers, G., Meier, P. J., et al. (2005). Incidence of drug-induced liver injury in medical inpatients. Eur. J. Clin. Pharmacol . 61 (2), 135–143. doi:10.1007/s00228-004-0888-z
 National Institute of Diabetes and Digestive and Kidney DiseasesLiverTox: clinical and research information on drug-induced liver injury (2012). Bethesda (MD): National Institute of Diabetes and Digestive and Kidney DiseasesAvailable at: https://www.ncbi.nlm.nih.gov/books/NBK548236/ (Accessed November 9, 2020), Atorvastatin. [Updated 2017 Aug 3]. [Internet]. 
 Núñez, M. (2006). Hepatotoxicity of antiretrovirals: incidence, mechanisms and managementJ. Hepatol . 44 (Suppl. 1), S132–S139. doi:10.1016/j.jhep.2005.11.027
 Onji, M., Fujioka, S-I., Takeuchi, Y., Takaki, T., Osawa, T., Yamamoto, K., et al. (2009). Clinical characteristics of drug-induced liver injury in the elderly. Hepatol. Res.: The Official J. Japan Soc. Hepatol . 39 (6), 546–552. doi:10.1111/j.1872-034X.2009.00492.x
 Ramirez, E., Carcas, A. J., Borobia, A. M., Lei, S. H., Pinana, E., Fudio, S., et al. (2010). A pharmacovigilance program from laboratory signals for the detection and reporting of serious adverse drug reactions in hospitalized patients. Clinical pharmacology and therapeutics , 87 (1), 74–86. doi:10.1038/clpt.2009.185
 Ramirez, E., Medrano-Casique, N., Tong, H. Y., Bellon, T., Cabanas, R., Fiandor, A., et al. (2017). Eosinophilic drug reactions detected by a prospective pharmacovigilance programme in a tertiary hospital. Br. J. Clin. Pharmacol . 83 (2), 400–415. doi:10.1111/bcp.13096
 Ramirez, E., Rodriguez, A., Queiruga, J., Garcia, I., Diaz, L., Martinez, L., et al. (2019). Severe hyponatremia is often drug induced: 10-year results of a prospective pharmacovigilance program. Clin. Pharmacol. Therapeutics . 106 (6), 1362–1379. doi:10.1002/cpt.1562
 Ramirez, E., Rossignoli, T., Campos, A. J., Munoz, R., Zegarra, C., Tong, H., et al. (2013). Drug-induced life-threatening potassium disturbances detected by a pharmacovigilance program from laboratory signals. Eur. J. Clin. Pharmacol . 69 (1), 97–110. doi:10.1007/s00228-012-1303-9
 Rosenberg, P., Urwitz, H., Johannesson, A., Ros, A-M., Lindholm, J., Kinnman, N., et al. (2007). Psoriasis patients with diabetes type 2 are at high risk of developing liver fibrosis during methotrexate treatment. J. Hepatol . 46 (6), 1111–1118. doi:10.1016/j.jhep.2007.01.024
 Sgro, C., Clinard, F., Ouazir, K., Chanay, H., Allard, C., Guilleminet, C., et al. (2002). Incidence of drug-induced hepatic injuries: a French population-based study. Hepatology 36 (2), 451–455. doi:10.1053/jhep.2002.34857
 Snijdewind, I. J. M., Smit, C., Godfried, M. H., Nellen, J. F. J. B., de Wolf, F., Boer, K., et al. (2012). Hcv coinfection, an important risk factor for hepatotoxicity inpregnant women starting antiretroviral therapy. J. Infect . 64 (4), 409–416. doi:10.1016/j.jinf.2011.12.012
 Tegeder, I., Levy, M., Muth-Selbach, U., Oelkers, R., Neumann, F., Dormann, H., et al. (1999). Retrospective analysis of the frequency and recognition of adverse drug reactions by means of automatically recorded laboratory signals. Br. J. Clin. Pharmacol . 47 (5), 557–564. doi:10.1046/j.1365-2125.1999.00926.x
 Temple, R. (2006). Hy’s law: predicting serious hepatotoxicity. Pharmacoepidemiol. Drug Saf . 15 (4), 241–243. doi:10.1002/pds.1211
 Temple, R. J., and Himmel, M. H. (2002). Safety of newly approved drugs: implications for prescribing. J. Am. Med. Assoc . 287 (17), 2273–2275. doi:10.1001/jama.287.17.2273
 Teschke, R. (2018). Top-ranking drugs out of 3312 drug-induced liver injury cases evaluated by the Roussel Uclaf causality assessment method. Expet. Opin. Drug Metabol. Toxicol . 14 (11), 1169–1187. doi:10.1080/17425255.2018.1539077
 Vega, M., Verma, M., Beswick, D., Bey, S., Hossack, J., Merriman, N., et al. (2017). The incidence of drug- and herbal and dietary supplement-induced liver injury: preliminary findings from gastroenterologist-based surveillance in the population of the state of Delaware. Drug Saf . 40 (9), 783–787. doi:10.1007/s40264-017-0547-9
 Xu, H. M., Chen, Y., Xu, J., and Zhou, Q. (2012). Drug-induced liver injury in hospitalized patients with notably elevated alanine aminotransferase. World J. Gastroenterol . 18 (41), 5972–5978. doi:10.3748/wjg.v18.i41.5972
 Yang, L-X., Liu, C-Y., Zhang, L-L., Lai, L-L., Fang, M., and Zhang, C. (2017). Clinical characteristics of patients with drug-induced liver injury. Chinese medical journal 130 (2), 160–164. doi:10.4103/0366-6999.197995
 Yeboah-Korang, A., Louissaint, J., Tsung, I., Prabhu, S., and Fontana, R. J. (2020). Utility of a computerized ICD-10 algorithm to identify idiosyncratic drug-induced liver injury cases in the electronic medical record. Drug Saf . 43 (4), 371–377. doi:10.1007/s40264-019-00903-5
 Zimmerman, H. J.. (1986). Effects of alcohol on other hepatotoxins. Alcohol Clin. Exp. Res . 10 (1), 3–15. doi:10.1111/j.1530-0277.1986.tb05605.x
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Pedraza, Laosa, Rodriguez-Mañas, Gutiérrez-Romero, Frías, Carnicero and Ramírez. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-11-600255-t011.jpg
Variable

Validation of final models

Model Validation 4 fold Validation 5 fold Validation 10 fold
AuC L uL AuC p-value AuC p-value AuC p-value
Type 0.825 0.777 0.872 0.818 0.795 0.819 0.827 0.812 0.590
Severity 0.949 0.924 0.974 0.950 0.924 0.947 0.906 0.946 0.828
During hospitalization 0.756 0711 0.800 0.747 0.715 0.754 0.928 0.754 0.945
>4 drugs 0.739 0.685 0.793 0.732 0.804 0.728 0.677 0.721 0.512
>10 drugs 0.638 0.682 0.694 0.638 0.980 0.601 0.194 0.612 0.358

AUC, area under the curve; LL, lower limit of 95% confidence interval; p-value, statisticalsignificance; UL, upper limit of 95% confidence interval; 4-fold, 4-fold cross validation; 5-fold, 5-foldl

cross validation: 10-fold, 10-fold cross validation.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Drug Induced Liver Injury in Geriatric Patients Detected by a Two-Hospital Prospective Pharmacovigilance Program: A Comprehensive Analysis Using the Roussel Uclaf Causality Assessment Method		Introduction

		Materials and Methods		Setting

		Definition of Automatic Laboratory Signal

		Observation Periods

		Detection, Evaluation and Notification

		Drug-Induced Liver Injury Definition

		Causality Assessment

		Collection of Patient Data

		Drug Consumption

		Laboratory Test Results

		Data Analysis





		Results		Incidence and Length of Stay

		Characteristics of Patients With Drug-Induced Liver Injury

		Culprit Drugs

		Relevant Factors of Logistic Regression Models





		Discussion		Incidence and Length of Stay

		Characteristics of Patients With Drug-Induced Liver Injury

		Characteristics of Drug-Induced Liver Injury Cases

		Culprit Drugs

		Relevant Factors of Logistic Regression Models

		Strengths and Limitations





		Conclusion

		Data Availability Statement

		Author Contributions

		Acknowledgments

		References









OPS/images/fphar-11-600255-t010.jpg
Variable

() Type (hepatocellular vs. Cholestatic/mixed)
Max ALT (U)
Max ALP (U)
Baseline GGT (UL)
AUC
(B) Severity (severe vs. moderate/mild)
Max ALT(UL)
Max TB (mg/d)
AUC
(C) DILI during vs. resulting in hospitalization
Group J
Group N
Max ALT (ULL)
Max T8 (U
AUC
(D) DILI by > 4 drugs vs. < 4 drugs
Group N
Max creatinine (mg/d)
Baseline TB (mg/d))
AUC
(E) DILI by > 10 drugs vs. < 10 drugs
Group J
Baseline creatinine (mg/d)
Max BT (mg/d)
AUC

p-value

1.9E-05
7.5E-05
3.7E-04

2.14E-04
255E-17

23E-04
0007

1.4E-04

30E-04

0.012
0.002
0.050

0.002
0.044
0.017

OR

1.069
0.789
0.673
0.825

1.050
4.146
0.949

2,662
2.331
0.963
0941
0.756

0.448
2.007
0.744
0.739

2.083
1.779
0.946
0.638

Lo

1.037
0.702
0.541
0.777

1.023
2.983
0.924

1.578
1.259
0.945
0911
0711

0.240
1.279
0.554
0.685

1.307
1.015
0.904
0.582

uL

1.102
0.887
0.837
0.872

1.078
5.763
0.974

4.459
4.314
0.982
0.973
0.800

0.835
3.149
1.000
0.793

3.320
3.119
0.990
0.694

AUC, area under the curve; ALT, aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutemy transferase; Group J, anti-ifectives for systemic use; Group N, central nervous

system drugs; LL, lower limit of 95% confidence interval: OR, odds ratio; TB, total bilirubin; p-value, statistical significance; UL, upper limiter of 95% confidence interval.
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Variable Groups Group GroupC Group- Group- Group- Group- Other -
v 3 ™ A goups vl
Mean/n /% Mean/n  SOf%  Mean/n SOf%  Mean/ SOf% Mean/ SDf% Mean SOf%  Mean/ SOM% Mean SO/%
n n /n n /n
Numberof cases. 201 345 121 208 78 134 61 105 39 6.7 36 62 33 57 13 22
Age (years) 763 82 7.0 74 %3 75 76 12 183 80 768 93 782 60 757 79 0020
Sex (female) S0 @3 7m0 &5 w0 a4 00 @2 20 2 B0 @5 180 56 100 79 03
Oiliduringhospitalisation 156 776 Fra— @ se  w ss w  ms % 72 16 485 8 615 0w
Hospital stay. days W7 me 13 w2 w2z W9 09 w1 75 s DI d6s 12 w5 B0 %0 022
Historyof No 1740 866 1080 893 740 843 480 787 350 87 330 917 330 100 120 %3 0067
ADR Yes mo B4 B0 17 40 51 B0 23 40 13 30 83 00 00 10 77
Tvee  Hemocdus 90 478 @0 50 40 597 20 415 20 62 150 42 20 606 80 615  01ed
Vined a0 s W0 s 50 17 40 80 60 B4 60 14 30 91 30 Bi
Gholesttc 620 308 340 281 20 %6 180 25 60 154 140 400 100 303 20 156
Numberofdrugs 44 7.7 a4 85 37 03 43 72 34 83 36 77 38 75 38 0023
Polypharmacy® 86 80 736 660 845 540 885 300 763 290 806 280 848 100 769 0846
RUCAM  Highly 20 557 eto S04 460 90 310 o8 90 487 20 611 230 7 80 6is 047
classificatic probable
n Probable 89.0 443 59.0 48.8 320 410 300 49.2 20.0 513 14.0 389 100 303 5.0 385
Possible 00 00 10 08 00 00 00 00 00 00 00 00 00 00 00 00
Severity  Mild B e Era— 3 s 3% s0 2 4w 5 15 44 7 s 0065
Moderate s 1w us ® w2 15 us s w1 7 Ba  n w3 & 2
Severe s 7s n o [ ) 7 ma 12 2 ss s w2 o0 o
Fatal 7 as T s 3 s ERT) o o0 o o 1 sm 0 o
Outcome _ Recovered e 08 92 @ @m0 s ma 3 sy 3 w2 2 ms  u o 08
Fatal 7 s PR FRET) s s o o0 o o T ;0 o
Unrelateddea
- 5. 74 1 e w026 1 s 152 1
Sequel 00 00 00 17 00 00 00 00 10
previousiv o 60 %25 130 a4 £ 00 30 50 99 100 %9 016
erdisease ves F 80 66 B1 00 30 20 61 30 @1
Weight. K. B2 61 169 160 57 &3 722 16 70 105 o047
 Height.cm FET R 81 [ i1 103 1608 126
‘Albumin in blood 05 0s 05 33 33 06 33 06
BMI 61 57 47 281 291 266
Hypertensi No 284 81 85 60 70 40 0849
p Yes 76 19 65 300 360 50
Oysiipemia o 0 @7 70 66 s 74 180 B0 545 50 wa 005
Yes 0 343 40 34 361 35 180 10 4ss 40 308
oM o W0 ;1 %0 s 70 36 250 10 a5 90 692 00%
Yes se0 269 20 215 70 54 110 180 ses 40 308
Smoker No. 1290 642 920 76.0 705 76.9 230 240 727 120 923 oin1
Yes 70 08 50 66 66 5140 50 91 10 a7
Former S0 m4 7o 174 70 FENT) G0 12 00 00
Alcoholis No. 1580 107.0 884 95.1 923 290 27.0 818 120 923 0082
m ves 30 B4 0 74 s 7 s0 S0 12 10 17
Former 20 60 50 a1 33 00 10 10 30 00 00
Hepatitis No 201 100 1190 983 %.7 00 350 20 970 10 93 0224
chronificati Yes a0 00 0 17 20 33 00 10 10 30 10 77
on
Recorded NO 86.0 430 840 533 220 282 300 492 250 64.1 160 444 7.0 212 40 308 0104
HTinDR  ves 740 0 se0 467 se0  7a 30 s0s  1a0 39 00 556 260 788 90 692
Recorded No 1250 625 850 708 440 s64 390 639 290 744 230 639 190 516 60 462 0589
DiinDR  Yes 70 a5 0 2 340 436 220 %1 00 256 130 31 140 424 70 538
Numberof times ULN
A Daseline % o5 66 03 7 64 o7 o4 05 03 05 03 67 08 05 05 0o
54 14 95 @35 da0 w3 13 2 11 163 73 86 %2 31 10 21 00l
16 0 05 os 12 12 36 7 14 33 10 i1 25 38 11 12 omt
Change per 053 12 070 22 000 078 145 41 060l 071 034  Ose 326l 940 15U 299 4led
dayin ALT 0oz 008 o0z 013 001 003 03 18 0017 007 0007 002 011 072 003 o1 0060
Max - Rec 0.828 420 053 1.09 0657 117 2225 124 0685 106 -0.410 051 1221 194 1477 384 0585
o Baseline 13 0 15 16 16 19 12 04 13 04 12 03 13 04 13 06 054
Maximum 50 w05 55 a4 62 57 63 12 78 %5 28 21 72 w2 63 83 0%
Recovered 14 06 4 os 1721 2 s1  1s 09 14 06 14 05 15 05 0z0
Changeper  Ba-Max 0180 060 0971 557 091 601 075 33 03 093 0105 013 0527 361 051 139 0835
doyinlDH  Ba-Rec 0002 005 003 015 002 015 0134 093 005 029 0002 00l 0001 0005 0002 0050 0405
Max-Rec 0519 279 0310 057  08% 350 0872 355 0430 080 01l 014 043 0905 04% 072 0862
e Baseline 1 os 11 06 77 s 1o 05 11 04 10 04 1o 04 10 04 0308
a5 s 535 28 a0 63 37 a8 28 20 31 21 43 36 28 34 0389
A 15 14 14 13 14 12 14 09 15 10 16 12 14 08 osw
Change per 0155 0297 0126 026  00% 023 005 005 0064 0104 0071 007 0083 0105 0048 0069 0183
dayinALP  Ba-Rec 0014 006 0005 015 0010 004 0005 002 0005 002 0005 002 0044 0257 0012 003 0274
Max-Rec 0130 031 000 013 003 006 0069 007 004 010 0075 011 0120 0155 0092 0134 0351
[ Baseline. 11 o4 10 06 12 04 1 03 1 03 11 o4 11 02 11 02 o5
Maximum a5 ao 1710 22 10 22 15 19 13 20 11 26 24 21 10 084
Recovered 11 os 10 o 15 05 11 06 11 04 10 03 12 05 10 03 0006
Changeper  Ba-Max 0749 825 00% 015 0091 016 008 014 00s 0070 0109 015  00s1 0155 0089 0108 094
dayinCr  Ba-Rec 2364 0021 0004 003 0003 003 007 007 0001 0015 0001 001 0004 0017 0001 003 0554
Max-Rec 032 2985 Oz 020  Ou2 013 016 025 0I5 0is 0144 02 037 151 0il2 018 0975
™ Bascline 13 16 14 10 18 a2 12 06 13 05 13 08 15 08 10 04 odr
Maximum 67 125 58 55 83 B3 66 101 34 26 53 95 87 Mz 41 22 010
Recovered 15 50 13 13 52 ss 21 40 13 07 12 10 25 53 13 07 o1
Changeper _ Ba-Max 053 1237 032 0501 043z 1050 0724 2501 013 0151 0ass 0773 0610 10&z 068 1375 0519
dayinTB  Ba-Rec 0003 007 007 0060 0015 0084 003 0218 001 0069 0015 0055 0009 0050 0025 0065 0034
Max-Rec 045 0822 0295 0372 0465 0615 0547 068 02 036 0407 0503 0843 069 041 062 0164
Ea Baseline 19 28 1 28 21 27 14 08 15 14 17 25 26 47 22 25 068
Maimum 183 206 62 i1 21 %7 155 25 00 77 179 11 216 25 190 719 040
Recovered 44 69 30 42 5.7 1.5 41 54 20 17 38 55 50 48 40 30 022
Change per Ba - Max 0846 1163 0943 2532 0.707 1383 0998 3512 0561 0918  0.629 0.620 1479 4172 1112 1649 079
dayinGST  BaRec  007% 0206 0022 0121 008 030 0% 0118 0015 00% 0007 0066 0027 012 00&2 007 0294
Max-Rec 073 150 0% 063 070 1e33 053 0730 0200 022 0505 0758 094 1297 1362 3020 0153
TPAC Baseline 1m0z ! 10 02 11 01 11 02 11 01 1o o1 11 01 o007
Maximum [ ) 08 03 06 03 08 03 0s 04 08 03 07 03 08 03 00%
Recovered 10 o2 0 10 02 10 0z 11 01 10 o1 11 o1 11 02 0ls
Changeper  Ba-Max 004 0084 004 0077 00 0108 0022 005 003 0047 004 005 0068 0103 0058 0068 0366
day in TPAC Ba- Rec 0001 0014 4.66E-4 0021 145€-3 0026  -0003 0.013 0002 0031 -0.007 0022 0006 0020 -0001 0010 0298
Max-Rec 0063 017 0065 0115 006 0088 0034 0051 013 085 00% 0170 00 007 0053 005 0087
o Baseline 10 00 10 00 10 00 10 00 10 00 10 00 10 00 10 00 0w
Maximum 10 00 10 00 10 00 10 00 10 00 1o 00 10 00 10 00 0%
Recovered 1001 0007 059 0008 1001 000 1001 0006 1002 000 0% 0005 1001 0005 1000 001 0118
Changeper  Ba-Max  0.0002 0007  -434E4 0009  -0001 0006 0003 0010 10164 0007 0001 0007 -0003 0005 745 0002 0778
dayinpH  Ba-Rec 19604 000 29864 0002 4575 0001 Z@Je4 0001 14 0002 0001 0002 0001 0003 065 87ES 0376
Max-Rec 0003 00l 0004 0013 0002 0013 0003 0009 0062 000 0004 0009 0007 0022 0017 003 0472
fo. Baselne 04 06 05 06 03 03 02 03 04 04 05 07 05 08 oz 0z o0
Maximum w13 0 a7 13 14 12 14 15 17 15 23 18 33 12 07 osas
Recovered 06 19 os 23 o0s ©0s 03 03 05 05 05 05 06 0s 04 04 o7
Changeper  Ba-Max 0287 155 0263 055 01 023 015 018  Olss 024 0221 0a0  Olee 0202 0272 0303 0569
dayinko.  Ba-Rec 0017 012 006 0202 0012 0077 0001 0025 0013 00 0015 008 000z 005 004 013 0570
Max-Rec 0214 082 029 063 019 039 033 LU8 015 020 0104 0183 0251 0709 0005 0129 0888

Group ATC: A, Digestive system and metabolism 8, 8locd and hematopofetic organs; C, Cardiovascuiar system J, Antiinfective in general for systemic use; L, Antineoplastic and immunomodulating agents; M-
Musculoskeletal system;N, nervous system; Other groups: (H-Systemic hormonal preparations,exc. Sex hormones. R - Respiatorysystern. G - Genitourinary system and sex hormones. V- Various. D - Dermatological dugs.
P-Antiparasitic products,inecticides and repellent) Avbreviaions: a-Baseine; B, body massindex;C, Creatinine (mdl DL, Drugs induce iveinury: DV, Dibetes melitus; Eo - Eosinophil (107, HT, Hypertiansaminasemia;
‘DR~ discharge records; LT, alaninoaminotrasnferasa(U/L; ALP- lkaine phosphatase (UL GGT-gamme-glutamy ransferasa (U1 LOH- actatodeshidrogenasa (U/L; iax- Maximum; Mean/, mean or number as appropriate Rec-
Mool Mol maniul divine Swishas, siaificaios, T Al BN IR YL « thanfiapiuitionciiaitl: Sk i diintion crrinsslns o spsiis
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Drugs

Piperacilin-Tazobactam
Meropenem
Atorvastatin
Ceftriaxone:
Cephazolin
Amoxicilin Clawianic
Methotrexate
Paracetamol
Enoxaparin
Dexketoprofen
Levofloxacin
Metamizole

No. of HULP/DH Cases

15
15
21
15
20
27
10
a2
15
16
10
15

ATC

JOICROS.
Jo1DHO2
C10A405
J01DD04
J1DBO4

J01CR02 P1
L04AX03
NO2BEO1
BO1ABOS
MOTAE17
JOIMAT2
N02BB02

"DILI ony dlring hospitaizaton; Al consumption cakculations are i grams.
DILI, drug-induced iver injury; DH, ding hospitaization; ATC, anatomical, therapeutic, chemicalclassifcation system; DD, defined daiy ose; Ci, confidence interval; mg, miligrams; g, grams; O, oral; P, parenteral: R, recta; U,

SRR

DDD (U) VIA

1409 P
3@ P
20 (mg) O
2P
3@ P
1503 P
25 (mg) O
3@ OPR
20U P
75 (mg) O
05 (@) PO
3@POR

Consumption
in DDDs in
DILIDH *

13883
3038
38.05
135
84
1092
67
27.72
58.33
845
231
12

Consumption during the
study period (DDDs)

310,987.11
80,506.56
215,664.00
58,930.00
55,506.00
127,664.02
32,435.43
843,477.48
815,045.61
242,035.29
70,420.00

2,342,993.88

Incidence rate (per
10,000 DDDs)

6696
5660
37.05
3436
3027
2300
2066
1380
1073
557
328
077

95% CI (per 10,000
DDDs)

51.92-83.97
43177272
16-11.66
25.21-49.84
17.79-39.28
4.11-17.08
51.04-83.97
7.65-2223
5.49-18.39
220-11.67
109-877
0.02-369
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Variable

Number of patients, n

Age, years, mean (SD)

Female sex, n (%)

Hospital stay, days, mean (SD)

Nurmber of drugs, mean (SD)

Polypharmacy *, n (%)
Patients taking 5-10 drugs
10 drugs

History of ADR, n (%)

Previous liver disease
Weight (kg), mean (SD)
Height (cm), mean (SD)
Blood albumin, mean (SD)
BMI, mean (SD)
Hypertension, n (%)
Dysiipemia, n (%)
Diabetes, n (%)

Smoking habit, n (%)

Alcoholic habit, n (%)

No
Yes
No
Yes

No

Yes

No

Yes

No

Yes

No
Current
Former
No
Current
Former

Polypharmacy * >4 concomitant drugs.

ADR adverse drug reaction: BM, body mass index:

a4
76.85
240
14.49
8.67
383
208
175
399
42
403
37
70.49
162.93
3.26
27.72
125
316
262
179
314
127
301
42
98
369
52
20

SD, standard deviation.

(7.92)
(5442
(24.15)

@21)
(8684
4719
(39.68)
(90.48)

©52)
(9159

®41)
(15.12)
(7502

(055)

(5.48)
(28.34)
(71.66)
(59.41)
(4059)
(7120
(28.80)
(68.25)

9.52)
(2222)
(8367
(1179

454





OPS/images/fphar-11-600255-t004.jpg
Variable

Number of cases
DILI during hospitalisation
DILI type

RUCAM classification

Severity

Outcome

Hepatitis chronification
Recorded as hypertransaminasernia in DR

DILI recorded in DR

Values are number of cases, n (%).

Hepatocelular
Mixed
Cholestatic
Highly probable
Probable
Possible

Mild

Moderate
Severe

Fatal

Recovered
Transplantation
Death
Unrelated death
Sequelae

No chronification
Chronification
No

Yes

No

Yes

458
316
243
86
127
253
204
1
208
109
36
15
399
o
15
41
3
451
7
192
264
202
164

(69)
(53.29)
(18.86)
(27.85)
(55.24
(44.54)

©022)
(65.06)
(23.79)
(7.86)
@27
(87.11)
(0.00)
@27)
(8.95)
(066)
(98.47)
(153
@2.11)
(57.89)
(64.04)
(35.96)

ADR, adverse drug reaction; DR, discharge records; DILI, drug induced liver injury;
RUCAM. Roussel Uclaf Causality Assessment Method.
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Alanine aminotransferase (ALAT) x 3 times the upper limit of normal (ULN) or
Akaline phosphatase (ALP) level x 2 ULN or

Gamma glutamyl transpeptidase (GGT) x 2 ULN or Bilrubin x 2 times the ULN
Total bilirubin (TB) levels x 2 times the ULN
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DILI RH (n) DILI IH (n)

dd (+/-d) dd (+/~d)
All medical departments 142 316
(n = 458) 841 (+6.44) 852 (179
Internal medicine 45 75
(n = 120) 929 (+4.60) 927 (+17.06)
Traumatology 2 65
(n=67) 36 (+27.4) 3.42 (+212)
Others 25 28
(n =53 666 (+6.26) 7.61 (+25.75)
Haematology 5 3
(n=39) 14.28 (-2.88) 156 (+13.29
Pneumology 2 34
(n=36) 11.05 (+6.45) 108 (+103)
Gastroenterology 27 2
(n=29) 7 (+12.5) 73 (+0.7)
Geriatrics 12 15
(n=217) 379 (+0.79) 515 (+8.36)
Cardiology 5 21
(n=26) 654 (-0.54) 6.43 (+11.66)
Oncology 15 10
(n=25) 13 (+0.17) 109 +7.2)
Neurology 1 20
(n=21) 9.1 (+19) 889 (+32.21)
Surgery 4 11
(n=15) 645 (+36.3) 7.36 (+21.49)

DILI, drug-induced liver injury; DILI RH, mean DILI stays resulting in hospitalisation; DILI
IH, mean DILIin-hospital stays; dd, mean department stay during the study period; +/~,

prolongation of hospitalisation in days.
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Variable Amoxicillin/  Atorvastatin  Cefazoline levofloxacin Paracetamol  Metamizole  Meropenem Others. P
clavulanic value
Mean/ SD/% Mean SD/% Mean/ SD/% Mean/ SD/%  Mean/ SD/% Mean/ SD/% Mean/ SO/% Mean/ SD/%
n /n n n n n n n
Numberof cases 2 37 2 2 50 18 17 2718
Age (vears) 7938 839 7911 835 8000 672 79,10 695 7950 699 7172 678 7006 480 7546 78 166
Sex (female) 0 4762 17 4595 17 8095 9 428 37 74 12 6667 8 4706 142 5108 02
DiLiduringhospi 26 6190 21 5676 20 9524 10 4762 42 84 15 8333 15 8824 189 67,09 037
Istay,days 1069 2013 1064 1957 1698 1939 622 1178 850 697 1089 3367 3678 1536 2630 463
Historyof ADR  No 37 8810 34 9189 20 9524 19 9048 45 90 17 444 14 8235 237 8525 076
Yes 5 119 3 81 1 a4z 2 952 5 10 1 556 3 1765 41 1475
Type  Hepatocelllar 18 4286 19 5135 11 5238 13 6,90 36 72 10 555 7 a8 145 5254 36
WMied 0 2381 6 1622 s 2381 3 1 3 6 2 1un 2 17 s 2101
Cholestatic W Bm 0 nae 5 2381 5 #sl  u 2 6 3333 8 4706 73 2645
Numberofdrugs 798 399 846 336 748 403 95 39 700 415 783 499 900 411 897 421 562
Polypharmacy* 348095 33 8919 17 8095 19 9048 35 70 12 6667 15 8824 237 8525 087
RUCA Highlyprobable 30 7143 25 67,57 5 2381 15 7143 2 M 73889 74118 150 5396 163
m Probable 12 2857 12 3243 16 7619 6 2857 28 56 11 6Ll 10 S8 17 4568
dassifi  Possible o o [ o o Q o o o o 0 [ 0 1 0%
cation
Severi Mild 2 s 20 sa1 18 &7 10 a5 FER ] 14 78 13 765 158 40 00008
% Moderate 1 %2 15 a0s PR 3 286 s 1 3 3 6 25
Severe 7 167 2 se 1 as ) 143 1 2 1 1 2 18
Fatal 3 o o o o 2 95 1 2 o o 10 36
Outco  Recovered 3 s3 3 s 0 w2 16 72 R 18 10 1 sa 27 sa2 007
me Fatal FR) o o o o 2 95 2 2 3 o 3 o 10 36
Unrelateddeath e 4 108 T as 3 143 o o o o 3 e s 102
sequel 3 o o o o o o o 3 o 3 o o o ERET)
Previousliver  No 40 952 37 100 21 100 19 9048 49 98 18 100 15 8824 244 8805 04
disease Yes 2 4% o o o ) 2 952 1 2 ) 3 2 1% 33 na
Weight, Kg 7232 1529 6829 1085 6858 1281 7531 1957 6785 1688 6864 1953 7378 1610 7148 1538 052
Height, em 1997 2020 1598 877 1572 454 15650 2100 15618 83 1581 768 1632 923 1598 961 013
3
Albumin in blood 320 054 341 043 321 047 318 053 335 043 328 048 307 045 323 080 04
BMI 27,79 757 2673 424 2823 540 2908 690 27,79 578 2738 69 27,04 641 2199 520 0%
Hyper No| 10 238 7189 6 2857 4 1905 u 2 4 22 4 2353 88 3165 098
tensio Yes 32 7619 30 8108 15 7143 17 895 39 78 14 7,78 13 7647 190 6835
n
Dyslip No| 8 6667 11 2973 17 14 6667 8 6 8 asaa 10 s8g 176 6331 0058
emia Yes 143333 26 7027 4 7 3333 2 a4 10 555 7 4118 102 3669
om No 29 6905 25 6157 15 13 619 41 82 16 8889 14 8235 19 7050 0579
Yes 133095 12 3243 6 8 3810 9 18 PRRETRTY 3 1765 82 2950
Smok No| 8 6667 20 5405 19 16 7619 41 8 15 8333 11 6471 180 6475 0036
er Yes 2 47 4 1081 1 1 476 1 2 1556 2 1176 32 s
Former 12 2857 13 3514 1 4 1505 8 16 2 11 423535 66 2374
Alcoh No 33 7857 31 8378 2 18 8571 48 9% 17 9444 13 7647 226 8129 0030
olism Yes 4 952 5 1351 [ 3 129 2 4 1 556 3 1765 36 1295
Former 5 1180 1270 [ o 0 0 ) 3 0 ) 1 588 16 57
Hepat NO 2 100 3 9730 2 100 21 100 50 100 18 100 17 100 272 978 0800
chronification Yes 0 o 1270 o o [ [ o 0 o 6 216
Recorded HTin  NO 12619 8 216 19 9048 4 1905 7 74 1 114 4130 0001
R Yes 31 29 2 9% 1 1B 2% 7 162 58,70
Recorded DI NO. 2n 17 0 9524 10 4762 40 80 14 180 6522 0013
inDR Yes n 20 5405 1 4% 1 5238 10 20 4 9% 3478
Numberof times ULN
AT Baselne 059 043 071 048 058 035 057 052 053 030 062 031 06 041 064 043 064
Maximum 1204 207 1055 979 439 214 2082 3180 628 820 823 683 675 35 1160 198 0047
Recovered 124 127 116 101 094 078 514 1724 056 036 072 051 109 099 191 838 051
Chang Ba-Max 040 081 044 065 076 19 096 251 043 045 044 040 0S8 065 117 409 064
e per Ba-Rec 002 004 001 003 001 003 003 004 001 002 000 001 001 002 012 0% 09
dayin Mix-Rec 056 105 055 079 08 118 345 1248 025 041 038 051 032 019 -101 603 056
ALT
LoH Baseline 153 03 125 02 129 031 112 026 135 109 0%
Maximum 716 931 250 156 265 220 287 158 575 129 059
Recovered 162 100 124 033 12 037 132 062 188 474 09
Chang Ba-Max 060 145 008 009 008 008 010 013 066 379 095
e per Ba- Rec 001 002 8E04 00l 6604 001 001 002 003 051 100
dayin Max-Rec 247 826 011 014 007 008 035 055 061 268 041
LOH
AP 1,00
366 .
Recovered 179 116 042 205
Chang 8a - Max 010 009 018 0,10 013
e per Ba- Rec 002 004 022 9E-04 001 001
dayin Max - Rec 010 004 007 005 004 011 077
AP
cr Baselne 112 03¢ 121 035 045 115 043 099 028 102 022 0% 033 114 049 015
Maximum 205 163 219 110 108 235 217 153 073 135 059 18 09 407 269 099
Recovered 1,0 042 126 040 053 115 057 093 030 097 028 094 027 117 065 005
Chang Ba-Max 009 017 007 012 022 o1 020 005 006 004 005 011 009 056 695 100
eper BaRec 000 002 3:03 003 003 00 002 001 001 001 002 000 004 075
dayin Max-Rec 0,12 028 013 015 010 010 008 010 020 007 005 035 258 098
cr
™ Baselne 128 035 135 070 03 12 066 126 059 127 052 09 051 147 260 0%
Maximum 1184 196 678 10,87 305 731 937 270 197 480 823 319 306 59 108 003
Recovered 318 807 266 513 050 140 083 107 044 123 053 092 050 194 524 040
Chang Ba-Max 025 044 024 042 099 078 177 02 041 028 042 052 115 055 159 073
e per BaRec 3603 008 002 008 007 001 003 002 005 003 008 002 006 001 012 03
dayin Max-Rec 073 123 047 057 049 033 032 019 027 039 050 020 020 044 061 004
T
6T Baselne 160 158 238 3,1 075 157 127 208 399 288 620 270 506 183 224 049
Maximum 1662 128 2605 3688 1460 129 1092 1736 2618 2809 37,07 2007 2540 1667 197 020
Recovered 5,17 618 701 1576 188 397 59 191 248 126 078 780 1651 403 514 002
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Maximum 238 644 165 197 336 883 115 103 222 546 143 084 203 267 197 540 09
Recovered 039 042 075 085 19 551 044 059 114 351 072 046 026 030 043 047 000
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ALT Alaninotrasnferasa(U/L); ALP- alkaline phosphatase (U/L); GGT- gamma-glutamyl transferasa (JAL);
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