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Abstract 

Adverse drug reactions (ADRs) are an important healthcare problem frequently associated with 

significant morbidity, hospitalisation and mortality. Globally, the prevalence of ADR-related 

hospitalisation and mortality vary from 0.2% to 54.5% and 0.1% to 10.0%, respectively. Severe 

ADRs are important reason for admission to intensive care unit and extensions of hospital stay 

in approximately one-fifth of overall ADR-related admissions. Overall, the rates of ADR-

related hospital admissions and mortality are comparable between developed and developing 

countries. However, there are marked differences between developed and developing countries 

with regard to the nature of the ADRs implicated in hospital admissions and the mortality rate. 

In addition, there are some important differences in risk factors contributing to ADR-related 

hospital admissions and mortality due to the differences in population socio-demographics, 

disease characteristics, drug therapy used, healthcare systems and ethnic origins.  

In Ethiopia, a developing country, there are number of factors thought to increase the risk of 

ADR-related hospital admission. These include, but are not limited to, a greater proportion of 

patients who take anti-tubercular (anti-TB) drugs and antiretroviral therapy (ART), a high 

prevalence of malnutrition and anaemia, a higher prevalence of concomitant anti-TB drugs and 

ART use, and widespread use of traditional remedies. In addition, there is a higher proportion 

of the slow acetylator phenotype among patients on ART and anti-TB drugs that increases 

susceptibility to ADRs. There is growing attention to chronic disease management with new 

and complex therapies in ambulatory care clinics, where there are higher rates of drug-related 

problems and irrational use of medicines that could lead to drug-related harm. Unlike 

developed countries, there is substantial all-cause mortality rate among patients presenting to 

emergency departments, a high rate of mortality among HIV/TB co-infected patients on drug 

therapy, a less health-literate population and a lesser ability to provide healthcare. Moreover, 
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there are increasing rates of concurrent infectious and non-communicable diseases demanding 

multiple medications with potential drug interactions.  

The majority of studies focussing on risk factors for ADR-related hospitalisation and mortality 

have been conducted in developed countries. In Ethiopia, to our knowledge, there are no studies 

reporting on the prevalence and risk factors associated with ADR-related hospitalisation, or the 

mortality rate attributable to ADRs in patients presenting to hospital. The limited information 

available in the Ethiopian setting, the presence of multiple factors suspected to increase the risk 

of ADR-related admissions and evidence of a substantial burden of ADR-related admissions 

and mortality in other settings provided the impetus for this study. Determining the magnitude 

of ADR-related hospitalisation and mortality and identifying factors contributing to ADRs for 

community-based patients are crucial in understanding the extent of the problem and 

developing preventive strategies to decrease the clinical and economic burden. Therefore, the 

main aims of the body of work presented in this thesis were to identify ADRs responsible for 

ADR-related hospital admissions; investigate the medications and other risk factors associated 

with the ADRs; and to determine their severity, preventability, clinical presentation and 

outcomes. 

Due to the absence of similar studies in Ethiopian patients, we began by reviewing the existing 

literature on the prevalence and contributing factors of ADR-related hospitalisations in 

developed and developing countries. From 43 relevant publications identified through 

systematic review, the median (with interquartile range (IQR)) prevalence of ADR-related 

hospitalisations in developed and developing countries were 6.3% (3.3-11.0%) and 5.5% (1.1-

16.9%), respectively. Similarly, the median proportions of ADR-related mortality in developed 

and developing countries were 1.7% (0.7-4.8%) and 1.8% (0.8-8.0%), respectively. Older age, 

female gender, number of medications, renal impairment and heart failure were reported to be 
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associated with an increased risk for ADR-related hospitalisation in both settings, while 

HIV/AIDS was implicated in developing countries only. The majority of ADRs were 

preventable in both settings, highlighting the importance of improving medication use, 

particularly in vulnerable patient groups such as the elderly, patients with multiple 

comorbidities and, in developing countries, with HIV/AIDS.  

Following review of existing literature, a prospective observational study determined the 

prevalence of ADR-related hospitalisation, characterised the ADR types and their 

preventability, characterised the implicated medications and identified predictors of ADR-

related hospitalisation. This was determined through detailed review of medical records, 

laboratory tests and patient interviews followed by causality assessment by the Naranjo 

algorithm and expert consensus. Of 1,001 patients included, 103 (10.3%) were deemed to have 

experienced an ADR-related admission. Common ADRs responsible for hospitalisation were 

hepatotoxicity (35, 29.4%) followed by acute kidney injury (27, 22.7%) and electrolyte 

disturbances (hypokalaemia and hypocalcaemia) (13, 10.9%). The drug classes most frequently 

involved in ADRs were anti-TB drugs (36 patients, 35.0%), followed by ART (22 patients, 

21.4%) and diuretics (19 patients, 18.4%). Body mass index (BMI) <18.5 kg/m2 (adjusted odd 

ratio [AOR]=1.69; 95% confidence interval [CI]=1.10-2.62), pre-existing renal disease 

(AOR=2.84; 95% CI=1.38-5.85), pre-existing liver disease (AOR=2.61; 95% CI=1.38-4.96), 

number of comorbidities ≥4 (AOR=2.09; 95% CI=1.27-3.44), number of drugs ≥6 (AOR=2.02; 

95% CI=1.26-3.25) and history of previous ADRs (AOR=24.27; 95% CI=11.29-52.17) were 

found to be independent predictors of ADR-related hospitalisation in an ADR risk prediction 

model with an area under the receiver operator curve of 79.0% (95% CI 73.9%-84.1%). Most 

ADRs (106, 89.1%) were considered preventable.  



ix 
 

 
 

Another component of a prospective observational study determined the prevalence of 

mortality attributable to ADRs in patients presenting to hospital, and identified drugs and 

factors associated with ADR-related mortality. Of 1,001 patients, 15 (1.5%, 95% CI=0.80-

2.30%) died. Deaths were primarily due to suspected drug-induced hepatotoxicity (7 patients, 

43.8%) followed by acute kidney injury (4 patients, 25.0%). Anti-TB drugs and ART together 

were implicated in 60% of the deaths. A bivariate comparison showed patients who died with 

ADRs were more likely to have pre-existing liver disease (40.0% vs. 7.0%; 95% CI=8.1-

57.8%), a history of ADRs (40% vs. 1.4%; 95% CI=13.8-63.4%), a low BMI (17.6 ± 2.1 vs. 

20.0 ± 2.9; 95% CI=0.9-3.9), exposure to anti-TB drugs (46.7% vs. 18.9%; 95% CI=2.3-53.1%) 

and ART (40.0 % vs. 7.7%; 95% CI=7.5-57.2%), a higher mean (±SD) number of medications 

(7.1 ± 3.3 vs. 3.8 ± 2.1; 95% CI=2.2-4.4), and Charlson Comorbidity Index (3.9 ± 2.9 vs. 1.6 

± 1.8; 95% CI=1.4-3.2) than surviving patients without ADRs.  

Findings from a series of analyses in a prospective observational study led us to further 

characterise the clinical patterns and severity of drug-induced hepatotoxicity (DIH), which was 

the commonest ADR implicated in hospitalisation and mortality. In this sub-study, 674 patients 

with documented previous medical history and regular medication prior to hospital admission 

and at least one set of liver function tests were included. Of 674 patients, 35 (5.2%) were 

deemed to have been hospitalised due to DIH, of whom, 22 (62.9%) exhibited a cholestatic 

pattern, 8 (22.9%) a hepatocellular pattern and 5 (14.3%) a mixed pattern. The most frequent 

drug classes implicated were anti-TB drugs (21 patients, 60.0%) followed by ART (12 patients, 

34.3%). More than two-thirds of the DIH cases (24, 68.6%) were severe or fatal, were mainly 

caused by anti-TB drugs (15, 42.9%), ART (4, 11.4%) or concomitant anti-TB/ART (6, 17.1%).  

Our studies provided several novel findings regarding hospitalisation and mortality related to 

ADRs in Ethiopian patients. Our work revealed that the extent of ADR-related hospitalisation 
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in adults is an important public health problem, with a significant number of fatal ADRs in 

patients presenting to hospital. Commonly used drugs, such as anti-TB drugs, ART and 

cardiovascular agents, causing well-known reactions are the most frequently occurring ADRs 

in patients presenting to hospital, suggesting that strategies for their prevention should be 

identifiable. Conversely, the ADR-related hospitalisation risk prediction model demonstrated 

some ability to identify patients at higher risk for ADRs, such as patients with lower BMI, 

previous ADR history, renal and liver diseases, multiple comorbidities and medications. This 

was further augmented by an ADR preventability assessment using Schumock and Thornton’s 

criteria, in which the majority of the ADRs were preventable provided these risk factors were 

reviewed and monitored closely. Therefore, consideration of the independent risk factors for 

ADRs identified in this study, by medical practitioners during assessment of patients at 

emergency and chronic care centres, might help distinguish patients who are at higher risk of 

ADR-related hospitalisation. 

More research is needed into intervention strategies to help reduce ADR-related hospitalisation 

and mortality. However, key areas that demand urgent interventions based on our study 

findings include patients taking anti-TB drugs (isoniazid and pyrazinamide) and ART 

(tenofovir, efavirenz and nevirapine), with a special focus on patients with malnutrition, 

previous ADR history, and pre-existing renal and liver diseases. Patients with cardiovascular 

disorders taking furosemide, enalapril, atorvastatin, warfarin and heparin also require special 

consideration. Given our findings that the majority of events occurred in patients receiving 

treatment for infectious and non-communicable chronic diseases, ADR risk assessment and 

intervention strategies should focus on these groups of patients to minimise the occurrence of 

preventable ADR-related hospitalisation and mortality in Ethiopia, noting that measuring the 

effectiveness of such interventions is an area requiring further research.  
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In summary, this thesis has provided the most robust estimate of the extent and nature of the 

burden of ADR-related hospital admission and mortality in Ethiopian patients. Given the 

overburdening of the growing healthcare system with ADR-related hospitalisation and 

mortality, urgent work is required to:  

• investigate the impacts of genetics, malnutrition, and chronic infectious and non-

communicable diseases on the acquisition and outcomes of ADRs; 

• develop robust methods for prevention of the occurrence of ADRs in the future; and 

• evaluate the impact of ADR prevention strategies with the ultimate goal of preventing or 

reducing the risk of acquiring ADRs, improving patient outcomes and minimising ADR-

related costs to the healthcare system. 

Considering the significant problem of ADR-related admissions and mortality, and the lack of 

universally accepted standardised methods for assessing ADR causality, type, severity and 

preventability, there is a need to develop robust standardised methods in order to accurately 

estimate the worldwide epidemiology and financial costs of the problem to the health care 

system. 

 

 

 

 

 



xii 
 

 
 

Table of contents 

Declaration of originality ............................................................................................................ i 

Statement of authority of access ............................................................................................... ii 

Statement of ethical conduct .................................................................................................... iii 

Statement of co-authorship ....................................................................................................... iv 

Publications ................................................................................................................................ v 

Acknowledgements ..................................................................................................................... i 

Abbreviations and acronyms.................................................................................................... iii 

Abstract ..................................................................................................................................... vi 

Table of contents ..................................................................................................................... xii 

List of tables ......................................................................................................................... xviii 

List of figures .......................................................................................................................... xix 

Chapter One ............................................................................................................................... 1 

1. Introduction ........................................................................................................................ 1 

1.1 Background ...................................................................................................................... 1 

1.2 Definitions/terminologies ................................................................................................. 2 

1.3 Prevalence of ADR-related hospitalisation ...................................................................... 5 

1.4 Burden and outcomes of ADRs ........................................................................................ 5 

1.4.1 ADR-related morbidity and severity ......................................................................... 5 

1.4.2 ADR-related length of hospital stay .......................................................................... 8 

1.4.3 ADR-related mortality  .............................................................................................. 9 



xiii 
 

 
 

1.4.4 ADR-related economic burden ................................................................................ 10 

1.5 Classification of ADRs .................................................................................................. 11 

1.6 ADR causality assessment ............................................................................................. 13 

1.7 Drugs commonly implicated in ADR-related hospitalisations ...................................... 18 

1.8 ADRs commonly associated with hospitalisations ........................................................ 20 

1.9 Risk factors for ADRs .................................................................................................... 21 

1.9.1 Age........................................................................................................................... 22 

1.9.2 Sex ........................................................................................................................... 23 

1.9.3 Comorbidity and polypharmacy .............................................................................. 23 

1.9.4 Hepatic and renal failure.......................................................................................... 24 

1.9.5 Alcohol consumption ............................................................................................... 25 

1.9.6 Malnutrition ............................................................................................................. 25 

1.9.7 HIV/AIDS and using antiretroviral therapy ............................................................ 26 

1.10 Preventing ADRs.......................................................................................................... 26 

1.11 Strategies for preventing ADRs ................................................................................... 29 

1.11.1 Strengthening local pharmacovigilance centres and ADR reporting systems ....... 31 

1.11.2 Preventing drug interactions .................................................................................. 31 

1.11.3 Pharmacy/pharmacist-based interventions ............................................................ 32 

1.11.4 Use of clinical tools ............................................................................................... 34 

1.11.5 Effective use of informatics and computerised systems ........................................ 35 

1.11.6 Highlighting patients at risk using predictive parameters ..................................... 36 



xiv 
 

 
 

1.12.  Ethiopian healthcare system ....................................................................................... 37 

1.13. ADR reporting system in Ethiopia.  ............................................................................ 40 

1.14. Definitions and methods used in this study ................................................................. 42 

1.15. Rationale of the study .................................................................................................. 43 

1.16. Aims ............................................................................................................................ 45 

Chapter Two............................................................................................................................. 46 

2. Adverse drug reaction related-hospitalisations in developed and developing countries: A 

review of prevalence and contributing factors ......................................................................... 46 

2.1 Abstract .......................................................................................................................... 46 

2.2. Key points ..................................................................................................................... 47 

2.3 Introduction .................................................................................................................... 48 

2.4 Methods .......................................................................................................................... 49 

2.5 Results ............................................................................................................................ 53 

2.5.1 Prevalence of ADR-related hospitalisations and deaths .......................................... 53 

2.5.2 ADR identification methods/causality assessment techniques ................................ 60 

2.5.3 Medications associated with ADR-related hospitalisation ...................................... 60 

2.5.4 Risk factors associated with ADR-related admissions ............................................ 61 

2.6 Discussion ...................................................................................................................... 64 

2.7 Conclusions .................................................................................................................... 70 

Chapter Three........................................................................................................................... 71 

3. Predictors of adverse drug reaction-related hospitalisation in Southwest Ethiopia: A 

prospective cross-sectional study ............................................................................................. 71 



xv 
 

 
 

3.1 Abstract .......................................................................................................................... 71 

3.2 Introduction .................................................................................................................... 72 

3.3 Methods .......................................................................................................................... 74 

3.3.1 Study setting, design and population ....................................................................... 74 

3.3.2 Data collection ......................................................................................................... 75 

3.3.3 Definitions of terms and variables used .................................................................. 76 

3.3.4 Identifying ADR-related hospitalisation  ................................................................ 77 

3.3.5 Data analysis and interpretation .............................................................................. 78 

3.3.6 Ethics ....................................................................................................................... 79 

3.4 Results ............................................................................................................................ 79 

3.4.1 General information ................................................................................................. 79 

3.4.2 ADR characteristics and drugs implicated in ADRs ............................................... 81 

3.4.3 Drugs used ............................................................................................................... 83 

3.4.4 Patient characteristics in univariate analysis ........................................................... 84 

3.4.5 Factors associated with ADR-related admissions ................................................... 87 

3.5 Discussion ...................................................................................................................... 89 

3.6 Conclusions .................................................................................................................... 93 

Chapter Four ............................................................................................................................ 95 

4. Mortality from adverse drug reaction-related hospitalisations in southwest Ethiopia: A 

cross-sectional study ................................................................................................................ 95 

4.1 Summary ........................................................................................................................ 95 

4.2 What is known and objective ......................................................................................... 96 



xvi 
 

 
 

4.3 Methods .......................................................................................................................... 98 

4.3.1 Study design, setting and procedure ........................................................................ 98 

4.3.2 Definitions Used ...................................................................................................... 99 

4.3.3 Data entry, analysis and interpretation .................................................................. 100 

4.3.4 Ethics ..................................................................................................................... 101 

4.4 Results and discussion .................................................................................................. 101 

4.5 What is new and conclusion ......................................................................................... 108 

Chapter Five ........................................................................................................................... 110 

5. Drug-induced hepatotoxicity-related hospitalisation: Patterns, severity and implicated 

drugs ....................................................................................................................................... 110 

5.1 Abstract ........................................................................................................................ 110 

5.2 Introduction .................................................................................................................. 111 

5.3 Methods ........................................................................................................................ 112 

5.4 Results .......................................................................................................................... 115 

5.4.1 Socio-demographic and clinical characteristics of DIH patients ........................... 115 

5.4.2 Drugs implicated in DIH ....................................................................................... 116 

5.4.3 DIH biochemical patterns, severity and associated drugs ..................................... 117 

5.5 Discussion .................................................................................................................... 122 

5.6 Conclusion .................................................................................................................... 126 

Chapter Six............................................................................................................................. 128 

6. General discussion and conclusion ................................................................................. 128 

6.1 Principal findings ......................................................................................................... 128 



xvii 
 

 
 

6.2 The burden of ADR-related hospital admissions and associated factors ..................... 128 

6.2.1 Anti-TB drug-related hospital admissions and mortality ...................................... 130 

6.2.2 ART-related hospital admissions and mortality .................................................... 131 

6.3 Research implications .................................................................................................. 132 

6.4 Strengths and limitations .............................................................................................. 135 

6.5 Future research directions ............................................................................................ 138 

6.6 Thesis conclusion ......................................................................................................... 139 

References .............................................................................................................................. 140 

Appendices ............................................................................................................................. 196 

Appendix A Participant information sheet ......................................................................... 196 

Appendix B Consent form ................................................................................................. 201 

Appendix C Data collection tool ........................................................................................ 204 

Appendix D Agreement between University of Tasmania and Jimma University ............ 222 

Appendix E Ethics approval letters .................................................................................... 224 

Appendix F ADR preventability factors ............................................................................ 227 

Appendix G ADR severity, outcomes and length of hospital stay..................................... 228 

Appendix H Previous ADR-history ................................................................................... 229 

 

 

 

 



xviii 
 

 
 

List of tables 
Table 1. 1 Hartwig et al. classification of ADR severity .......................................................... 7 

Table 1. 2 WHO-UMC ADR causality categories .................................................................. 15 

Table 1. 3 Naranjo ADR assessment algorithm/scale  ............................................................ 17 

Table 1. 4 Drugs most frequently involved in serious ADRs ................................................. 19 

Table 1. 5 Schumock and Thornton criteria for assessing ADR preventability. ..................... 28 

Table 2. 1 Characteristics of selected studies examining ADR-related admissions ............... 55 

Table 2. 2 Identified predictors for ADR-related admissions ................................................. 62 

Table 2. 3 Comparison of prevalence of ADR-related hospital admission, severe ADR, 

preventable ADR and ADR-related mortality in developed and developing countries........... 63 

Table 3. 1 Causality, type and preventability of ADRs causing hospitalisation  .................... 81 

Table 3. 2 ADRs and implicated drugs ................................................................................... 83 

Table 3. 3 Comparison of drugs used between non-ADR and ADR patient groups ............... 84 

Table 3. 4 Characteristics of patients experiencing ADR-related admissions and non-ADR-

related admissions at Jimma Universality Specialised Hospital .............................................. 86 

Table 3. 5 Regression model of ADR-related hospitalisation ................................................. 88 

Table 4. 1 Unadjusted bivariate comparisons of clinical and demographic characteristics of 

patients discharged alive without ADRs and patients who died with ADRs ......................... 103 

Table 4. 2 Case details of ADR-related deaths ..................................................................... 107 

Table 5. 1. Definition and classification of the patterns of DIH ........................................... 114 

Table 5. 2. Socio-demographic and clinical characteristics of patients with and without DIH 

at admission ........................................................................................................................... 118 

Table 5 3. Case details of patients with DIH......................................................................... 119 

Table 5. 4. Severity of DIH with regard to the patterns and commonly implicated major drug 

classes .................................................................................................................................... 121 



xix 
 

 
 

List of figures 

Figure 1. 1 Model to describe types and relationships of risk from drug treatment  ................ 4 

Figure 1. 2 Proportion of overall and severe ADRs in relevant studies.................................... 8 

Figure 1. 3 Prevalence of ADR-related deaths in relevant studies reviewed. ......................... 10 

Figure 1. 4 Drug classes commonly implicated in causing ADRs as per reports of relevant 

studies ...................................................................................................................................... 18 

Figure 1. 5 The relationship between factors contributing to ADR-related hospitalisations .. 22 

Figure 1. 6 Proportion of overall and preventable ADRs of relevant studies ......................... 29 

Figure 1. 7 Adapted from the Ethiopian Health Sector Development Plan 2010-2015 .......... 38 

Figure 2. 1 Flow chart showing inclusion and exclusion of articles used in this review ........ 52 

Figure 2. 2 Comparison of the prevalence of ADR-related hospitalisations between 

developed and developing countries ........................................................................................ 59 

Figure 3. 1 Flow diagram of ADR assessment procedure ...................................................... 80 

Figure 3. 2 The area under the receiver operator curve showing risk prediction capacity of 

predicors of ADR-related admission ....................................................................................... 87 

Figure 4. 1 Screening process for ADRs and ADR-related mortality .................................. 102  

Figure 5. 1 Flow diagram of DIH-related hospital admission assessment procedure........... 116 

 

  

 



1 
 

 
 

Chapter One 

1. Introduction 

"Our figures show approximately four and one half million hospital admissions annually due 

to the adverse reactions to drugs."  Milton Silverman, M.D. (Professor of Pharmacology, 

University of California) 

1.1 Background 

The safe use of drugs is plausibly the single most important criteria that a regulatory authority 

within a given country has to ensure in order to protect the public health and the integrity of its 

healthcare system (1). In principle, the safety profile of a medicine is derived primarily from 

early phase adverse event data of randomised controlled trials (RCTs), which typically includes 

relatively small numbers of patients and normally has a short duration (2). RCTs are useful for 

detecting common adverse drug reactions (ADRs) that will occur with exposure to a drug and 

they may explain some serious ADRs (2). However, RCTs are less likely to be able to reveal 

rare ADRs, delayed ADRs that occur with prolonged use, delayed ADRs that occur after drug 

cessation, ADRs in special populations that are not routinely included in drug development, 

and ADRs from excipients (3). For these reasons, RCTs alone are not enough to establish the 

full safety profile of a drug, therefore, post-licensing safety data must be collected to further 

understand the adverse reactions associated with a drug and build up a true profile of its safety.  

In 1961, serious adverse events, such as the development of limb defects called phocomelia, 

with thalidomide (4), and more recently, the abrupt worldwide withdrawal of rofecoxib due to 

its association with increased cardiovascular risk (5) have also widely highlighted the need for 

post-licensing studies or pharmacovigilance. Pharmacovigilance (PV) can be defined as the 

science and activities relating to the detection, assessment, understanding and prevention of 
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adverse effects or any other drug-related problems (6). The major aims of PV are early 

detection of unknown adverse reactions and interactions, detection of increases in frequency 

of known adverse reactions, identification of risk factors and possible mechanisms underlying 

adverse reactions, estimation of quantitative aspects of the benefit/risk analysis and 

dissemination of information needed to improve drug prescribing and regulation (6), thus,  

encouraging safer and more effective use of medicines. 

Despite the implementation of PV systems over the past 50 years, neither the prevalence of 

ADRs nor their consequences have decreased (7-14) probably because the complexity of drug 

therapy has increased. Regardless of all the advantages of pharmacotherapy, ADRs are 

commonly recognised hazards of drug therapy that cause hospital admissions, morbidity, 

mortality and extra costs to the healthcare systems (11, 12, 15-20). 

1.2 Definitions/terminologies 

ADRs have been subject to several definitions. In 1972, the World Health Organisation (WHO) 

defined an ADR as “a response to a drug that is noxious and unintended and occurs at doses 

normally used in man for the prophylaxis, diagnosis or therapy of disease, or for modification 

of physiological function"(21). This definition is intended to include all doses used clinically 

but exclude deliberate overdose and has been used widely in ADR studies over the last 40 years 

(22, 23).  

Edwards and Aronson (24) suggest the following as an alternative: “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.” This definition includes 
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doses used clinically, however, it disregards ADRs requiring no intervention, and has been 

used in ADR epidemiological research (10). 

Other definitions used in epidemiological studies which measure ADRs have a broader scope 

and examine adverse drug events (ADEs) as a whole. ADEs have been defined as "injury 

resulting from the medical intervention relating to the drug" (25). Therefore, all ADRs are 

ADEs but not all ADEs are ADRs. The terms are not used interchangeably as studies of ADEs 

can cover medication administration, prescription, and ordering errors. On the other hand, 

ADEs are not necessarily due to the drug itself. The term ADE is not particularly helpful to 

physicians, but it provides context for the more clinically useful term ADR. Additionally, 

ADRs occur despite appropriate prescribing and dosing, whereas ADEs may be associated with 

inappropriate use of the drug or other confounders that occur during drug therapy but are not 

necessarily caused by the pharmacology of the drug itself. Therefore, an ADR is an adverse 

event with a causal link to a drug. ADEs may also be caused by medication errors (MEs), which 

the National Coordinating Council for Medication Error Reporting and Prevention (NCC 

MERP) (26) defines as “any preventable event that may cause or lead to inappropriate 

medication use or patient harm while the medication is in the control of the health care 

professional, patient, or consumer.”  

According to Edwards and Aronson (24), “an adverse effect is defined as an adverse outcome 

that can be attributed to some action of a drug whereas an adverse event is an adverse outcome 

that occurs while a patient is taking a drug but is not or not necessarily attributable to it.” 

Therefore, the terms “adverse reaction” and “adverse effect” can be used interchangeably, 

except that an adverse effect is seen from the point of view of the drug, whereas an adverse 

reaction is seen from the point of view of the patient. However, the terms “adverse effect” and 

“adverse reaction” must be distinguished from the term “adverse event”.  
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Based on the above definitions, Nebeker et al. (25) illustrated the relationship between ADEs, 

ME and ADRs in 2004 as shown in Figure 1.1.  

 

Figure 1. 1 Model to describe types and relationships of risk from drug treatment (25) 

Contrary to the above definitions, Morimoto et al. (27) defines an ADR as “a non-preventable 

ADE due to a medication where there is no error in the medication use process and includes an 

allergic reaction in a patient not previously known to be allergic to the medication or non-

preventable reactions due to side effects or allergic reactions.”  

This introductory chapter will firstly examine the prevalence of ADR-related hospitalisation 

and associated burden and outcomes, the classification of ADRs and causality assessment 

methods and will then focus on reviewing the literature on common ADR presentations, 

implicated drugs and risk factors associated with hospitalisation, and review current knowledge 

regarding ADR prevention strategies. At the end of this chapter, the Ethiopian heathcare and 

ADR reporting systems, definitions and methods used in this study, and the rationale and main 

aims of the study are described.  
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1.3 Prevalence of ADR-related hospitalisation 

Globally, the rates of ADR-related hospitalisation vary from 0.2% (28) to 54.5% (29). For 

instance, studies from developed countries reported a prevalence of 8.8% (of which 57.3% 

were preventable) in Ireland (30), 5.8% (of which 76.5% were preventable) in Italy (31), 7.5% 

(of which 66.7%) were preventable) in the United Kingdom (32) and 36.2% (of which 62.3% 

were preventable) in the United States (33).The few studies from developing countries have 

revealed a prevalence of 6.9% (of which 59.6% were preventable) in India (34), 6.3% (of which 

53% were prevalent) in South Africa (23) and 10.7% (of which 85.7% were preventable) in 

Argentina (35). ADR-related mortality is also an important burden in medical care (36). The 

rates of fatal ADRs in patients presenting to hospital have been reported to range from 0.1% to 

10% (20, 37) with comparable proportions in developed and developing countries.  

1.4 Burden and outcomes of ADRs 

1.4.1 ADR-related morbidity and severity  

ADRs are an important healthcare problem, frequently associated with multiple detrimental 

outcomes. Some of these include hospital admissions, loss of confidence in treating doctors, 

increased costs of care, preclusion of the use of some drugs, unnecessary investigations, delay 

in treatment, and deaths (38). In addition, ADR-related morbidity decreases quality of life by 

causing worries and emotionally affecting the patient’s belief in the use of medication for 

treatment, as well as causing physical morbidity in some cases (e.g. permanent incapacity or 

organ damage)(38). Moreover, ADRs cause life-threatening reactions, such as Stevens-

Johnson Syndrome, prolongation of hospital stay, congenital anomaly or birth defects, 

significant disability or incapacity, and permanent organ damage (20, 39, 40). Although limited 

studies have focussed only on severe ADRs, the few available studies have reported that severe 

ADRs were important reasons for extension of the hospital stay in approximately 20% of 
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patients (41), and cause life-threatening effects and admission to intensive care unit in 1.8% to 

18.6% of the cases (40, 42, 43).  

ADR severity describes the extent to which the ADR influences the everyday life of the patients 

or it relates to the effect it has on the individual. Severity of ADR is distinct from seriousness. 

For instance, Edwards and Aronson (24) defined serious ADRs as “any untoward medical 

occurrence that at any dose results in death, requires hospital admission or prolongation of 

existing hospital stay, results in persistent or significant disability/incapacity, or is life 

threatening.” A severe reaction may not necessarily be serious. Severity of ADRs has been 

assessed using different scoring systems, such as the Karch et al. (44), Dormann et al. (45), and 

Hartwig et al. classifications (46). Karch et al. classify severity into minor, moderate, severe, 

and lethal. Dormann et al. devised an ADR severity score of mild, moderate or severe 

depending on the numerical score obtained when the algorithm is applied. It incorporates a 

quality of life assessment. A score of 1 to 4 indicates a mild, a score of 5 to 8 a moderate, and 

a score of >8 a severe ADR. The severity scale of Hartwig et al. has seven levels ranging from 

level 1 (where the ADR requires no change in the drug treatment), to level 7 (where the ADR 

is fatal). Levels 1 and 2 are less severe, levels 3 and 4 are moderate, and levels 5, 6 and 7 are 

classified as severe as indicated Table 1.1. The principles of ADR severity assessment by the 

Hartwig et al. method are based on length of stay, treatment required, and the patient’s 

prognosis. This ADR severity assessment method is simple, easy to use, has clear definitions, 

and it has been widely applied in prospective studies of ADR-related hospitalisations (47, 48).  

Different studies have revealed that 10.9% to 42.0% of the ADRs that led to admissions were 

classified as severe (9, 23, 47, 49-55) as indicated in Figure 1.2. For instance, out of 6.3% of 

ADR-related admissions, 14.1% were severe in a South African study (23). The majority of 

the severe ADRs required interventions, which ranged from stopping the causative agent(s) to 
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administration of specific antidotes. Therefore, the marked differences in the prevalence of 

severe ADRs in the studies discussed above were possibly due to the multiplicity of definitions 

of ADR severity and a lack of standardisation of the definitions across the studies.  

Table 1. 1 Hartwig et al. classification of ADR severity  

ADR severity 
scale  

ADR severity 
level  

Description of the level 

Mild  Level 1 An ADR occurred but required no change in treatment with the 
suspected drug 

Level 2 The ADR required that treatment with the suspected drug be 
held, discontinued, or otherwise changed. No antidote or other 
treatment requirement was required. No increase in length of 
stay (LOS) 

Moderate  Level 3 The ADR required that treatment with the suspected drug be 
held, discontinued, or otherwise changed, and/or an antidote or 
other treatment was required. No increase in LOS 

Level 4 Any level 3 ADR which increases LOS by at least 1 day OR the 
ADR was the reason for the admission 

Severe  Level 5 Any level 4 ADR which required intensive medical care 
Level 6 The adverse reaction caused permanent harm to the patient 
Level 7 The adverse reaction either directly or indirectly led to the death 

of the patient 
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Figure 1. 2 Proportion of overall and severe ADRs in relevant studies (9, 23, 47, 49-51, 53-

55). 

1.4.2 ADR-related length of hospital stay   

There is a relationship between the cost of care of a patient hospitalised for an ADR and the 

length of the hospital stay. A systematic review in the UK showed that ADRs led to 

prolongation of hospital stay and escalation of the hospital bed occupancy rate by 

approximately 15–20 in a 400-bed hospital (56). This systematic review of both prospective 

and retrospective studies was augmented by a prospective study by Pirmohamed et al. (10) 

illustrating an additional stay of 2.2 hospital days as a result of ADR. Another study in Australia 

(57) showed that there was an extraordinary escalation of age-related hospital stays due to 

ADRs; in 1981 it was 2.5 for every 1,000 person–years, increasing to almost 12.6 for every 

1,000 person–years in 2002. Similarly, Rottenkolber et al. (58) from Germany revealed that 

3.7

20.2

14.7

3.1
6.3

42

27.9

3

19.3

1010.9

25
27

15.8
14.1

24 22.5
19.9 19.4

14.3

0

5

10

15

20

25

30

35

40

45

%
 o

f o
ve

ra
ll 

A
D

R
s a

nd
 se

ve
re

  A
D

R
s

Overall ADRs Severe ADRs



9 
 

 
 

the average inpatient length of stay associated with ADR was 9.3 days, and the annual total 

health care cost was escalated due to ADRs. Mehta et al. (23) from South Africa reported that 

the median length of hospital stay in patients with ADRs was longer than in those without 

ADRs (8 (5-12) days vs. 6 (4-9) days) constituting 5.8% of bed occupancy.  

1.4.3 ADR-related mortality  

ADR-related mortality is a significant public health problem (59). According to a systematic 

review of 39 studies between 1970 and 2002 (60), ADR was recorded as the fourth leading 

cause of death in the US after heart disease, cancer and strokes. In this review, it was found 

that 106,000 people died because of ADRs and more than 2 million suffered serious side effects 

with a trend showing increasing death and injury from ADRs. In Australia, Hodgkinson 

reported that death occurred in 0.7% of ADR cases in 2004 (61). Pirmohamed et al. (10) from 

the UK revealed that over 2% of patients admitted with an ADR died between November 2001 

and August 2002, suggesting that ADRs may be responsible for the death of 0.15% of all 

patients admitted. A retrospective study conducted by Wester et al. (40) in a Swedish 

population found that fatal ADRs accounted for approximately 3% of all deaths in the general 

population between January 2001 to December 2001, where fatal ADRs were estimated to be 

the seventh most common cause of death. A 20-year survey that was concducted between 1974 

and 1993 in three Swiss teaching hospitals reported an ADR-related mortality rate of 0.054% 

of admissions (62). A study in a Finnish University Hospital in 2000 revealed that deaths in 

0.05% of hospital admissions (5% of in-hospital deaths) were attributed to ADRs (63).   

Although there are scanty data on the mortality rate of ADRs in low and middle-income 

countries, the few available studies reported a mortality rate that ranged from 0.24% (64) to 

10% (37) . ADR-related mortality rates of 0.24% of all admissions in a study conducted in a 6 

month period in 2011 (64) and 2.5% from 665 adult patients admitted to medical wards in a 3 
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month period in 2005 (23) were reported from India and South Africa, respectively. Another 

study which was conducted in South Africa between April and Septmeber 2013 (65) reported 

that ADRs contributed to the death of 2.9% of medical admissions; the overall mortality rate 

in these study wards was 18 per 100 admissions. Prevalence of ADR-related deaths as a 

proportion of study setting admissions in some studies are presented in Figure 1.3. 

  

Figure 1. 3 Prevalence of ADR-related deaths in relevant studies (10, 23, 40, 61, 62, 64-66). 

1.4.4 ADR-related economic burden  

The increase in costs due to ADRs are related to the increased length of hospital stay and 

additional medical care provided to the patients. For instance, Classen et al. estimated that 

hospital admissions due to ADRs increased the cost of patient care by USD 2,262 per patient 

(67). According to Wu et al.’s (68) estimation in 2008, the cost of ADR-related visits to 

emergency departments was CAD 333 per visit and CAD 7,528 per hospitalisation for a total 

annual cost of CAD 13.6 million in Ontario, or an estimated CAD 35.7 million in Canada.  
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Another burden of ADRs is attributable to prescribing new medication to treat the ADR, which 

increases the drug use in those patients (69). Litigation or malpractice-related costs are also 

burden of ADR that is frequently overlooked. For instance, Rothschild et al. (70) reported that 

ADRs represented 6.3% of malpractice claims by a New England malpractice insurance 

company, of which, 46% of the events were life-threatening or fatal and 73% of them were 

judged to be preventable. Those preventable drug events were estimated to cost USD 50.7 

million in 2001, which does not include additional costs such as plaintiffs’ legal expenses. 

Litigation against the healthcare provider can also be professionally and emotionally 

distressing, and long-term physician-patient relationships can also be affected due to loss of 

trust (71). In general, preventable ADRs should be the primary focus for implementing 

strategies that can help reduce the burden of ADRs. 

1.5 Classification of ADRs 

There are many ways of classifying ADRs. Although there is no consensus in the mechanisms 

of ADRs, it can be broadly classified on the basis of either the presence or absence of immune 

mediation (72). The terms “drug allergy”, “drug hypersensitivity”, and “drug reaction” are used 

interchangeably, however, drug reaction embraces all adverse events related to drug 

administration, regardless of aetiology. Drug hypersensitivity means an immune-mediated 

response to a drug agent in a sensitised patient whereas drug allergy is restricted specifically 

to a reaction mediated by IgE (73). The majority (75% to 80%) of ADRs are pharmacologically 

predictable and non-immunologic whereas the remaining 20% to 25% are unpredictable and 

immune-mediated (74). Specifically, IgE-mediated drug allergies account for 5% to 10% of all 

drug reactions and constitute true drug hypersensitivity (72, 73). 

Rawlins and Thompson (75) first formally classified the mechanisms of ADRs in 1977 as type 

A and type B. Type A ADRs are dose dependent and predictable from the known pharmacology 
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of the drug. Type A ADRs commonly result from an exaggeration (augmentation) of a drug’s 

normal pharmacological action when given in the usual therapeutic dose. The severity of type 

A reactions ranges from minor to life-threatening effects. Because of their characteristics, the 

majority of type A ADRs are identified prior to product authorisation and are consequently 

listed in product labelling. Examples include hypoglycaemia with antidiabetic agents, bleeding 

with warfarin, and hypotension with beta-blockers. On the contrary, type B ADRs are not dose 

dependent, hence, are unpredictable. Perhaps partially because of their non-dose dependence 

and unpredictability, they are considered more serious than type A ADRs and appear to be 

associated with a higher rate of mortality (24). Due to unsubstantiated relationship to dose, type 

B ADRs can occur at any time after the drug has been started; emerging at any time during the 

course of therapy and sometimes after treatment has stopped (24). In addition, because of their 

tendency to be severe, re-challenge is dangerous. Therefore, the drug is usually discontinued if 

a patient experiences a type B ADR. Many type B ADRs are only revealed post-authorisation 

when a greater number of patients are exposed to the drug. One example includes anaphylactic 

reactions to antibiotics. According to previous studies (32, 47, 51, 55, 76, 77), 75% to 91% of 

ADRs have been classified as type A reactions based on Rawlins and Thompson’s 

classification method. This classification is simple; it helps drug regulatory bodies because pre-

licensing studies can reveal type A reactions (78), and it predicts that dose titration will increase 

the risk of some reactions. This classification system is the most widely accepted and 

recognised in the literature. 

According to the above ADR classification, it is sometimes impossible to assign a reaction to 

one type. Therefore, the above ADR classification has gradually been extended to 

alphabetically labelled types, including type C (dose and time dependent (chronic) reactions), 

type D (delayed reactions), type E (withdrawal reactions), and type F (failure of therapy) (79). 
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This classification has mitigated some of the difficulties of the Rawlins and Thompson 

classification but has introduced others.  

Aronson  et al. (80) highlighted the limitations of the above classifications, and considered 

other parameters to classify the ADRs. These are time course, appearance and severity of the 

reaction, and the susceptibility of the individual, which are expressed as dose-relatedness, 

timing, and patient susceptibility (DoTS). Dose-related ADRs occur at supratherapeutic doses 

(toxic effects), standard therapeutic doses (collateral effects) and sub-therapeutic doses in 

susceptible patients (hyper-susceptibility reactions). With regard to timing, ADRs can be time 

dependent (the ADR depends on both the concentration of the drug at the site of action and the 

time course of its appearance there) and time independent (the ADR occurs at any time during 

treatment, independent of the duration of the course). According to this classification, the time 

dependent ADR can be sub classified into six subtypes - rapid, first dose, early, intermediate, 

late, and delayed reactions (80).  

1.6 ADR causality assessment 

Identifying the cause of a suspected ADR is a complex process because many patients take 

more than one drug that can often make detection of the causative agent problematic. 

Alternatively, the suspected ADR may in fact be a manifestation of other underlying disease 

states (81). Therefore, an important step in recognising an ADR and assessing causality is to 

obtain an accurate patient drug list through review of medical records and interview with 

patients or family members about medication usage. Then, it is crucial to establish a causal 

relationship between the suspected drug and the ADR in order to clearly indicate the burden of 

ADRs.  
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Many ADR causality assessment methods have been proposed to judge the relationship 

between a drug and an adverse reaction in a given patient, ranging from expert judgment to 

comprehensive algorithms. However, there is no universally accepted method for assessing 

causality of ADRs as a result of problems of reproducibility and validity (82). There are 

principally three types of method for causality assessment which are practical for regular use 

(82). These are: unstructured assessment by an assessor or a panel of assessors (global 

introspection), semi-structured assessment using pre-set guidelines, and standardised 

assessment using decision tables or algorithms. A fourth method, using the application of 

Bayesian statistics (the Bayesian Adverse Reaction Diagnostic Instrument: BARDI), has also 

been devised but its complexity has limited its use. 

The global introspection of ADR causality assessment is based on consensus 

agreement/personal judgement of each ADR report by the expert/investigator, following 

careful review of the case notes/medical records, laboratory parameters and application of 

clinical opinion. Because of its subjectivity, lower levels of certainty, and lack of transparency, 

it has been designated as an unsuitable method for assessing ADRs (83).  

Semi-structured ADR assessments, such as the World Health Organisation Uppsala Monitoring 

Centre (WHO-UMC) causality assessment method (84), provide guidelines for assigning a 

causality term, i.e. 'definite', 'probable', 'possible' and 'unlikely' ADR, without providing 

specific rules as to how the causality assessment should be carried out. The WHO-UMC 

causality assessment method (84) was developed in consultation with the National Centres 

participating in the Programme for International Drug Monitoring and is meant as a practical 

tool for the assessment of case reports. This causality assessment method has advantages over 

the unstructured method in that the guidelines for classifying the causality of an ADR are clear, 

which allows other investigators to understand how a conclusion was drawn. The various 
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causality categories and the assessment criteria of the WHO-UMC system are summarised in 

Table 1.2. 

Table 1. 2 WHO-UMC ADR causality categories 

Causality term  Assessment criteria* 

Certain  • Event or laboratory test abnormality, with plausible time 
relationship to drug intake 

• Cannot be explained by disease or other drugs 
• Response to withdrawal plausible (pharmacologically, 

pathologically) 
• Event definitive pharmacologically or phenomenologically (i.e. 

an objective and specific medical disorder or a recognised 
pharmacological phenomenon) 

• Rechallenge satisfactory, if necessary 
Probable/ 
Likely 

• Event or laboratory test abnormality, with reasonable time 
relationship to drug intake 

• Unlikely to be attributed to disease or other drugs 
• Response to withdrawal clinically reasonable 
• Rechallenge not required 

Possible • Event or laboratory test abnormality, with reasonable time 
relationship to drug intake 

• Could also be explained by disease or other drugs 
• Information on drug withdrawal may be lacking or unclear 

Unlikely • Event or laboratory test abnormality, with a time to drug intake 
• that makes a relationship improbable (but not impossible) 
• Disease or other drugs provide plausible explanations 

Conditional/ 
Unclassified 

• Event or laboratory test abnormality 
• More data for proper assessment needed, or 
• Additional data under examination 

Unassessable/ 
Unclassifiable 

• Report suggesting an adverse reaction 
• Cannot be judged because information is insufficient or 

contradictory 
• Data cannot be supplemented or verified 

Source: Adapted from WHO-UMC ADR causality assessment (84).        
*All points should be reasonably complied with 

 

Unstructured and sometimes semi-structured ADR causality assessment methods have a 

limited role in observational studies due to their subjectivity in assessing the temporal 
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relationship between the suspected drug and the ADR. In order to solve these problems, many 

standardised algorithms, such as the Irey (85), Karch (86), Kramer (87) and Naranjo (88) 

algorithms, have been developed to assess the causality of ADRs. The first structured ADR 

causality algorithm that depends mainly on time-relationship and pathological evidences of the 

suspected drug and event was developed in 1976 by Irey (85).  Following this, Karch et al. (86) 

published a three-decision-table algorithm that requires evidence of a previously documented 

ADR having been associated with the suspected drug in question. This algorithm helps the user 

to assess potential drug reactions, the certainty of the link between the drug and event and the 

underlying cause of the detected adverse event. Then, Kramer (87) expanded the work of Karch 

et al. to a six-decision-table algorithm with a new scoring system through assessing previous 

general experience with the drug, alternative aetiologic candidates, timing of events, drug 

levels and evidence of overdose, dechallenge and rechallenge. 

Another algorithm, published in 1981, developed by Naranjo and co-workers (88) from the 

University of Toronto is often referred to as the Naranjo Probability Scale. Although it was not 

in use in routine clinical practice at that time, it helped standardise assessment of causality for 

all ADRs as it was initially designed for use in controlled trials and registration studies of new 

medications. Since then researchers have widely used it in observational studies because of its 

simplicity to apply and its objective measurement. It consists of 10 questions that are answered 

as either Yes, No, or “Do not know”.  Different point values (-1, 0, +1 or +2) are assigned to 

each answer for the 10 questions. The values assigned to each question answered are totalled, 

and the final score corresponds to causality categories of ‘definite’, ‘probable’, ‘possible’ or 

‘doubtful’. Total scores range from -4 to +13; the reaction is considered definite if the score is 

9 or higher, probable if 5 to 8, possible if 1 to 4, and doubtful if 0 or less as illustrated in Table 

1.3. The Naranjo ADR Probability Scale is quick to complete and has moderate reliability  (89, 

90) when compared to other more comprehensive and detailed methods.  
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Table 1. 3 Naranjo ADR assessment algorithm/scale (88)  

Question Yes No Do Not 

Know 

1. Are there previous conclusive reports on this reaction?  +1  0  0  

2. Did the adverse event appear after the suspected drug was administered?  +2  -1  0  

3. Did the adverse event improve when the drug was discontinued or a 

specific antagonist was administered?  

+1  0  0  

*4. Did the adverse event reappear when the drug was readministered?  +2  -1  0  

5. Are there alternative causes that could on their own have caused the 

reaction?  

-1  +2  0  

6. Did the reaction reappear when a placebo was given?  -1  +1  0  

7. Was the drug detected in blood or other fluids in concentrations known 

to be toxic?  

+1  0  0  

8. Was the reaction more severe when the dose was increased or less severe 

when the dose was decreased?  

+1  0  0  

9. Did the patient have a similar reaction to the same or similar drugs in 

any previous exposure?  

+1  0  0  

10. Was the adverse event confirmed by any objective evidence?  +1  0  0  

* This question evaluates the response to rechallenge or re-exposure.  An answer of “Yes” (+2) 

indicates that the medication was stopped, the ADR resolved or improved, and there was an 

unequivocal reappearance or worsening of the reaction when the medicine was restarted in a 

similar dose and by the same route. The Naranjo scale also allows for a “Yes” if the causal 

association is well known and rechallenge cannot be done for clinical or ethical reasons. 

The last type of ADR causality assessment is the  BARDI method that calculates the  posterior  

probability,  a  ratio  between  two  probabilities both  of  which  are conditional  on  the  same 

background and  case  information, in  favour of  a  specific  drug  cause  based  on  background  

(e.g., epidemiologic)  and  case  information  (e.g. time of onset) (91). These approaches use 

specific findings in a case to transform the prior estimate of probability into a posterior estimate 

of probability of drug causation. The prior probability is calculated from epidemiological 
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information and the posterior probability combines this background information with the 

evidence in the individual case to come up with an estimate of causation. The BARDI is 

advantageous in that it discriminates between drug and non-drug-induced ADRs while its 

complexity limits its use in routine practice. The risk of acquiring an ADR differs among an 

exposed population. In some cases, the risk of an ADR will be present in susceptible patients 

and absent in others.  

1.7 Drugs commonly implicated in ADR-related hospitalisations 

Based on the different ADR causality assessment methods, drugs commonly implicated in 

ADR-related hospitalisations have been identified and reported in different studies. Certain 

drugs are associated with an increased risk of adverse reactions or interactions due mainly to a 

low therapeutic ratio (i.e. the difference between a therapeutic and toxic dose is low) (92). 

These include oral anticoagulants, oral hypoglycaemic agents, some antihypertensives, many 

cytotoxic agents, anti-convulsants, corticosteroids, some antimicrobials, and nonsteroidal anti-

inflammatory drugs (NSAIDs). According to the reports of different studies, drug classes 

commonly implicated in ADR-related hospitalisations included antithrombotics (16, 35, 93-

97), cardiovascular agents (17, 20, 30, 94, 98, 99), NSAIDs (10, 16, 23, 35, 39, 93, 95, 98) and 

antimicrobials (33, 42, 66, 100) as summarised in Figure 1.4 below. In addition, drugs 

commonly implicated in causing severe ADRs are listed in Table 1.4. Antimicrobials, mainly 

anti-tuberculosis and antiretroviral therapies, were more commonly implicated in ADR-related 

hospitalisations in developing countries than developed countries (23, 34, 66, 101).  
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Figure 1. 4 Drug classes commonly implicated in causing ADRs as per reports of relevant 

studies (9-11, 15, 16, 20, 23, 30, 32, 33, 35-37, 39, 42, 55, 59, 66, 76, 93, 94, 96-98, 100, 102-

108).  

Table 1. 4 Drugs most frequently involved in serious ADRs  
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Angiotensin-converting enzyme inhibitors (enalapril, lisinopril) (109) 

Anticonvulsants ( phenobarbital, phenytoin/fosphenytoin) (110, 111) 

Antimicrobials (amoxicillin, ciprofloxacin,  efavirenz, gentamicin,  isoniazid, nevirapine,  

tenofovir, pyrazinamide) (23, 42, 65, 66, 96, 101, 112-114) 

Antipsychotics (haloperidol, quetiapine, zuclopenthixol) (115-117) 

Antithrombotics and coagulation inhibitors (acetylsalicylic acid, clopidogrel, enoxaparin, 

and warfarin) (110, 114, 116, 118) 

Benzodiazepines (midazolam, triazolam) (119-121) 

Beta-blockers (metoprolol) (10, 110, 122) 

Calcium channel blockers (nifedipine) (111, 123) 

Corticosteroids (prednisolone) (110, 111) 

Cytostatics (carboplatin, daunorubicin, etoposide, 5-fluoruracil, methotrexate) (110, 123) 

Diuretics (furosemide) (110, 117, 124) 

Insulin (125-128) 

NSAIDs (diclofenac, ibuprofen, indomethacin) (10, 32, 97, 129, 130) 
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1.8 ADRs commonly associated with hospitalisations 

ADRs are commonly reported in both developed and developing countries although there is 

considerable variation in disease distribution (9, 14, 23, 100), population characteristics (9, 14, 

23, 100), healthcare systems (104) and complexity of diseases and medications prescribed (9, 

14, 94). These included, but were not limited to, gastro-intestinal (GI) bleeding (20, 97, 99, 

100, 105), cardiovascular disorders (16, 23, 30, 32, 37, 93, 94),  electrolyte and metabolic 

disturbances (9, 16, 23, 58, 94), neuropsychiatric and central nervous system disorders (28, 

131) and  cytotoxicity (110, 123). In contrary to developed countries, studies from developing 

countries have revealed that drug-induced hepatotoxicity (DIH) (mainly due to anti-TB and 

ART agents) (23, 34) followed by drug-induced acute kidney injury (mainly due to ART 

agents) (101) were the major reasons for hospital admissions, reflecting the high burden of 

tuberculosis and HIV/AIDS in these settings.  

DIH is an important cause of hospitalisation (132), responsible for over 50% of acute liver 

failure (ALF) (133, 134) and remains a top reason for drug withdrawal from the market creating 

cost and medication availability ramifications (133, 135). DIH has a profound impact on 

healthcare by causing substantial morbidity and mortality, and healthcare expenditures (136). 

Drugs commonly implicated in DIH were antimicrobials, such as anti-tuberculosis drugs (137, 

138), and cytotoxic agents (139, 140). The patterns of DIH as hepatocellular, cholestatic, and 

a mixed-type, and may vary for the same drug. Studies have reported that the cholestatic pattern 

of DIH accounts for 20% to 40% of DIH, the hepatocellular pattern accounts for 40% to 78%, 

and the mixed pattern accounts for 12% to 20% (141, 142). 

Drug-induced acute kidney injury (AKI) is another common ADR characterised by elevations 

in blood urea nitrogen (BUN) and serum creatinine (SCr) levels. It results in electrolyte and 

acid-base abnormalities and retention of nitrogenous waste products, such as urea and 
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creatinine (143). Patients with drug-induced AKI are often asymptomatic, but when they are 

symptomatic, they present with anorexia, fatigue, mental status changes, nausea, vomiting, 

pruritus, seizures if BUN levels are extremely high, and shortness of breath if volume overload 

is present (144). However, alterations in urine volume may be the only symptom that patients 

notice. Populations most at risk include the elderly, those with underlying renal insufficiency, 

cirrhosis, nephrotic syndrome, or congestive heart failure (145). Drug-induced AKI is a 

common medical problem requiring hospitalisation and the incidence of drug-induced AKI 

may be as high as 60% (146). Drugs frequently implicated in drug-induced AKI were diuretics 

(e.g. furosemide), ACE-inhibitors (e.g. enalapril), antiretroviral therapy (e.g. tenofovir) and 

NSAIDS (e.g. diclofenac) (23, 65, 101, 147-149).  

1.9 Risk factors for ADRs 

Despite the concerns that ADR-related hospitalisation, morbidity and mortality represent an 

important medical problem in the healthcare system, predictive factors for ADR are still poorly 

understood. One important strategy for preventing ADR-related hospitalisation and mortality 

is to identify the patients who are at risk of an ADR and to target additional resources toward 

these groups. Although multiple risk factors have been reported, there is no uniformity in 

reports due to the differences in the demographics of the study participants, healthcare systems, 

and disease distributions. Many studies have identified several risk factors contributing to 

ADR-related hospitalisations; these are discussed in more detail below. Figure 1.5 shows the 

relationship between different risk factors and ADR-related hospitalisation based on previously 

published study findings.  
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Figure 1. 5 The relationship between factors contributing to ADR-related hospitalisations  
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of the kidneys and liver that lead to decreased excretion of drugs into the urine and 
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decreases and the amount of fat tissue relative to water increases, potentially leading to higher 

concentrations of drugs that dissolve in water and in fat. On the contrary, Mjorndal et al. (166) 
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1.9.2 Sex 

Compared to males, females have lower body weight and organ size, more body fat, different 

gastric motility and a lower glomerular filtration rate (168), which results in variable drug 

pharmacokinetics and pharmacodynamics. Studies (14, 169, 170) have reported that being 

female was associated with increased risk of ADR-related hospitalisation in comparison to 

males taking similar medications. For instance, a study conducted by Rodenburg et al. (171) 

has reported that females showed most marked differences in incidence of ADR-related 

hospital admissions for different cardiovascular drug groups, such as cardiotonic glycosides, 

high-ceiling diuretics and coronary vasodilators. The possible reasons reported were 

multifactorial. Hepatic enzyme CYP3A4 is more active in females than males, which leads to 

different effects on drug metabolism (172, 173). Female specific concerns such as pregnancy, 

menopause and menstruation may have profound effects (174). Ensom et al. (175) reported 

that after the age of 45 years, when all sex-specific conditions were controlled, females had 

approximately 10–20% more physician visits and subsequently used more medications than 

males. 

1.9.3 Comorbidity and polypharmacy  

Multiple diseases make patients more vulnerable to ADRs due to the use of many drugs that 

increased opportunity for drug-drug interactions (9, 176). Increasing numbers of both co-

morbidities and medications lead to increased medical complexity, which has been associated 

with an increased risk of ADR-related hospitalisation, especially with advancing age (9, 176). 

Furthermore, irrespective of the age of the patients, the number of medications taken has been 

a consistently reported risk factor for ADR-related admissions (14, 17). The risk of ADR 

severity also increases as the number of medications increases . Moreover, multiple diseases 

are a very important factor which causes drug-disease interactions and as a result ADRs (168). 
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Drugs that are helpful in one disease are harmful in another. For instance, some beta-blockers 

used for treatment of ischaemic heart diseases or high blood pressure can worsen respiratory 

symptoms and make it hard for people with diabetes by masking the signs and symptoms of 

low blood sugar (168).  

1.9.4 Hepatic and renal failure  

The pharmacokinetics of drugs can be affected in patients with impaired hepatic function since 

the liver is the main organ for metabolism and detoxification of endogenous and exogenous 

substances (177). In patients with abnormal intestinal permeability, the bioavailability of some 

drugs, such as drugs with a high hepatic extraction ratio is increased (178), as the absorption 

process may be altered due to porto-systemic shunting (179, 180). In patients with hepatic 

impairment, the free concentration of highly protein-bound drugs is increased due to 

hypoalbuminaemia (180). Hepatic impairment is also associated with a reduction or 

impairment of drug-metabolising enzymes that may cause reduced metabolism. These changes 

often result in an elevated drug exposure, and possibly ADRs (180, 181). For example, about 

30% of patients with cirrhosis suffer ADRs and it is estimated that nearly 80% of these ADRs 

could be prevented (182).  

Impaired renal function can have marked effects on the pharmacokinetics of many drugs 

because of changes in glomerular filtration, tubular secretion, reabsorption or metabolism (183). 

These may cause accumulation of the medicines or their metabolites, which may result in 

toxicity. The toxicity may be severe, especially if the medicine has a narrow therapeutic index 

(184). There is an increased risk of ADRs due to the use of contraindicated drugs and 

inappropriate doses (185). Studies have reported that patients with impaired renal function 

were more likely to be hospitalised with ADRs than patients with normal renal function (186, 
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187). The risk of acute kidney injury and subsequent drug-related adverse effects was higher 

in patients with a lower body mass index (162). 

1.9.5 Alcohol consumption  

Alcohol affects the metabolism of many drugs and promotes the occurrence of ADRs through 

both pharmacokinetic and pharmacodynamic changes (188). Taking alcohol with some drugs 

can cause many ADRs like nausea, vomiting, headaches, drowsiness, fainting, loss of 

coordination, and hypotension (189), which sometimes lead to acute hospitalisations. If alcohol 

is concomitantly taken with NSAIDS, it may cause internal bleeding due to enhancing severe 

ulceration in patients with peptic ulcer or ex-peptic ulcer or gastritis (190). Onder et al. (9) 

reported that moderate alcohol consumption was associated with a 24% increased risk of ADR-

related hospital admission. This effect seemed more evident in women than men, while it was 

similar across different age groups. Considering the most common ADRs, moderate alcohol 

users presented a significantly higher risk of drug-related and metabolic/endocrine 

complications (191). Przybylski et al. (192) from Poland reported that alcohol abuse was 

independently associated with ADR-related hospitalisation among TB patients and lead to 

unsuccessful TB treatment of 10.5% of the patients.  

1.9.6 Malnutrition  

Malnutrition (based on BMI, protein-energy or micronutrient deficiencies) is one of the major 

public health problems world-wide, especially in most developing countries (193). There are 

multiple aggravating factors in developing countries, such as the high burden of TB and HIV 

infection, which adversely affect the nutritional status of patients (193-195). Malnutrition leads 

to adverse drug outcomes as the pathophysiological changes encountered in nutrient 

deficiencies interfere with pharmacokinetic and pharmacodynamic processes in the body (196). 

Malnutrition can also alter plasma and tissue protein quantitatively (197). Therefore, the 

http://www.ncbi.nlm.nih.gov/pubmed?term=Przybylski%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24643127
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plasma protein binding capacity for commonly used drugs, such as anti-inflammatory and anti-

TB drugs can be decreased, resulting in an increased free fraction of the drug and hence ADRs. 

In addition, patients with hepatic and renal impairment are exceptionally vulnerable to 

developing malnutrition because of the key role played by the liver and kidney in regulating 

the nutritional state and energy balance. When these are adversely affected, the risk of ADR 

increases (198). 

1.9.7 HIV/AIDS and using antiretroviral therapy  

Immunosuppression with HIV and opportunistic infections are a known risk factor for ADR-

related hospitalisation (199). Mehta et al. (23) reported that patients’ HIV positive status tended 

to increase the risk of experiencing ADRs and mortality compared to those who were HIV 

negative or whose HIV status was unknown. HIV-infected patients taking antiretroviral therapy 

(ART) were also more likely to be admitted with an ADR than those not taking ART (23). 

Dimie et al. (199) reported that AIDS-defining illnesses due to direct ART-related 

complications in general and zidovudine-induced severe anaemia requiring blood transfusions 

in particular were the most common reasons for hospital admissions. Severe anaemia increased 

the risk of mortality six-fold. Similarly, Henry et al. (200) from Cameroon reported that 

zidovudine-related severe anaemia was one of the common reasons for hospital admissions. 

1.10 Preventing ADRs 

The logical approach for improving patient care and reducing the incidence of ADR-related 

hospitalisation is to focus on preventable or avoidable types of ADRs. Measuring 

preventability is important to classify ADRs as preventable or not preventable, but the ultimate 

aim remains to characterise those preventable ADRs, highlighting the clinical situations and 

drug classes related to the risk. To date, there is no gold standard method for assessing 
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preventability of ADRs, however, the majority of the studies conducted in this field have used 

the modified Schumock and Thornton (201) criteria followed by Hallas’ avoidability 

assessment criteria (202).  

Hallas et al. suggested a quick outline to aid in assessor rating of preventability of ADRs (202).  

Hallas defines three categories - unavoidable, possibly avoidable and definitely avoidable. 

Unavoidable means the ADR could not have been avoided by any reasonable means. Possibly 

avoidable means the ADR could have been avoided by an effort exceeding the obligatory 

demands of present day knowledge of good medical practice. Definitely avoidable means the 

ADR was due to drug treatment procedures inconsistent with present day knowledge of good 

medical practice. 

Studies show conflicting evidence on which instrument have the highest reliability for 

assessing ADR preventability (203, 204). Reliability was not reported in most studies and when 

reported, it varied markedly across studies. It was demonstrated that intra- and inter-rater 

reliabilities of the preventability judgements of ADRs were poorer when using implicit 

instruments compared to an explicit algorithm (205), perhaps due to the larger impact of the 

individual reviewers’ clinical judgement in implicit instruments. Therefore, studies 

summarised in Figure 1.6 show wide variations in the rates of preventable ADRs reported, 

ranging from 20.1% to 83.3% (11, 30, 32, 34, 41, 47, 50, 55, 58, 95, 152, 206).  

 

 

 

 



28 
 

 
 

Table 1. 5 Schumock and Thornton criteria for assessing ADR preventability  (201). 

Preventability scale  Description of each scale  

a) Definitely 

Preventable 

 

1. Was there a history of allergy or previous reactions to the drug?              

 Yes       No 

2. Was the drug involved inappropriate for the patient’s clinical condition?      

 Yes       No 

3. Was the dose, route or frequency of administration inappropriate for the 

patient’s age, weight or disease state? 

    Yes       No 

4. Was a toxic serum drug concentration (or laboratory-monitoring test) 

documented?  

     Yes       No 

5. Was there a known treatment for the adverse drug reaction?  

     Yes       No 

b) Probably 

Preventable 

 

1. Was required therapeutic drug monitoring or other necessary laboratory 

tests not performed?                       

  Yes       No 

2. Was a drug interaction involved in the ADR?  

 Yes       No 

3. Was poor compliance involved in the ADR?    

 Yes       No 

4. Were preventative measures not prescribed or administered to the 

patient?                                                        

 Yes       No 

c) Not preventable If all above criteria not fulfilled 

Answering “yes” to one or more of the questions in section “a” of the modified Schumock and 

Thornton criteria implies that an ADR is definitely preventable. If the answers are all negative 

to section “a”, then one proceeds to section “b”. Answering “yes” to one or more of the 

questions in section “b” implies that an ADR is probably preventable and if the answers are all 

negative to section “b”, then one proceeds to section “c”. In section “c”, the ADR is not 

preventable as described in Table 1.5 above. 
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Figure 1. 6 Proportion of overall and preventable ADRs of relevant studies (11, 30, 32, 34, 

41, 47, 50, 55, 58, 95, 152, 206). 

1.11 Strategies for preventing ADRs 

Strategies for preventing ADR-related hospitalisations focus on either the process of care or 

highlighting patients at risk of ADRs or both, so that appropriate interventions can be tailored 

to prevent the occurrence of an ADR (14, 207-209). For successful prevention of ADR-related 

admission, it is advisable to use a combination of both strategies as the healthcare environment 

and patients’ clinical characteristics are complex in nature. ADR preventative strategies 

focusing on processes of care includes: utilisation of a computerised system, pharmacy-led 
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interventions, strengthening pharmacovigilance and ADR reporting systems, use of clinical 

tools, monitoring ongoing drug therapy, and preventing drug interactions.  

The second ADR prevention strategy involves the identification of risks or developing risk 

prediction models to identify patients at risk of ADR. A primary effort to develop a risk 

prediction model was ensued by Elnicki and Schmitt in 1980 using ADE as an outcome (210). 

Approximately a decade later, Bates et al. (211) identified two independent variables, patients 

admitted to ICU and those with longer length of stay, predictive of ADE in a cohort of 4108 

admissions. Based on their finding, Bates et al. concluded that preventive strategy based on 

patient risk identification is less effective and recommended system-based approach as an 

alternative. In 2006, Johnston and colleagues (212) identified specific patients and clinical 

characteristics related to increased risk of experiencing adverse events (including ADRs), using 

a study population of 60,206. They found that age group (<1 year & ≥60 year), diagnosis, 

admission sources, types of insurance, and the use of specific medications or medication 

classes were associated with increased risk of adverse events (212). Another study by Zopf et 

al. (14) identified five independent predictors of ADRs. These were increased temperature, low 

thrombocyte levels, low erythrocyte levels, multiple drug use and female sex, with an AUROC 

of 80.0%, sensitivity of 64.0%, and specificity of 86.0%. More recently, Parameswaran et al. 

(213) identified five independent predictors of ADR-related hospitalisations in elderly patients 

with an AUROC of 70%. According to this study, independent variables predictive of ADR-

related admissions in the elderly were drug changes in the preceding 3 months, presence of 

renal failure and dementia, use of antihypertensives and anticholinergics. Many studies have 

identified several strategies for preventing ADR-related hospitalisations; these are discussed in 

more detail below. 
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1.11.1 Strengthening local pharmacovigilance centres and ADR reporting systems 

One of the foundations of identifying and managing ADRs is an effective ADR monitoring and 

reporting system. However, there is a lack of well-established national and local surveillance 

systems, especially in developing countries, with spontaneous ADR reporting remaining 

consistently poor, largely due to a lack of education and strong ADR reporting system (214). 

Hence, encouraging and improving levels of ADR monitoring and reporting represents a major 

component in a strategy for detecting and preventing ADRs through: 

• improving education and changing attitudes about ADR reporting;  

• greater involvement of pharmacists and multi-disciplinary teams;  

• strengthening drug and therapeutic committees; and  

• formation of more localised pharmacovigilance centres.  

On the other hand, implementing a mandatory ADR reporting system that encourages reporting 

and safeguards healthcare providers from repercussions creates an environment that is more 

insightful for reducing the prevalence of ADRs on the healthcare system. Interestingly, studies 

suggested that decentralised, interactive pharmacovigilance centres might improve levels of 

ADR reporting (215, 216). The risk of ADRs have been minimised through pharmacy-led 

effective drug information provision, along with continuing education regarding medication 

safety and quality use including herbal and OTC medications (217, 218). Through establishing 

and strengthening of the existing local pharmacovigilance centres, the perceived barriers and 

difficulties in early identification and reporting of ADRs can be overcome. 

1.11.2 Preventing drug interactions 

Most drug-drug interactions and subsequent ADRs involve commonly used medications. It has 

been reported that drug interactions were a major cause of significant ADR-related hospital 



32 
 

 
 

admissions (33). The risk of ADRs due to drug-drug interactions is substantially higher when 

more medications are being prescribed. For example, bleeding with warfarin therapy is 

increased with co-administration of NSAIDs, omeprazole and/or statins (219). Hospitalisation 

for hypoglycaemia was six times more likely with concomitant administration of glyburide and 

trimethoprim-sulfamethoxazole; digoxin toxicity was twelve times more likely with 

clarithromycin; and hyperkalaemia was twenty times more likely with concomitant 

administration of ACE inhibitors and potassium-sparing diuretics than individual drugs as 

reported by Juurlink et al. (220). Therefore, emphasis should be placed on individual drug 

pharmacokinetics/pharmacodynamics and patient conditions to identify drug interactions 

through clinical judgement and/or use of online drug interaction checkers, like Lexi-Interact 

Online, and Micromedex-2 software for subsequent prevention of ADR-related admissions 

(221, 222).  

1.11.3 Pharmacy/pharmacist-based interventions 

There are different forms of pharmacy/pharmacist-based interventions. These include ongoing 

drug therapy monitoring, which is a process in which pharmacists actively review patients’ 

records, identify and resolve drug therapy problems such as ADRs, and communicate with 

prescribers when problems occur (223). In contrast, therapeutic drug monitoring (TDM) is the 

clinical practice of measuring specific drugs at designated intervals to maintain a steady 

concentration in a patient's bloodstream, thereby optimising safe, effective therapy and 

individualising dosage regimens (224). TDM is employed mainly for drugs with narrow 

therapeutic ranges, marked pharmacokinetic variability, target concentrations that are difficult 

to monitor, and known to cause adverse effects. However, drug therapy monitoring using blood 

samples is not feasible for routine clinical practice due to economic, ethical and clinical points 

of view.  
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Alternatively, pharmacist-centred ongoing drug therapy monitoring processes (in some 

conditions it includes TDM) include three steps, which are reported to prevent drug-related 

problems such as ADRs (225). The first step is enhancing active participation of patients in 

their medication management and their own health decisions through education about their 

drug therapy, potential ADRs, and actions to take if problems occur. The second step is 

assessment of patients’ drug therapy regularly in order to ensure that patients take their 

medications as prescribed, proactively identify and resolve ADRs as they occur, and assess 

therapeutic effectiveness. The third step is ensuring that appropriate laboratory tests that can 

objectively rule-out or rule-in suspected ADRs are done, assessed, and adjustment of drug 

therapy is performed accordingly.  

Medication reconciliation involves the process of avoiding such unintentional medication 

discrepancies with subsequent reduction in medication errors and ADRs across transitions in 

the patient care process (226). This is achieved through reviewing their complete medication 

regimen at the time of admission, transfer, and discharge, and comparing it with the regimen 

being considered for the new setting of care. Patients often receive new drugs or have variations 

made to their existing drugs at the times of transitions in the care process - upon hospitalisation, 

transfer from one unit to another, or discharge from the hospital to home or referral to another 

facility. During the transition processes, unintentional changes occur frequently for a variety 

of reasons, such as hospital-based clinical practitioners not being able to easily identify patients' 

complete medication lists before admission or being uninformed of recent medication changes. 

As a result, the new medication regimen prescribed at the time of discharge may 

unintentionally omit needed medications, unreasonably duplicate existing therapies, or contain 

incorrect dosage regimens. More than 40% of medication errors are believed to result from 

inadequate medication reconciliation processes during admission, transfer, and discharge of 

patients (227). About 20% of these medication errors are believed to result in harm (228). The 



34 
 

 
 

majority of these errors would be averted if medication reconciliation processes in general, or 

pharmacy-led medication reconciliation interventions in particular, were in place (229). In 

addition, a 2016 systematic review by Mekonnen et al. (229) found that pharmacist-led 

medication reconciliation processes could prevent medication discrepancies and subsequently 

ADRs at hospital admissions.   

Proactive pharmacy-led interventions such as medication reviews and community pharmacist 

interventions also help in preventing ADRs, due to pharmacists’ expertise in pharmacotherapy, 

adverse effects and clinical use of medications. Recent meta-analyses (230, 231) revealed that 

pharmacist-led interventions, such as medication review, that involved a number of implicit 

structured methods to identify drug-related problems or a combination of explicit and implicit 

approaches including involvement in ward rounds, have reduced unplanned hospital 

admissions and ADRs. On the other hand, Home Medicines Reviews conducted by an 

accredited pharmacist in the patient's home have shown good evidence to support the role of 

pharmacists in addressing the drug burden index and the medication appropriateness index 

(232). Moreover, pharmacist-led nursing home medication reviews have reduced 

polypharmacy with a subsequent reduction in drug burden index and cost (233-235). Therefore, 

pharmacist-led interventions designed to optimise medication use have a key role to reduce the 

risk of ADRs. Effective communication among multi-disciplinary teams including physicians, 

clinical pharmacists and nurses with integral parts in providing clinical services have been 

shown to reduce medication errors and inappropriate medication use with subsequent 

improvements in the occurrence of ADRs (215, 236). 

1.11.4 Use of clinical tools  

The use of explicit clinical tools such as Beers, STOPP (screening tool of older persons’ 

potentially inappropriate prescriptions) and START (screening tool to alert doctors to right 
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treatment) criteria can help identify medications causing ADRs and result in significant 

reduction of the ADRs (237, 238). The Beers criteria are the most commonly used criteria to 

assist clinicians in preventing ADRs in older adults (239, 240). According to 2015 updated 

Beers criteria, medication classes are divided into three categories based on the updated criteria 

(239). These included potentially inappropriate medications and classes to avoid in older adults, 

potentially inappropriate medications and classes to avoid in older adults with certain diseases 

and syndromes that the drugs listed can exacerbate, and finally medications to be used with 

caution in older adults. Similarly, potentially inappropriate medications, as defined by 65 

clinically important STOPP criteria, are significantly associated with avoidable ADRs that 

contribute to urgent hospitalisation in older persons (241). Moreover, the STOPP and the 

START criteria represent the more common avoidable instances of inappropriate prescribing 

in older persons in day-to-day clinical practice. The START criteria consist of 22 evidence-

based prescribing indicators for commonly encountered diseases in older persons, which have 

been validated in the same fashion as the STOPP criteria and represent the more common 

instances of inappropriate omission of potentially beneficial medications (242). On the other 

hand, use of implicit criteria, such as the medication appropriateness index (MAI) is the most 

common approach that predicts adverse drug events in older adults (243-245).  

1.11.5 Effective use of informatics and computerised systems 

Effective use of health informatics and computerised systems such as electronic databases and 

the internet, enables healthcare facilities to utilise software programs and facility-wide systems 

that prompt warnings for potential ADRs when medical practitioners order medications for 

patients (246). These prompt warnings often include consideration of a patient’s age, weight, 

underlying clinical conditions and renal and liver function, providing a more holistic approach 

to creating a suitable drug treatment plan.  
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Rommers et al. (207) reported that Computerised Physician Order Entry (CPOE) and Clinical 

Decision Support Systems (CDSSs) are two types of computer-based intervention that have 

shown benefits beyond medication safety, although they have some limitations. CPOE is a 

computerised system where the prescriber accomplishes medication ordering online using 

computer programs whereas CDSS is a system used to provide computerised advice while 

prescribing and usually works in conjunction with CPOE. CDSS has the ability to execute 

automatic drug allergy and drug interaction checks, and advise on drug doses and routes. A 

study on the implementation of CPOE showed a significant decline in preventable, potential 

adverse drug events, including ADRs, from approximately 11 events per 1000 patients days to 

5 events (247) and the number of transcription errors reduced by 84%. However, there is still 

limited evidence available to show these interventions reduce the occurrence of ADRs (248). 

Therefore, improving access to various sources of information and hand-held devices with 

daily free database updates would aid improved prescribing and allow rapid checking of 

potentially hazardous drug interactions (249). In addition, adequate induction and staffing of 

medical practitioners regarding effective use of electronic databases coupled with 

strengthening of effective communication among multi-disciplinary teams help reduce the risk 

of occurrence of ADRs.  

1.11.6 Highlighting patients at risk using predictive parameters 

In addition to focusing on processes of care, highlighting patients at risk of ADRs can help in 

preventing ADR-related hospitalisations. More importantly, the central concept in developing 

a risk prediction model is the utilisation of predictors or risk factors in providing estimates of 

individual probabilities of risk and benefits. Identifying patients at high risk of ADR-related 

hospitalisation depends on several risk factors, including socio-demographics, genetic 

predisposition, drug-related and clinical factors; these factors can be used to target 



37 
 

 
 

individualised intervention. For instance, ADR predictive factors might vary due to variations 

in therapeutic options used with regard to differences in disease distribution, population socio-

demographics (9, 14, 23, 100), healthcare systems (104) and ethnic origin (168, 250). Several 

risk factors have been identified by previous studies (14, 208); however, medical practitioners 

often lack awareness of predictors of ADR-related hospitalisations or factors contributing to 

ADR-related deaths (251, 252).  

A very recent study from Australia by Parameswaran et al. (213) identified five independent 

predictors of ADR-related hospitalisations in elderly patients. These include drug changes in 

the preceding 3 months, presence of renal failure and dementia, use of antihypertensives and 

anticholinergics; these variables were used to derive an ADR prediction score. According to 

this study, the predictive ability of the score, assessed from calculation of the area under the 

receiver operator characteristic (AUROC) curve, was 70% (95% confidence interval (CI) 65–

75%). Another study from Germany (14) that aimed to characterise risk factors associated with 

ADRs established five variables as independent predictors of ADRs: increased body 

temperature, low thrombocyte levels, low erythrocyte levels, multiple drug use, and female 

sex. According to this study, the risk prediction ability of the model based on the AUROC 

curve was 80% with a sensitivity of 64% and specificity of 86%. These risk factors were 

developed based on data from 907 patients with a mean age of 60 years old. Although there 

are few studies on prediction of ADR-related hospitalisations in adults, existing evidence 

suggests that ADR-related hospitalisation risk prediction models are a possible solution for 

early identification of and intervention for elderly patients who are at higher risk for ADRs.   

1.12.  Ethiopian healthcare system 

The Ethiopian healthcare system is a three-tier healthcare delivery system. The first level, the 

district health system, comprises a primary hospital (with population coverage of 60,000-
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100,000 people), health centres (15,000-25,000 population) and their satellite health posts 

(3,000-5,000 population) that are connected to each other by a referral system. A primary 

hospital, health centre and health posts form a primary health care unit (PHCU) with each 

health centre having five satellite health posts (253).  

 

Figure 1. 7 Adapted from the Ethiopian Health Sector Development Plan 2010-2015 (253) 

 

The Health Extension Program in the primary healthcare system (at Health Post level)  is an 

innovative community-based health program that has enabled Ethiopia to increase primary 

health care coverage from 76.9% in 2005 to 90% in 2010 (254). Currently there are more than 

38,000 health extension workers (HEWs) in more than 16,000 health posts. Households are 
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organised into a health development army (HDA) for participatory learning and action 

meetings to actively engage the community in the Health Extension Program (255).  

The HEWs are trained to implement a Health Extension Package (HEP) of 16 healthcare 

activities at the kebele (village) level. All HEWs are women, at least 18 years of age, with a 

minimum of 10th grade education and recruited from the communities in which they will work. 

HEWs must complete a one-year course of instruction and field training, provided by Technical 

and Vocational Education Training Schools (TVETs), operated by the Ministry of Education. 

Upon completion of training, HEWs are assigned, in pairs, to a kebele (village) where they 

staff health posts and work directly with individual families. Health posts, therefore, are the 

first level of healthcare for the community, emphasising preventive care. HEWs spend 75% of 

their time visiting families in their homes and performing outreach activities in the community. 

The remaining 25% is spent providing services at the health posts, including immunisations 

and injectable contraceptives, among others. The 16 components of HEPs, as a preventive 

health program, promote four areas of care: disease prevention and control, family health, 

hygiene and environmental sanitation, and health education and communication. These include 

HIV/AIDS and other STIs and TB prevention and control, malaria prevention and control, first 

aid emergency measures, maternal and child health, family planning, immunisation, nutrition, 

adolescent reproductive health, excreta disposal, solid and liquid waste disposal, water supply 

and safety measures, food hygiene and safety measures, healthy home environment, personal 

hygiene and health education and communication (256). 

The secondary level in the tier is a general hospital with population coverage of 1-1.5 million 

people; and the tertiary level is a specialised hospital that covers a population of 3.5-5 million. 

According to the Ethiopian healthcare system, referral can be vertical from the lower end of 

the health tier system to the higher ones. It can be horizontal between similar levels of facilities 

in the interest of patients for cost, location and other reasons. Referrals can also be diagonal 
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when a lower level health facility directly refers patients to a specialised facility without 

necessarily passing through the hierarchical system. Overall, referrals can be among public, 

private, community based and other traditional and alternative medicine practitioners and 

sometimes social services are also included (257). 

As a tertiary level hospital, Jimma University Specialised Hospital is the major public teaching 

and referral hospital with a capacity of 600 beds in Southwest Ethiopia. The hospital provides 

both general and specialised services for approximately 200,000 patients each year. The 

hospital delivers a range of services on an outpatient, inpatient and emergency basis in various 

clinical departments including internal medicine, surgery, obstetrics and gynaecology, 

paediatrics, anaesthesia, dentistry, ophthalmology, psychiatry, pharmacy, laboratory medicine 

and radiology (258).  

1.13. ADR reporting system in Ethiopia.  

Under the Ethiopian Federal Ministry of Health, the Food, Medicine, Healthcare 

Administration and Control Authority (FMHACA) carries out post-marketing surveillance of 

pharmaceuicals. The primary role and mandate of FMHACA is to ensure that marketed 

medicines are safe and of good quality for the public. The authority has the responsibility to 

investigate safety concerns and take action to prevent and minimise medicine-related harm. 

FMHACA consults the national drug advisory committee that is composed of mutidisciplanary 

health professionals team to evaluate drug safety concerns and recommends possible action to 

be taken by the authority. According to the FMHACA, all suspected ADRs, detected 

medication errors or product quality defects should be reported to the pharmacovigilance centre 

at FMHACA via the yellow prepaid report form available at each health facility (from primary 

to tertiary level), via telephone or via email. When the reports have been received by FMHACA, 

an acknowledgement letter is sent to the reporter and follow-up questions need to be answered. 

The ADR report details collected at the FMHACA level will electronically be sent to the WHO 
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Collaborating Centre for International Drug Monitoring, the Uppsala Monitoring Centre (UMC) 

in Sweden (259).  

There are different stakeholders involved in ADR reporting from the healthcare facility level 

to the federal pharmacovigilence centre with different roles and responsibilities. These includes, 

but are not limited to patients and consumers, all healthcare professionals, drug and therapeutic 

committees (DTCs) and the marketing authorisation holders, such as pharmaceutical industry, 

drug and chemical importers, wholesalers and distributors. The DTC is a technical working 

group established at each health facility level with representative members from each 

department with the aim of managing medication use problems including assessment of ADEs, 

implementing programs to track ADEs, and designing interventions, methods and procedures 

that will prevent the occurecne of ADEs (259).  

Ethiopia established its own pharmacovigilance database management system under 

FMHACA in 2002 (260). Following this, Ethiopia became a full member of the WHO program 

for international drug monitoring (261), however, the ADR reports received from the centre 

are limited in numbers. For instance, a total of 249 ADR cases were reported between 2002 

and 2007 with an average of 0.5 ADR cases per million population per year. More than half 

(63%) of the cases were from health facilities in the capital city. Most (76.0%) of the ADRs 

were reported by physicians. More than two-thirds (70.0%) of the ADRs were associated with 

antiretroviral drugs (260). Spontaneous reporting of ADRs is a significant activity to improve 

the safety of medicines and health care professionals are pivotal players in spontaneous 

reporting of ADRs. However, surveys conducted at different times and places revealed that the 

majority of healthcare professionals have inadequate levels of knowledge and practice towards 

ADR reporting although they have positive attitude for reporting (262-264).  
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1.14. Definitions and methods used in this study  

The discrepancy in terms is a major source of error when comparing studies and their 

methodologies. A widely accepted, formal definition would allow for better comparison 

between ADR-related hospitalisation studies and their impact worldwide. For the purposes of 

this study, we adopted the WHO ADR definition because this definition is intended to include 

all doses used clinically but exclude deliberate overdose and has been used widely in ADR 

studies over the last 40 years (22, 23). Additionally, compared to other definitions described in 

Section 1.2, the WHO ADR definition comprehensively describes ADRs that encompasses all 

ADRs no matter their severity level.  

The Naranjo method was chosen to assess ADR causality in this study because it has been 

widely used in observational studies because of its simplicity to apply and its objective 

measurement (89). In addition, the Naranjo ADR Probability Scale is quick to complete when 

compared to other more comprehensive and detailed methods. The Naranjo algorithm has the 

advantage of a reduction in inter-rater disagreement and uncertainty in evaluation of potential 

ADRs and therefore it is commonly utilised by pharmacovigilance centres of several nations 

(265).  

The severity of ADRs in this study was assessed using the Hartwig et al. severity scale because 

it is simple, easy to use, has clear definitions, and it has been  applied in prospective study of 

ADR-related hospitalisations (47). Additionally, this scale uses the principles of ADR severity 

assessment based on length of stay, treatment requirement, and the patient’s prognosis that are 

important parameters to characterise the most common ADRs of public health relevance, 

particularly in resource-limited settings, such as Ethiopia.  

Although some ADRs are unavoidable and occur even with the most extraordinary precautions 

in place, a large proportion of ADRs may be preventable (266). The Schumock and Thornton 
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criteria was chosen for assessing ADR preventability in this study because it is widely used in 

observational studies and clinically focussed to assess avoidability of an ADR. According to 

Schumock and Thornton criteria, preventable ADRs include but are not limited to: allergic 

reactions where the allergy is previously known and/or documented; avoidable dose-related 

reactions; idiosyncratic reactions that have occurred previously; ADRs secondary to drug 

interactions; and ADRs associated with inappropriate compliance, prescribing, or 

administrations.  

1.15. Rationale of the study 

ADRs are a major health problem for the public (267) and are associated with morbidity, 

hospitalisation, mortality and additional costs (10). Studies have reported that the prevalence 

of ADR-related hospitalisation varies from 0.2% (28) to 54.5% (29). Severe ADRs were an 

important reason for extensions of the hospital stay in approximately 20.0% of patients (41), 

and can cause life-threatening effects and admission to intensive care unit in up to 19.0% of 

the ADR cases (40, 42, 43). Studies focusing on predictors of ADR-related hospitalisations are 

from developed countries and have focussed on the older population (9-11, 14). However, there 

are significant variations between the populations of developed and developing countries with 

regard to disease distribution (9, 14, 23, 100), population demographics (9, 14, 23, 100), 

healthcare systems (104), complexity of diseases, medications prescribed (9, 14, 94), and 

ethnic origin (168, 250).  

Despite reporting of the burden of diseases, all-cause mortality, medication use patterns and 

associated adverse events, to our knowledge, there are no studies focusing on ADR-related 

hospital admissions and mortality in Ethiopia. However, there are number of factors 

suspected to increase the risk of ADR-related hospital admissions. These include, but are not 

limited to, a higher proportions of patients who take anti-TB agents and ART (268), 
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traditional remedies (269), and concomitant anti-TB and antiretroviral therapies with 

overlapping adverse effects (270) than in developed countries. In addition, there is a higher 

proportion of the slow acetylator phenotype among patients on ART and anti-TB drugs that 

increases susceptibility to ADRs (271). Moreover, there are higher frequencies of genetic 

variants conferring increased risk for ADRs for commonly used drugs treating cancer, 

HIV/AIDS and tuberculosis (271, 272) in people of African descent. Furthermore, there are 

higher proportions of patients with concomitant infectious and non-communicable diseases 

taking multiple medications for long-term or life-long therapy than in developed countries 

(23, 199, 200, 273, 274). Unlike developed countries, there is substantial all-cause mortality 

rate among patients presenting to emergency departments (275), a high rate of mortality 

among HIV/TB co-infected patients on drug therapy (276), a less health-literate population 

(277), a lesser ability to provide healthcare (278), and a higher prevalence of malnutrition 

(279, 280).  

Given ADRs are associated with substantial clinical, economic, and humanistic problems in 

the healthcare system, our research aimed to address a gap in knowledge to allow developing 

(and developed) countries to better understand and address the level of problem. Considering 

the overall burden of ADR-related hospitalisation and mortality, the application of prevention 

strategies to prevent ADRs is of great importance, thus, this research intended to identify key 

areas for intervention to help reduce the ADR-related hospitalisation and mortality. To address 

the gaps in knowledge, the level of the problem and intervention areas, especially in developing 

countries, we conducted a review of the current literature followed by a prospective 

observational study. The review compared the prevalence and contributing factors of ADR-

related hospitalisations in developed and developing countries. Despites the differences in the 

healthcare system, patient demographics, disease distribution and drug therapy used, the review 

showed that the burden of ADR-related hospitalisations and mortality is comparable between 
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developed and developing countries. Following this, prospective observational studies 

determined the prevalence of ADR-related hospitalisation and mortality in adults; identified 

drugs commonly implicated in hospitalisation and mortality; characterised the severity and 

patterns of ADRs; highlighted the patients at higher risk for ADR-related hospitalisation using 

an ADR risk prediction model and determined preventability of ADRs. 

1.16. Aims 

The overall aim of this thesis was to investigate ADR-related hospitalisation and mortality in 

Ethiopian adult patients.  

Specific objectives were to: 

• Summarise and compare existing literature on the prevalence and contributing factors 

of ADR-related hospitalisation between developing and developed countries.  

• Characterise the ADR types, severity, preventability and the drugs implicated in 

hospitalisation and identify predictors of ADR-related hospitalisation. 

• Determine the mortality rate attributable to ADRs in patients presenting to hospital, 

identify drugs implicated in the ADR-related deaths and identify factors contributing 

to ADR-related mortality.   

• Determine the prevalence, severity and clinical patterns of DIH and identify commonly 

implicated drugs in DIH-related hospital admissions. 
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Chapter Two 

2. Adverse drug reaction related-hospitalisations in developed 

and developing countries: A review of prevalence and 

contributing factors  

2.1 Abstract 

Adverse drug reactions (ADRs) are one of the leading causes of hospital admissions and 

morbidity in developed countries and represent a substantial burden on health care delivery 

systems. However, there is little data available from low and middle-income countries. This 

review compares the prevalence and characteristics of ADR-related hospitalisations in adults 

in developed and developing countries; including the mortality, severity, and preventability 

associated with these events, commonly implicated drugs and contributing factors. A literature 

search was conducted via PubMed, Scopus, Web of Science, Embase, ProQuest, and Google 

Scholar to find articles published in English from 2000 to 2015. Relevant observational studies 

were included. The median (with interquartile range (IQR)) prevalence of ADR-related 

hospitalisation in developed and developing countries were 6.3% (3.3%-11.0%) and 5.5% 

(1.1%-16.9%), respectively. The median proportion of preventable ADRs in developed and 

developing countries were 71.7% (62.3%-80.0%) and 59.6% (51.5%-79.6%), respectively. 

Similarly, the median proportion of ADRs resulting in mortality in developed and developing 

countries were 1.7% (0.7%-4.8%) and 1.8% (0.8%-8.0%), respectively. Commonly implicated 

drugs in both settings were antithrombotic, non-steroidal anti-inflammatory, and 

cardiovascular drugs. Older age, female gender, number of medications, renal impairment, and 

heart failure were reported to be associated with an increased risk for ADR-related 

hospitalisation in both settings while HIV/AIDS was implicated in developing countries only. 
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The majority of ADRs were preventable in both settings, highlighting the importance of 

improving medication use, particularly in vulnerable patient groups such as the elderly, patients 

with multiple comorbidities, and those in developing countries with HIV/AIDS. 

2.2. Key points 

Reviews comparing the prevalence of ADR-related hospitalisations and contributing factors 

among adults in developed and developing countries were uncommon. 

ADR-related hospitalisations from the influence of HIV/AIDS and other infectious diseases 

and their associated medications are the main difference in developing countries.  

 There was wide variation in the prevalence of ADR-related hospitalisations among studies due 

to lack of golden standard tools for causality assessment, severity scaling and preventability 

classification.  

The use of a standardised approach for assessment of ADR causality, severity, and 

preventability would greatly contribute towards an improved understanding of the global 

nature and extent of ADRs. 
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2.3 Introduction 

The World Health Organisation (WHO) defines an adverse drug reaction (ADR) as: “any 

response to a drug which is noxious and unintended, and which occurs at doses normally used 

in man for prophylaxis, diagnosis, or therapy of disease, or for the modification of 

physiological function” (21). ADRs are a major health problem for individuals and the public 

in general (267); studies from different parts of the world have reported that the overall 

prevalence of ADR-related hospitalisation varies from 0.2% (28) to 54.5% (29).  

The wide variation in the prevalence of ADR-related hospitalisations among studies is due to 

differences in disease distribution and population characteristics (9, 14, 23, 100), healthcare 

systems (104) and ethnic origin (168, 250). In addition, complicated case management with 

multiple medications, mainly in studies from developed countries (9, 14, 94, 281), and 

differences in study designs (retrospective vs prospective) (282) have contributed to the 

variations in reported prevalence. Moreover, differences in the definition of ADR used (24, 

283) and ADR causality assessment methods (84, 88) have contributed to these variations. 

Between 1998 and 2015, six reviews reported a prevalence of ADR-related hospitalisation in 

adult populations of 0.16% to 41.3% (56, 106, 117, 284-286).  There were, however, a number 

of limitations to these reviews. Some reviews applied a search strategy using a limited number 

of key words and search engines. As a consequence, relevant studies may have been excluded. 

In addition, some reviews provide limited information about the method used for ADR 

detection, causality assessment, proportion of severe and preventable ADRs, ADR-related 

mortality, and specific risk factors contributing to the occurrence of ADRs. The reviews 

commonly included studies from developed countries, focusing on mainly the elderly and 

paediatric groups.  
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In developing countries, the risk of ADR-related hospitalisation is becoming a major health 

concern as a result of increasing numbers of patients presenting with common morbidities such 

as human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) and 

tuberculosis comorbid with other chronic illnesses (23, 199, 200, 273). The specific concerns 

of the developing world (where majority of the population are young adults (287)) have not 

been considered in previous reviews. The use of complex and relatively new therapies in these 

settings may make detection and reporting of ADR-related burden more crucial than before 

(199, 200). Similarly, a growing attention to chronic diseases and their complicated 

management with multiple medications presents an important clinical burden for developing 

healthcare settings (273). In addition, most developed countries with effective regulatory 

systems and market control (e.g. United States of America, European Union, Australia, 

Canada, Japan, New Zealand) currently have a very low proportion, i.e. less than 1% of market 

value of counterfeit medicine, however, in many developing countries of Africa, parts of Asia, 

and parts of Latin America have areas where between 10% and 30% of the medicines on sale 

can be counterfeit (288). We therefore undertook a review with a focus on comparing the 

prevalence of ADR-related hospitalisation, mortality, severe reactions and commonly 

implicated drugs among adults in developed and developing countries. In addition, we 

reviewed information on contributing risk factors, and the prevalence of preventable ADR-

related hospitalisations which represent an important target for intervention. 

2.4 Methods 

A literature search focusing on ADR-related hospitalisations was conducted via PubMed, 

Scopus, Web of Science, Embase, Proquest, and Google Scholar to find articles published in 

English from 2000 to 2015 using key terms: “adverse drug reactions”, “drug related side 

effects”, “adverse drug events”, “adverse drug effects”, “medicine-related problems”, “drug-
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related problems”, “drug toxicity”, “drug therapy problems”, ”adult patients”, “elderly 

patients”, “older patients”, “geriatric patients” combined with “hospitalization”, “emergency 

admission”,  “hospital admission”, “acute care admission”, and “hospitalisation”. The search  

was conducted between December 2014 and December 2015. 

Observational studies that estimated the prevalence of ADRs prospectively and/or 

retrospectively were included. We excluded studies which focused on ADRs and adverse drug 

events (ADEs) in relation to a specific drug or drug group (e.g. anticoagulants); a specific 

clinical condition (e.g. renal failure); those investigating ADR-related hospital readmissions; 

those carried out in intensive care unit; and studies reporting medication errors, therapeutic 

failures, non-compliance, accidental and intentional poisoning, and drug abuse. Study 

participants included were patients (age ≥ 15 years) admitted due to ADRs. For studies that 

included all ages in the study population, only data for patients aged 15 years and over were 

included in this review. For inclusion in this review, studies had to include an explicit definition 

of what was considered as an ADR (e.g. WHO (283) or Edwards and Aronson(24) definition), 

an explicit assessment of causality (e.g. Naranjo (88) or WHO(283)), a clear description of the 

method used for ADR identification, and exploration of factors associated with the risk of 

ADR. Duplicate studies were removed by screening on title, abstract, and full text. 

For data analysis, we categorised ADRs as either severe or non-severe based on the information 

obtained in the selected studies, according to the classifications of Hartwig et al. (46) and 

Morimoto et al. (27). Severe ADRs were those leading to hospital admissions and prolonged 

existing hospitalisation, leading to permanent defects or life threatening complications, 

demanding a dosage reduction and therapy cessation, or requiring additional therapeutic 

measures or specific treatment (27, 46), whereas others were non-severe. Similarly, we 

categorised ADRs as preventable and non-preventable according to the details provided, using 

the Hallas et al. (202) and Schumock et al.(201) classification criteria. ADR-related mortality 
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was recorded from ADRs leading to death (fatal ADRs). ADRs were classified as type A (dose 

dependent, augmented pharmacological and predictable reactions) and type B (bizarre, dose 

independent and non-predictable reactions) according to the Rawlins and Thompson 

classification method (75). We categorised countries into developing or developed on the basis 

of socio-economics, per capita income, industrialisation, literacy rate, and living standards 

published by the World Bank (289). ADR-related admission was defined as ADRs which were 

assessed as being implicated directly as a reason for admission and the ADRs identified at the 

time of medical admission that have contributed directly or indirectly to the hospital admission.  

The following data was extracted: 

1. Study characteristics: country; year conducted; study design (prospective or retrospective); 

number of study participants. 

2. Identification of ADR-related burden: prevalence of ADR-related admission; associated 

mortality; proportion of severe and preventable ADRs; ADR identification techniques. 

3. Information relating to the ADR: implicated drug(s); commonly reported ADRs; associated 

risk factors (including age, gender, polypharmacy, co-morbidity); ADR types. 
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 Figure 2. 1 Flow chart showing inclusion and exclusion of articles used in this review  

2,948 articles (using the above 
key terms) 

200 articles screened for relevance  

101 articles reviewed for 
inclusion  

43 articles included in this 
review   

Criteria for exclusion of 2748 articles: 
• Study design (not comparative/ 

observational) = 1,328 
• Full text not available = 432 
• Publication year before 2000 = 415 
• Non-human study = 121 
• Not published in English = 113 
• Duplicate articles = 339 

Criteria for exclusion of 99 articles: 
• Specific to single drug-related effect = 38 
• Specific to single clinical condition = 27 
• Reporting of non-compliance, therapeutic 

failure and drug abuse as outcomes = 22 
• Conducted in an intensive care units = 12 

58 studies excluded: 
• ADR-related admission was not main aim = 11 
• Systematic review, review article = 6 
• Described medication errors and  adverse 

events as outcome = 21 
• Described in-hospital ADRs as an outcome        

= 12 
• ADR definition* and identification technique 

not clear = 8 
 

*Indicates ADR definitions used in this review: WHO definition: “any response to a drug which is noxious 
and unintended, and which occurs at doses normally used in man for prophylaxis, diagnosis, or therapy of 
disease, or for the modification of physiological function” [21].Edwards and Aronson definition: “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 ”[24]. 
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2.5 Results 

Based on the inclusion and exclusion criteria, 43 articles exploring ADR-related 

hospitalisations in more than 2.1 million adult patients (2,009,751 patients in developed 

countries and 131,649 patients in developing countries) were identified (Table 2.1). The study 

designs varied from a large retrospective hospital database review of 668,714 patients(12) to a 

small prospective cross-sectional clinical study of 106 patients. Thirty-one studies were 

conducted solely in an adult population with the remainder in all age groups. The majority of 

the ADRs (68.2%) were type A and therefore most were potentially avoidable. Out of 43 

studies included in this review, 30 were conducted in developed countries (out of which 28 

were in Europe) and 13 studies were conducted in developing countries.  

2.5.1 Prevalence of ADR-related hospitalisations and deaths  

There was wide variation in the reported prevalence of ADR-related hospitalisations in the 43 

selected studies, from 0.2% to 54.5%. The median prevalence of ADR-related hospitalisation 

of overall studies was 6% (interquartile range (IQR), 2.7%-11.0%). The prevalence in 

developed countries ranged from 0.5% to 37.5% with the median of 6.3 % (IQR, 3.3%-11.0%), 

while in developing countries it ranged from 0.2% to 54.5% with the median of 5.5% (IQR, 

1.1%-16.9%) (Figure 2.2 and Table 2.3).  

The prevalence of ADR-related hospitalisations were relatively more consistent among studies 

in developed countries than developing countries (Figure 2). Irrespective of the socio-economic 

background of the countries, prospective studies were associated with a higher ADR 

prevalence than retrospective studies (median of 6.5% (IQR, 3.8%-11.5%) versus 4.2 % (IQR, 

1.4%-11%)).  

Out of 43 studies included in this review, only 19 reported on the severity level of the ADRs 

leading to hospital admissions. From these studies, the median proportion of severe ADRs 
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leading to hospitalisation was 20% (IQR, 9.8%-24.0%) in developed countries and 10.0 % 

(IQR, 5.7%-24.0%) in developing countries The minimum and maximum proportions of severe 

ADRs with regard to the countries were 3.6% in 4,403 Spanish patients (retrospective study) 

(98) and 62.0% in 3,190 German patients (prospective study) (94). Irrespective of socio-

economic background, severe ADRs were reported to be common in older patients with greater 

comorbidity (9) and who were taking more medications (9, 281).  Across all studies, the 

majority of ADR-related admissions were preventable. The proportion of preventable ADR-

related admissions ranged from 20.1% of 57,000 German patients (58) to 92% of 4,403 Spanish 

patients (98) with a median proportion of 71.7 % (IQR, 62.3%-80.0%) in developed countries 

and 59.6 % (IQR, 51.5%-79.6%) in developing countries. In the majority of cases, prospective 

observational studies were associated with a higher median proportion of severe ADR-related 

admissions than retrospective studies (17.2% (IQR, 5.5%-32.2%) versus 5.7 % (IQR, 9.8%-

24.0%)) (Table 2.3). Similarly, preventable ADR-related admissions were higher in 

prospective studies (75% (IQR, 56.3%-84.5%) versus retrospective studies 30% (IQR, 20.1%-

62.3%)).  
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Table 2. 1 Characteristics of selected studies examining ADR-related admissions in study population of this review 

Reference   Study design  Study population 
& sample size  

Country & year 
study conducted  

Prevalence 
of ADR 
related 
admission   

Proportion of  
severe ADR 

Proporti
on  of 
preventa
ble 
ADR 

Proportion of 
ADR related 
mortality 

Drug classes reported to cause 
ADR-related admissions 

Ahern F et al. (30) Prospective observational  Adults (n=856) Ireland, 2010 8.8% NR 57.3% NR Cardiovascular and CNS drugs  

Alexopoulou A et al. 
(16) 

Prospective observational  Adults (n=548)  Greece, 2008 12.8% 18.6%  NR NR NSAIDs, diuretics, 
antithrombotics, hypoglycaemic 
agents  

Alvarez PA et al. (35) Pharmacovigilance approach Adults (n=1045) Argentina, 

2010 to 2012 

10.7% 4.0% 85.7% 8.0% NSAIDs and antiplatelets  

Budnitz DS et al. (290) Retrospective record review Adults (n=12,666) USA, 2007 to 
2009 

37.5% NR NR NR Antithrombotic and anti-diabetic 
agents 

Brvar M et al. (39) Retrospective review of 
medical records  

Adults (n=520) Slovenia, 

2006 

5.8% NR 90.0% 0.0% NSAIDs, aspirin, warfarin 

aCarrasco-Garrido P et 
al. (15) 

Retrospective, descriptive, 
epidemiologic study 

All age groups (n= 
350,835) 

Spain, 2001 to 
2006 

1.6%  NR NR 5.6%  Antineoplastics and 
immunosuppressives  

Chen YC et al. (37) Prospective observational 
study 

Adults (n=58,569) Taiwan, 2009 to 
2010 

0.8% 24.0% 73.4% 10.0% Cardiovascular agents  

Chen YC et al. (291) Case-control study  Adults (n=20,628) Taiwan, 2009 to 
2010 

1.4% NR NR NR Anti-diabetics, analgesics, 
cardiovascular drugs and 
anticoagulants 

Franceschi M et al. 
(93) 

Prospective observational 
study  

Adults (n=1756) Italy, 2004 to 
2005 

5.8% NR 76.5% NR NSAIDs, oral anticoagulants, low-
dose aspirin, and digoxin 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahern%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23389832
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alexopoulou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19013378
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alvarez%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=24047689
http://www.ncbi.nlm.nih.gov/pubmed/?term=Franceschi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18484788
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Table 2.1 Characteristics of selected studies continued…… 

Reference   Study design  Study population 
& sample size  

Country & year 
study conducted  

Prevalence 
of ADR 
related 
admission   

Proportion of  
severe ADR 

Proporti
on  of 
preventa
ble 
ADR 

Proportion of 
ADR related 
mortality 

Drug classes reported to cause 
ADR-related admissions 

Green CF et al. (32) Review of patient medical 
records  

Adults (n=200) UK, 2000 7.5% NR 66.7% 1.0% NSAIDs and cardiovascular agents   

Hartholt KA et al. 
(103) 

Retrospective record review Adults 
(n=361,760) 

Netherlands, 
1981-2007 

17.6%  NR 40.0% NR Agents affecting blood constituents, 
cardiovascular drugs and analgesics  

Hofer-Dueckelmann C 
et al. (94) 

Prospective observational 
study  

Adults 
(n=3190) 

Germany, 
2011 

7.5%  62.0%  NR NR Diuretics and anticoagulants 

Hopf Y et al. (95) Prospective observational 
study 

Adults  
(n=1,101) 

Scotland, 2006 2.7% NR 83.3% 6.7%  Antiplatelets and NSAIDs 

Lagnaoui R et al. (292) Prospective cohort study  Adults (n=444) France, 2000 7.2%  NR 80.0%  None were 
fatal 

Antihypertensives, psychotropics, 
insulin, antineoplastics, anti-
infectives  

Mannese CK et al. 
(52) 

Prospective cross sectional  Adults (n=106) Netherlands, 
1994 

12.0% 24.0%  NR NR Oral anticoagulant  

Matanovic SM et al. 
(293) 

Prospective and observational 
study 

Adults  (n=454) Croatia, 2009 to 
2010  

11.0% NR NR NR NSAIDs and benzodiazepines  

McDonnell PJ et al. 
(33) 

Retrospective chart review All ages (n=437)   USA, 1998 to 
1999 

36.2% 24.0% 62.3% NR Chemotherapy, anticoagulants and 
antidiabetics 

Mehta U et al. (23) Prospective observational 
study  

Adults  
(n=665) 

South Africa, 
2005 

6.3% 14.1%  53.0% 1.5% Antiretroviral drugs, ACE-
inhibitors, diuretics, warfarin and 
NSAIDs 

Mjörndal T et al. (166) Patient interview and record 
review 

Adults (n=681) Sweden, 2002 12.0% NR 91.0% 
 

NR NR 

aNoblat AC et al. (66) Prospective observational 
study 

All age groups (n= 
37,658) 

Brazil, 2007 0.4% 5.7% NR 0.5% Antineoplastic and antibiotics 

Olivier P et al. (96) Prospective survey  Elderly (n=789) France, 2002 to 
2003 

8.4% NR NR NR Antibacterials and  
antithrombotics  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hofer-Dueckelmann%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21961482
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lagnaoui%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10877014
http://www.ncbi.nlm.nih.gov/pubmed/?term=McDonnell%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=12196047
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mj%C3%B6rndal%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11998554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olivier%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19591522
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Table 2.1 Characteristics of selected studies continued…… 
Reference   Study design  Study population 

& sample size  
Country & year 
study conducted  

Prevalence 
of ADR 
related 
admission   

Proportion of  
severe ADR 

Proporti
on  of 
preventa
ble 
ADR 

Proportion of 
ADR related 
mortality 

Drug classes reported to cause 
ADR-related admissions 

Onder G et al. (9) Multicentre pharmaco-
epidemiology survey 

Adults (n=28,411) Italy, 1988 to 
1997 

3.4%  20.0%  75.0%  4.0%  Cardiovascular agents and NSAIDs 

aPatel H et al. (17) Retrospective review  of 
hospital database   

All age group 
(n= 447, 071) 

UK,  1998 to 
2005 

0.5 %  NR NR NR Cancer chemotherapy, analgesics 
and cardiovascular drugs  

Patel KJ et al. (34) Prospective observational Adults (n=6899) India, 2005 6.9%  6.8% 59.6% 0.8%  Anti-tuberculosis drugs, warfarin 
and chloroquine 

Pedrós C et al. (98) Cross sectional study  
 

Adults (n=4403) Spain, 2009 to 
2010 

4.2% 
 

3.6% 92.0% 3.2% RAS inhibitors,  
oral anticoagulants,  
antiplatelets and NSAIDs 

Pérez Menéndez-
Conde C et al. (104) 

Cross-sectional, prospective 
and observational study 

Adults (n=252) Spain, 2011 19.4% 20.4% 65.0% NR Antineoplastic therapy and 
immunosuppressants 

Pirmohamed, M et al. 
(10) 

Prospective observational 
study 

Adults (n=18,820) UK, 2001 to 
2002 

6.5% NR 72.0%  2.3%  Low dose aspirin, diuretics, 
warfarin, and NSAIDs 

Pourseyed S et al. (55) Prospective observational 
study  

Adults (n=400) Iran, 2004 1.8 %  
 

14.3% 50.0% 4.3%  Antineoplastics, 
and immunosuppressives  

Pouyanne P et al. (20) Cross sectional study  Adults  
(n=3137) 

France,1998 3.2% NR NR 0.1% Cardiovascular agents  

Ramesh M et al. (42) Prospective observational 
study 

All age groups 
(n=3717) 

India, 2003 5.5% 10.0% NR 1.8% Cardiovascular agents, anti-
infectives and NSAIDs  

Rottenkolber D et al. 
(58) 

Medical record review  Adults (n=57,000) Germany, 2006 
to 2007 

3.3%  9.8%  20.1% 1.0% Antithrombotics, anti-diabetics and 
diuretics  

Ruiter R et al. (97) 
 

Review of registry of hospital 
discharge records  

Adults  
(≥55years) 

Netherlands, 
2012 

1.3%  NR NR NR Anticoagulants, anti-diabetics, 
salicylates and anti-rheumatics 

http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez%20Men%C3%A9ndez-Conde%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21570331
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez%20Men%C3%A9ndez-Conde%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21570331
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramesh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14762985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruiter%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22372725
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Table 2.1 Characteristics of selected studies continued…… 
 

Notes: a In some articles where the prevalence of ADR was not directly reported in the original publication for the study population, it was calculated as the number of patients identified with an ADR out of all 
included patients. Abbreviations: ADR, adverse drug reaction; WHO, World Health Organization; GI, gastrointestinal; NSAIDs, non-steroidal anti-inflammatory drugs; CCB, calcium channel blockers; CNS, central 
nervous system; NR, Not reported; RAS, renin angiotensin system. 

Reference   Study design  Study population 
& sample size  

Country & year 
study conducted  

Prevalence 
of ADR 
related 
admission   

Proportion of  
severe ADR 

Proporti
on  of 
preventa
ble 
ADR 

Proportion of 
ADR related 
mortality 

Drug classes reported to cause 
ADR-related admissions 

Sánchez Muñoz-
Torrero JF et al. (100) 

Prospective observational 
study 

Adults (n=405) Spain, 2009 6.0%  17.0% NR  1.6% Antibiotics, enoxaparin, phenytoin 
and atorvastatin  

Schneeweis S et al. 
(105) 

Longitudinal 
population-based study 

All age groups 
(n=41,375) 

Germany,1997 to 
2000 

2.4%  44.0%  79.0%  1.7%  Cardiovascular, antithrombotics, 
analgesics and anti-rheumatics  

Sonal Sekhar M et al. 
(28) 

Retrospective record review  Adults (n=575) India, 2002 to 
2009 

0.2% NR NR NR CNS drugs, NSAIDs, antibiotics and 
anticoagulants 

Tipping B et al. (109) Prospective cross sectional 
study 

Adults (n=517) South Africa, 
2005 

23.0% NR NR NR Cardiovascular drugs, 
anticoagulants and antidiabetics 

Tumwikirize WA et al. 
(156) 

Prospective observational 
study  

Adults (n=728) Uganda, 2005 4.5% No severe 
ADR 

NR No death  Quinine  

van der Hooft CS et al. 
(12) 

Retrospective review of 
hospital discharge record 

All age groups 
(n=668,714 ) 

Netherlands, 
2001  

1.8%  NR NR 6.0%  Anticoagulants, cytostatics, 
immunosuppressives and diuretics  

avan Der Hooft CS et 
al. (99) 

Retrospective cohort study  All age groups  
(n=3515) 

Netherlands, 
2003 

4.1% 5.7% 30.0% 0.3% Antithrombotics, cardiovascular and 
cytostatics 

Varallo FR et al. (107) Prospective cross sectional 
study 

Adults (n=248) Brazil, 2008 46.4% NR 
 

NR NR Cardiovascular drugs and 
omeprazole  

Varallo FR et al. (29) Prospective cross sectional 
study 

Adults Brazil, 2006 54.5% NR NR NR Cardiovascular, CNS and 
respiratory drugs  

von Euler M et al. (76) Retrospective review of 
computerised medical records  

Adults (n=168) Sweden, 2002 11.0% NR 70.0%  NR Warfarin, beta-blockers and insulin  

Walsh D et al. (294) Prospective observational 
study 

Adults (n=137) Ireland, 
2012 

5.1% NR 71.4% NR Antithrombotics and 
antihypertensives 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tumwikirize%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=21572860
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Hooft%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=16454543
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Figure 2. 2 Comparison of the prevalence of ADR-related hospitalisations between developed and developing countries 
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2.5.2 ADR identification methods/causality assessment techniques  

The majority of studies (N=21) used the WHO causality assessment criteria (283) for detection 

of ADRs, followed by the Naranjo et al. (88) criteria. In 7 studies, ADRs were detected by a 

team of physicians, clinical pharmacologists, and pharmacists reviewing medical records, 

discharge summaries or hospital registries (10, 14, 30, 35, 76, 93, 166).  

2.5.3 Medications associated with ADR-related hospitalisation  

There was considerable variation in medications involved in ADR-related admissions between 

developed and developing countries, possibly as a result of difference in disease distribution 

(9, 14, 23, 100), population characteristics (9, 14, 23, 100), healthcare systems (104), and 

complexity of diseases and medications (9, 14, 94). The majority of the studies found that 

antithrombotics (oral anticoagulants and antiplatelet agents) (16, 34, 35, 93-97), non-steroidal 

anti-inflammatory drugs (NSAIDs) (10, 16, 23, 35, 39, 93, 95, 98), and cardiovascular 

medications (20, 30, 34, 94, 98, 99) were commonly associated with ADR-related hospital 

admissions, irrespective of the socioeconomic status of the countries. Other implicated 

medications included anti-infectives (34, 96, 100), antineoplastics, immunosuppressants (12, 

15, 104), and antidiabetic agents (16, 76, 97). However, anti-infectives were more commonly 

reported to be associated with ADR-related admissions in developing countries (23, 28, 42, 66, 

156) than developed countries. Top three ADRs commonly reported to cause hospital 

admissions were gastrointestinal (GI) bleeding (12, 20, 34, 97, 100, 105), electrolyte and 

metabolic disturbances (9, 16, 23, 58, 94) and cardiovascular disorders (9, 17, 20, 30, 32, 291) 

(Table 2.1). 
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2.5.4 Risk factors associated with ADR-related admissions  

Thirty studies included in this review have reported risk factors associated with ADR-related 

hospitalisation of adults, detailed in Table 2.2. These risk factors for hospital admissions have 

been categorised as patient-related, disease-related, medication-related, and healthcare-related. 

Eight studies found older age to be an independent predictor for ADR-related admissions 

(Table 2.2). Five studies reported that female gender was an independent risk factor for ADR-

related admissions (9, 20, 94, 97, 169). Increasing medical complexity, both in terms of number 

of co-morbidities (9, 95) and number of medications (9, 14, 16, 17, 94, 96-98), were reported 

to be associated with an increased risk for ADR-related hospitalisations. In addition, specific 

medical conditions such as HIV (23), renal failure (100) and heart failure (9) were also reported 

to be associated with ADR-related hospital admissions, with HIV identified as a risk factor for 

ADR-related admission only in developing countries. 
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Table 2. 2 Identified predictors for ADR-related admissions  

Category of predictive risk 

factors  

Identified specific predictors [referenced studies]  

Patient-related Age (15, 20, 39, 55, 98, 99, 103) 

Female gender (9, 20, 94, 97, 169) 

Disease-related  Number of comorbidities (9, 95) 

Higher Charlson Comorbidity Index (37) 

Severe ADRs (37) 

Renal failure (100) 

Heart failure (9) 

HIV/AIDS (23) 

Gastrointestinal bleeding (52) 

Hormonal therapy (104) 

History of falls (52) 

Medication-related Number of drugs (9, 14, 16, 34, 94, 96, 97, 107) 

Anticoagulant use (96, 99, 109) 

NSAIDs (109) 

Angiotensin-converting enzyme inhibitors (109) 

Digitalis use (105) 

Antibacterial use (96) 

Antiretroviral drug use (23, 199, 200) 

Self-medication (96) 

Drug interactions (100)  

Alcohol use (9) 

Health system-related  Ward type (104) 

Hospital site (163) 
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Table 2. 3 Comparison of prevalence and proportion of ADR-related hospital admission, severe ADR, preventable ADR and ADR-related 
mortality in developed and developing countries. 

Statistical 

tests  

Prevalence of ADR-related 

admission (%) 

Proportion of severe ADRs (%) Proportion of preventable ADRs 

(%) 

Proportion of ADR-related 

mortality (%) 

Developed 

country  

Developing 

country   

Developed 

country 

Developing 

country   

Developed 

country 

Developing 

country   

Developed 

country 

Developing 

country   

Minimum 0.5 0.2  3.6 4.0 20.0 50.0 0.0 0.5 

Maximum 37.5 54.5 62.0 74.5 92.0 85.7 6.7 10.0 

Median 6.3 5.5 20.0 10.0 71.7 59.6 1.7 1.8 

IQR(Q1,Q3) 7.7(3.3-11.0) 15.8(1.1-16.9) 14.2(9.8-24.0) 18.3(5.7-24.0) 17.7(62.3-80.0) 28.1(51.5-79.6) 4.1(0.7-4.8) 7.2(0.8-8.0) 

 
Note: IQR-Interquartile range, Q1-Lower quartile, Q3-Upper quartile. 
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2.6 Discussion 

Detection of ADR-related hospitalisation provides an important measure of the burden of drug-

related morbidity on patients and on the healthcare system and also recognition of drug safety 

as a major public health priority (56). The findings from this review indicate that ADR-related 

hospitalisations constitute a substantial healthcare issue for the adult population, regardless of 

the socioeconomic context of developed or developing countries,.  

The overall prevalence of ADR-related hospitalisation ranged from 0.2% to 54.5%, which is 

comparable with the previous review findings of 0.2% to 41.3% by Beijer et al. (285). The 

median prevalence of this review was also comparable with three other reviews (282, 284, 

285). However, there were marked differences in the prevalence of ADR-related 

hospitalisations between studies selected for this review, possibly reflecting a lack of 

standardisation across the studies, especially with regard to the definitions of ADR used (24, 

283); and causality assessment and detection methods (84, 88).  

There is large difference in the prevalence of ADR-related admissions between studies even 

within the same countries. For instance, in Brazil Noblat et al. reported a prevalence of 0.4% 

ADR-related admissions (66) whereas Varallo et al. reported 54.5% (107). Similarly, in the 

United Kingdom Patel et al. reported a prevalence of 0.5% ADR-related admissions (17) 

whereas Green et al. reported 7.5%. The reasons for such large differences in ADR prevalence 

are likely due to the difference in study designs (higher proportions of prevalence were reported 

in prospective than retrospective studies in most cases), the population (higher prevalence of 

ADRs were reported in elderly age groups compared to broader age groups; differences in 

prescribing of higher or lower risk medications)(295), method of ADR identification (chart 

review versus patient/staff interview). Moreover, there is no gold standard method of ADR 

causality assessment, different researchers used different tools such as Naranjo et al. (88) and 
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WHO (283) causality assessment methods, which influence the prevalence estimates. 

Additionally, various research groups may have had differing interpretations of the causality 

assessment criteria.  A large prevalence of ADR-related admissions were reported by Budnitz 

et al (290)and McDonnell et al (33) from United States despite being retrospectively designed 

studies; this might be due to high proportions of chronic disease, elderly patients and the high 

prevalence of medication use in the USA.   

Although there was a comparable prevalence of ADR-related hospitalisations between 

developing and developed countries, there was a wide variation and inconsistent prevalence 

between studies, especially in developing countries. The reasons for this could be variation in 

therapeutic options used with regard to differences in disease distribution and population 

characteristics (9, 14, 23, 100), healthcare systems (104), and ethnic origin (168, 250). In 

addition, complicated case management with multiple medications mainly in developed 

countries (9, 14, 94) and difference in study designs, primarily retrospective versus prospective 

design, (282) may have contributed to the variation in reported prevalence. Moreover, the wide 

variation could be as a result of differences in the populations being studied (for example, 

elderly populations had a higher rate than adult patients)(285).  

Even though there was variation in the medications associated with ADR-related 

hospitalisations between developed and developing countries, there were medications common 

to both settings. These included antithrombotics (16, 35, 93-95, 97), NSAIDs (10, 16, 23, 35, 

39, 93, 95, 98), and cardiovascular agents (17, 20, 30, 94, 98, 99). These medications have been 

associated with number of complications such as GI bleeding (20, 97, 99, 100, 105) and 

electrolyte and metabolic disturbances (9, 16, 23, 58, 94), which were similar to those reported 

in previous reviews (56, 285, 286). 
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In contrast to the developed countries, anti-infectives were commonly reported to be associated 

with ADR-related hospitalisations in developing countries (23, 28, 42, 66, 156).  This was 

probably because of the difference in the population at risk of ADRs in developing countries, 

particularly in sub-Saharan Africa, where HIV/AIDS co-infections and cross-fertilisation 

between other chronic illnesses (273) and infectious diseases are common. In addition, lack of 

proper legislation and policies for anti-infective use, including for ADR reporting, a large 

number of substandard and counterfeit products circulating in the markets, a lack of 

independent drug information centres and the irrational use of drugs (283) could have also 

contributed to the additional burden of ADR-related hospitalisation compared to the developed 

countries.   

Despite the differences in socioeconomic status of the study participants and study designs, 

there was significant consistency in some risk factors associated with ADR-related 

hospitalisations. For instance, female gender was associated with increased risk of ADR-related 

hospitalisation despite women taking similar medications to men (9, 20, 94, 97, 169). 

Moreover, a recent study by Rodenburg et al (171) showed that there was a pronounced risk 

among females taking diuretics, cardiotonic glycosides and coronary vasodilators. Possible 

reasons for the higher susceptibility of women to ADRs could be due to lower body weight and 

organ size, more body fat and a lower glomerular filtration rate. In addition, poorer educational 

opportunities, poorer empowerment and status for women (296) compared to men might have 

led to poorer management and handling of medications, particularly in the developing world, 

which might expose women to higher risk than men.   

Irrespective of the age and socioeconomics of the patients, the number of medications taken 

was also a consistently reported risk factor for ADR-related admissions (14, 17). The risk of 

ADR severity also increased as the number of medications increased (52). Possible reasons for 
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this could be a greater risk of patient error due to more complicated regimens and also a greater 

chance of drug-drug and drug-disease interactions.    

Advanced age was found to be a risk factor in many studies irrespective of the socioeconomic 

status of the patients; this is hypothesised to be mainly as a result of increased fragility, medical 

complexity, disease burden and physiological changes. This is in agreement with a previous 

review (285). In contrast, Mjorndal et al. (166) and Hellden et al. (167) reported that advancing 

age itself had no effect on ADR-related hospitalisations, which could alternatively be explained 

by poor monitoring of renal function and adjustment of pharmacotherapy (drug selection and 

dose), particularly in very elderly women which can contribute to the occurrence of ADRs.  

There was great diversity in the role of specific medical conditions as independent risk factors 

for ADR-related hospitalisation. This makes it challenging to make firm conclusions on the 

contribution of specific medical conditions to the risk. Heart failure, renal failure and liver 

failure were clear risk factors for ADR-related admission (10, 32, 297). Immunosuppression 

with HIV and highly active antiretroviral therapy (HAART) were revealed as risk factors for 

ADR-related hospitalisation mainly in developing countries, as reported by Mehta et al. (23). 

Dimie  et al. (199) from Nigeria similarly reported that direct HAART-related complications 

in general and zidovudine-induced severe anaemia requiring blood transfusions in particular, 

were the most common reason for hospitalisation, and resulted in a six-fold risk of mortality in 

those with severe anaemia. Moreover, Henry et al. from Cameroon (200) reported that 

zidovudine-related severe anaemia was one of the main reasons for hospitalisations. Thus, 

patients’ HIV positive status tended to increase the risk of experiencing ADRs and mortality 

when compared with those who were HIV negative or whose HIV status was unknown (23). 

This represents a special area of focus for practitioners in developing countries. 
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Severity and preventability of ADRs were under-reported in these studies. The highest 

proportion of severe cases reported was 62.0% by Hofer-Dueckelmann et al. in Germany  (94). 

The reason for this might be due to frequent use of drugs with narrow therapeutics index, such 

as anticoagulant and higher medication regimen complexixity. The majority of preventable 

ADRs were known to have occurred in the elderly. Thus, identifying preventable ADRs along 

with an understanding of the causes such as poor therapeutic monitoring and 

pharmacotherapeutic adjustments (167), is crucial in constructing interventions to minimise 

ADR-related admissions. In addition, patient empowerment through health education and 

literacy may reduce the burden of ADR-related hospital admissions such that complications 

arising from therapy can be addressed promptly or prevented altogether. 

There is large differences in the proportion of preventable ADR-related admissions irrespective 

of the socioeconomic status of the countries. The reason for huge difference in the proportion 

of preventable ADR could be lack of gold standard method for assessing preventability of 

ADR, as there is conflicting evidence on which instruments have the highest reliability for 

assessing preventability (298). In the articles reviewed we found that reliability was not 

reported in most of them and when reported, it varied markedly across studies. It was also 

revealed that intra- and inter-rater reliabilities of the preventability judgments of ADR was 

poorer when using implicit instruments compared to an explicit instruments (205), perhaps due 

to the larger impact of the individual reviewers’ clinical judgment in implicit instruments. In 

addition, there is difference in the risk factors and capacity of the health professionals in 

addressing these risk indicators of ADR.  There is also substantial difference between 

retrospective versus prospective studies – where more data is available to make a judgment in 

prospective studies. 
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In the majority of cases, prospective observational studies were associated with a higher 

median prevalence of ADR-related admissions than retrospective studies. The reason could be, 

in prospective studies in addition to reviewing the medical records; patients are interviewed, 

observed and evaluated exhaustively for the presence of ADR. Therefore, there is more chance 

of identifying any hidden ADRs on top of reviewing physicians’ records only as there is more 

data available at the time of admission compared to retrospective data. 

The main strength of this study was the strict inclusion criteria applied regarding ADR-related 

hospitalisations in the adult population and the focus on comparison of studies from developed 

and developing countries. In addition, the majority of the studies included a clear description 

of the method applied in the identification of ADRs, prevalence of ADR-related 

hospitalisations, severe and preventable ADRs, frequency of drugs causing ADR and risk 

factors for ADR-related admissions. Risk factors for ADR-related admissions were discussed 

in a more comprehensive manner than in previous reviews. Moreover, the review was limited 

to mainly observational studies focussing on ADR-related hospitalisations in adults, in an 

attempt to minimise the heterogeneity among included studies. 

Despite the above strengths, there was a limited number of articles and inconsistent prevalence 

reporting from developing countries. ADR causality, severity and preventability described in 

this review were obtained from different studies that used different measurement criteria or 

scales that might have created discrepancies in the rates reported. In addition, the proportions 

of ADR-related mortality, severe and preventable reactions were reported in only about half of 

the studies, and findings are therefore not necessarily generalizable. Moreover, studies 

conducted in intensive care unit were excluded as our focus was on admissions to general 

medical wards, which is consistent with many other studies.  
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2.7 Conclusions 

ADRs are an important cause of hospital admission and contribute to substantial morbidity in 

patients and pressure on the healthcare system. The prevalence of ADR-related hospitalisation 

and mortality was similar in both the developed and developing worlds and many of the same 

medication classes were often implicated. The main difference between developed and 

developing worlds was the influence of HIV/AIDS and other infectious diseases and their 

associated medications. The prevalence of ADR-related hospitalisation was higher in 

prospective studies than retrospective studies irrespective of a country’s sociodemographic 

status, suggesting the need for a focus on prospective methodologies for identification and 

documentation of ADRs during post-marketing surveillance and pharmacovigilance studies. 

The majority of ADRs were preventable, highlighting the importance of improving medication 

use, particularly in vulnerable patient groups, such as the elderly, patients with comorbidities 

and multiple drugs, and in the developing world, patients with HIV/AIDS.  

The proportion of severe ADRs in developed countries were twice that of developing countries 

indicating that there were a large number of older patients with greater comorbidity and who 

were likely taking more medications due to both greater age and greater opportunity to obtain 

a wider variety of medications.  

The use of a standardised, simple methodology for assessment of causality, severity, and 

preventability should be considered which would greatly contribute towards an improved 

understanding of the global nature and extent of this public health problem and the measures 

that can be taken to minimise the occurrence of preventable ADR-related admissions. 
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Chapter Three 

3. Predictors of adverse drug reaction-related hospitalisation in 

Southwest Ethiopia: A prospective cross-sectional study  

3.1 Abstract 

Background: Adverse drug reactions (ADRs) are an important causes of morbidity and 

mortality in the healthcare system; however, there are no studies reporting on the magnitude 

and risk factors associated with ADR-related hospitalisation in Ethiopia.  

Objectives: To characterise the reaction types and the drugs implicated in admission to Jimma 

University Specialized Hospital, Southwest Ethiopia, and to identify risk factors associated 

with ADR-related hospitalisation. 

Methods: A prospective cross-sectional study was conducted from May 2015 to August 2016 

among consenting patients aged ≥18 years consecutively admitted to medical wards taking at 

least one medication prior to admission. ADR-related hospitalisations were determined through 

expert review of medical records, laboratory tests, patient interviews and physical observation. 

ADR causality was assessed by the Naranjo algorithm followed by consensus review with 

internal medicine specialist. ADR preventability was assessed using Schumock and Thornton’s 

criteria. Only definite and probable ADRs that provoked hospitalisation were considered. 

Binary logistic regression was used to identify independent predictors of ADR-related 

hospitalisation.  

Results: Of 1,001 patients, 103 (10.3%) had ADR-related admissions. Common ADRs 

responsible for hospitalisation were hepatotoxicity (35, 29.4%) and acute kidney injury (27, 

22.7%). The drug classes most frequently implicated were anti-tubercular agents (45, 25.0%) 

followed by antivirals (22, 12.2%) and diuretics (19, 10.6%). Independent predictors of ADR-
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related hospitalisation were body mass index (BMI) <18.5 kg/m2 (adjusted odd ratio 

[AOR]=1.69; 95% confidence interval [CI]=1.10-2.62; p=0.047), pre-existing renal disease 

(AOR=2.84; 95%CI=1.38-5.85, p=0.004), pre-existing liver disease (AOR=2.61; 

95%CI=1.38-4.96; p=0.003), number of comorbidities ≥4 (AOR=2.09; 95%CI=1.27-3.44; 

p=0.004), number of drugs ≥6 (AOR=2.02; 95%CI=1.26-3.25; p=0.004), and history of 

previous ADRs (AOR=24.27; 95%CI=11.29-52.17; p<0.001). Most ADRs (106, 89.1%) were 

preventable.   

 Conclusions: ADRs were a common cause of hospitalisation. The majority of ADRs were 

preventable, highlighting the need for monitoring and review of patients with lower BMI, ADR 

history, renal and liver diseases, multiple comorbidities and medications. ADR predictors 

should be integrated into clinical pathways and pharmacovigilance systems.  

Key words: Adverse drug reaction, hospital admission, hospitalisation, Jimma University 

Specialised Hospital, Southwest Ethiopia  

3.2 Introduction 

Adverse drug reactions (ADRs) are one of the leading causes of morbidity and mortality in the 

healthcare system (22). Globally, studies have reported that the overall prevalence of ADR-

related hospitalisation varies from 0.2% (28) to 54.5% (29). A recent review of 43 

observational studies identified a comparable prevalence of ADR-related hospitalisation in 

developed and developing countries (22). However, most of the studies included in this review 

were conducted in developed countries, where the disease characteristics and prevalence, 

access to medicines, drug use patterns, and management systems differ markedly from those 

in developing countries (299). With respect to potential risk factors for ADRs, developing 

countries differ from developed countries in several important areas. These include greater 

proportions of patients taking anti-tuberculosis (anti-TB) and antiretroviral therapy (ART) 
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(268), a high prevalence of anaemia and malnutrition (270), widespread use of traditional 

remedies (269), a higher incidence of concomitant anti-TB drugs and ART with overlapping 

adverse effects (270), and increasing rates of concomitant infectious and non-communicable 

diseases demanding multiple medications with potential interactions (23, 199, 200, 273, 274). 

There are also higher frequencies of genetic variants conferring increased risk for ADRs for 

commonly used drugs treating cancer, human immunodeficiency virus (HIV)/acquired 

immunodeficiency syndrome (AIDS) and tuberculosis (TB) in persons of African descent (272).  

In Ethiopia, a developing country, the risk of ADR-related hospitalisation is a health concern 

due to an increasing number of patients eligible for anti-TB and ART, due to decentralisation 

and scale-up of the HIV/AIDS care programme (277), and concomitant drug management of 

HIV/TB co-infected patients (277). According to a 2014 World Health Organization (WHO) 

report, the prevalence of all forms of TB was 211 per 100,000 of the population, of whom 13% 

of patients were HIV co-infected (300). The prevalence of HIV among the adult population in 

2015 was estimated to be 1.0% with national ART coverage of 52.0% (301). There is growing 

attention to chronic disease management with multiple medications (273, 302). The use of new 

and complex therapies for chronic diseases has increased due to the establishment of 

community care programs (303) and strengthening of health systems for chronic care at the 

level of local health centres, primary, general, and specialised hospitals (303). The provision 

of primary health care services by health extension workers (health professionals working at 

the lowest health care level targeting preventive and curative health services at the household 

level) (278) and the expansion of community pharmacies and drug stores at the community 

level has remarkably increased medication access and use in the community, although 

medication regulation is poor (304).  There are also higher rates of drug-related problems (305) 

and irrational use of medicines (306) among patients with chronic illnesses in ambulatory care 

clinics that could lead to drug-related harm. 
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Studies have identified several factors contributing to ADR-related hospitalisations including 

older age (98, 99), female gender (97, 169), increased number of co-morbidities (9, 95), 

increased number of medications (17), renal diseases (100, 307), liver diseases (308), heart 

failure (9), higher Charlson Comorbidity Index (CCI) (37), presence of chronic illnesses (16, 

176), and history of previous ADRs (14, 33). HIV/AIDS patients taking ART have been 

identified as a risk factor for ADR-related hospitalisations only in developing countries (23, 

101). Drugs commonly reported as contributing to ADRs include anticoagulants (96, 99), non-

steroidal anti-inflammatory drugs (NSAIDs) (109), and angiotensin-converting enzyme 

inhibitors (109). However, studies focussing on risk factors for ADR-related hospitalisation in 

developing countries are very limited in number (22). Therefore, identification and reporting 

of factors contributing to ADR-related hospitalisation for community-based patients is crucial 

to develop preventive strategies to decrease the burden in the developing world (199, 200).   

To our knowledge, there are no studies reporting on the prevalence and risk factors associated 

with ADR-related hospitalisation in Ethiopian patients. Thus, the main aim of this study was 

to characterise the reaction types and the drugs implicated in admission to Jimma University 

Specialized Hospital (JUSH), Southwest Ethiopia, and to identify risk factors associated with 

ADR-related hospitalisation.  

3.3 Methods 

3.3.1 Study setting, design and population  

This study was conducted at the JUSH, which is the major public hospital in southwest Ethiopia 

with a catchment population of about 15 million people (258).  

A prospective cross-sectional study was conducted from May 2015 to August 2016. Consenting 

patients with complete medical records aged ≥18 years and taking at least one medication prior 
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to admission to medical wards were included in the study. Patients were excluded if they were 

unwilling to participate, unable to be interviewed due to health or other reasons, not taking at 

least one medication prior to admission and had incomplete medical and medication records. 

3.3.2 Data collection  

One of the authors (MTA) interviewed consecutively admitted patients as soon as practical for 

socio-demographic information, social drug use, medical history, drug allergies, use of over-

the-counter and herbal medicines (S1 Table). Patients’ medical records were reviewed for 

admission diagnosis, ADR history, and clinical data within 48 hours of admission. Medication 

exposure in the month preceding hospitalisation was obtained through review of patients’ 

medical records and /or interview with the patient or family members. Common laboratory 

tests were evaluated within 48 hours of admission for each patient case including: renal 

function (serum creatinine mg/dL, blood urea nitrogen mg/dL and estimated glomerular 

filtration rate (eGFR) mL/min/1.73m2), liver function (alanine transaminase IU/L, aspartate 

transaminase IU/L, alkaline phosphatase IU/L and total bilirubin mg/dL), and complete blood 

count (white blood cell count cells/mm3, red blood cell count cells/mm3, haemoglobin g/dL, 

haematocrit %, and platelet count cells/mm3). Parameters describing nutritional and metabolic 

status (serum albumin g/dL, total triglyceride mg/dL, low-density lipoprotein mg/dL, high-

density lipoprotein mg/dL, glucose mg/dL), serum electrolytes (serum calcium mmol/L, 

potassium mmol/L, and sodium mmol/L), and coagulation status (prothrombin time) were 

recorded. Vital statistics such as body temperature, blood pressure, respiratory rate, and pulse 

rate were recorded at admission. Other diagnostic data, such as echocardiography, ultrasound, 

electrocardiogram, and viral markers and urinalysis results were also evaluated.  
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3.3.3 Definitions of terms and variables used 

The WHO definition of an ADR was used in this study: “any response to a drug which is 

noxious and unintended, and which occurs at doses normally used in man for prophylaxis, 

diagnosis, or therapy of disease, or for the modification of physiological function” (21). This 

definition excludes treatment failure, drug abuse, intentional drug overdose, and accidental or 

self-poisoning. Alcohol consumption was recorded as number of standard drinks per day. Khat 

chewing, which was of interest as it contributes to elevated blood pressure (309), was defined 

as regular chewer if a patient chewed khat at least four times per week. Drugs were classified 

using the WHO Anatomical Therapeutic Chemical Classification (ATC) System (310) and 

diagnoses were coded according to International Classification of Primary Care 2nd edition 

(311). Calculation of the number of medications was based on the number of active ingredients 

in single and combination products (312). A cut off point for polypharmacy was ≥6 medications 

(313). A cut off point for comorbidities was ≥4 diseases based on a similar study (101). Adult 

nutritional status was assessed using the body mass index (BMI) (314) and classified as <18.5 

kg/m2 and ≥ 18.5 kg/m2 for analysis purposes. Patients were considered to have pre-existing 

chronic kidney disease if the eGFR was <60 mL/minute/1.73m2 and they had a documented 

abnormal renal ultrasound (abnormal renal echogenicity or kidney size or presence of cysts) 

for at least 3 months prior to admission (315). Drug-induced acute kidney injury was suspected 

among patients with baseline renal insufficiency (eGFR < 60 mL/minute/1.73m2), volume 

depletion, and multiple exposures to nephrotoxic agents prior to admission, as long as other 

potential causes were excluded. Chronic liver disease was considered pre-existing if liver 

diseases (such as cirrhosis, chronic viral hepatitis) or liver dysfunction or liver injury were 

documented by the treating physician prior to admission (308). Drug-induced hepatotoxicity 

was suspected when aspartate aminotransferase (AST) or alanine aminotransferase (ALT) 

levels were 3 or more times the upper normal limit (UNL) or total bilirubin was 2 or more times 
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UNL (316), as long as other potential causes were excluded. The response to rechallenge or re-

exposure to some drugs, such as anti-TB drugs, were implemented based on the WHO 

guidelines for the treatment of TB (317). HIV/AIDS and TB patients were those patients 

diagnosed with HIV/AIDS and TB, respectively, and taking ART and anti-TB drugs prior to 

the current admission.  All comorbidities were defined as present if documented in the medical 

records. A patient who had studied at least to a primary school level and was able to read and 

write in the local language(s) was considered as educated, whereas other patients were 

considered uneducated. According to the Ethiopian context, cities and small towns were 

considered as urban areas while rural villages or other similar clusters were considered as rural 

areas. The readmitted cases were treated as separate cases as far as the reasons for readmissions 

were different from the previous cause of admissions. 

3.3.4 Identifying ADR-related hospitalisation  

The primary researcher (MTA) evaluated all patients admitted to medical wards during the 

study period to assess if the admission had been caused by an ADR. The identification of 

whether one or more drugs led to the hospitalisation was based on a review of medical records, 

evaluation of laboratory tests, interview with patients or family members about medication 

usage and physical observation. An ADR was suspected if there was a relationship between 

the time of drug administration and the onset and course of the adverse reaction, while 

excluding other potential causes. The known adverse reaction profile of each drug was 

evaluated based on Ethiopian National Drug Formulary (2014), British National Formulary 

(318), and Up-To-Date 19.3 (319). Confirmation of the causal relationship of an ADR to the 

suspected medication was performed using the Naranjo ADR assessment scale (88). Applying 

the Naranjo algorithm, ADRs were classified as definite (9-12 points), probable (5-8 points), 

possible (1-4 points), or doubtful (0 points). The senior supervising internal medicine specialist  



78 
 

 
 

(DY) independently and blindly reviewed all cases of suspected ADRs and cases without 

suspected ADRs for the presence of ADRs and to confirm the Naranjo rating using a similar 

approach to other studies (116, 213). The primary researcher (MTA) and the senior supervising 

internal medicine specialist met to reach a consensus decision on the presence of an ADR-

related admission and excluded possible and doubtful cases. When consensus was not reached 

on the causality assessment, an additional clinical pharmacy specialist’s opinion was sought 

for majority decision. Only definite and probable ADRs that provoked hospitalisation were 

considered. ADRs were assessed for preventability using Schumock and Thornton criteria (201) 

through the same approach. ADRs were classified as type A (dose dependent, augmented 

pharmacological and predictable reactions) and type B (bizarre, dose independent and non-

predictable reactions) according to the Rawlins and Thompson classification method (75). 

ADRs observed during the hospital stay were excluded.  

3.3.5 Data analysis and interpretation 

Data was recorded into an Access database (2016, Microsoft, Redmond, Washington) and 

analysed using the IBM Statistical Package for the Social Science (IBM SPSS version 23.0 

Inc., Chicago, Illinois). Frequency of adverse reaction types and drugs implicated were 

determined. The chi-square test or Fisher’s exact test were used to compare categorical data 

between ADR- and non-ADR patients. For non-normally distributed variables, comparisons 

were undertaken with Mann-Whitney tests and the results were presented as medians and 

interquartile ranges (IQR). For normally distributed continuous variables, comparisons were 

performed using Student’s t-tests with results presented as means and standard deviations (SD).  

Independent variables were assessed for multicollinearity and association to rule out correlation 

between two or more independent variables using variance inflation factor. Independent 

variables with p<0.25 in univariate analyses were entered into a multivariable binary logistic 

regression model to determine independent predictors of ADR-related hospitalisation. The 
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performance of the ADR-related admission risk prediction model was assessed using the area 

under the receiver operator curve (AUROC), which assesses the ability of independent risk 

score to predict ADR-related admissions. The ROC curve was prepared using R (2015, R 

Foundation for Statistical Computing, Vienna) (320). A p value of <0.05 was considered 

statistically significant in all analyses. 

3.3.6 Ethics 

The study was approved by the Tasmanian Health and Medical Human Research Ethics 

Committee (reference number H0014718) and the Jimma University Institutional Review 

Board (reference number RPGC/58/2015). We received permission from Jimma University 

Specialised Hospital management to conduct the research. Written informed consent was 

obtained from all individual participants included in the study.  

3.4 Results 

3.4.1 General information   

A total of 3,224 patients were screened; 2,223 patients were excluded due to age <18 years 

(255), not taking at least one medication prior to admission (576), incomplete medical and 

medication records (70), unwillingness to participate (463) and inability to be interviewed as a 

result of health or other reasons (859). One thousand one patients fulfilled the inclusion criteria. 

Therefore, ADR-related admissions were estimated to be 3.4% (103/3,224) of all medical 

admissions and 10.3% (103/1,001) of the patients who met the inclusion criteria during the 

study period (Fig 3.1).  

One hundred and nineteen ADRs were identified among the 103 patients, equating to 1.2 ADRs 

per patient. Of these, 26.1% were definite and 73.9% were probable. Most ADRs (106, 89.1%) 

were considered preventable. Ninety-nine (83.2%) of the ADRs were considered 

pharmacologically predictable (type-A reactions) (Table 3.1).   
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Figure 3. 1 Flow diagram of ADR assessment procedure 
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Table 3. 1 Causality, type and preventability of ADRs causing hospitalisation (N=119) 

ADR classifications   n (%) 

Causality of ADRs  

Definite  31(26.1) 

Probable  88 (73.9) 

Preventability scale  

Not preventable  13 (10.9) 

Definitely preventable  19 (16.0) 

Probably preventable  87 (73.1) 

Rawlins classification of reaction  

Type A (pharmacologically predictable) 99 (83.2) 

Type B (pharmacologically non-predictable) 20 (16.8) 

 

3.4.2 ADR characteristics and drugs implicated in ADRs 

The most common ADRs responsible for hospital admissions were hepatotoxicity (35, 29.4%) 

followed by acute kidney injury (due to drug-induced pre-renal azotaemia and nephrotoxicity)  

(27, 22.7%), skin reactions (8, 6.7%), hypokalaemia (7, 5.9%), and gastrointestinal bleeding or 

gastritis (7, 5.9%). Commonly implicated drugs in hepatotoxicity were isoniazid (21, 11.7%) 

followed by pyrazinamide (18, 10.0%), efavirenz (5, 2.8%), and atorvastatin (5, 2.8%). 

Commonly implicated drugs in acute kidney injury were tenofovir (9, 5.0%), furosemide (7, 

3.9%), and enalapril (7, 3.9%). The drugs most commonly suspected of causing skin reactions 

were sulfamethoxazole (2, 1.1%), trimethoprim (2, 1.1%) and rifampicin (2, 1.1%). The drug 

most commonly suspected of causing hypokalaemia was furosemide (6, 3.3%). The drugs most 

commonly suspected of causing gastrointestinal bleeding were warfarin (3, 1.7%), heparin (3, 
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1.7%), and diclofenac (3, 1.7%). In general, anti-TB agents constituted the major source of 

ADRs (45, 25.0%) followed by antivirals (22, 12.2%) and diuretics (19, 10.6%). Table 3.2 

provides a summary of ADRs and causative agents. 
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Table 3. 2 ADRs (N=119) and implicated drugs (N=180)  

ADR types  n (%) Drugs implicated in causing ADRs (n) n (% ) 
Hepatotoxicity  (cholestatic (22), 
hepatocellular (8), and mixed (5))  

35 (29.4) Isoniazid (21), pyrazinamide (18), atorvastatin 
(5), efavirenz (5), acetyl salicylic acid (ASA)# 
(2), clopidogrel (2), propylthiouracil (2), 
paracetamol (2), phenytoin (2), rifampicin (1), 
omeprazole (1), ritonavir (1), atazanavir (1) 

63 (35.0) 

Acute kidney injury (27) 27 (22.9) 
 

Tenofovir (9), furosemide (7), enalapril (7), 
diclofenac (4), acetyl salicylic acid# (4),  
cimetidine (1), heparin (1), clopidogrel (1) 

34 (18.9) 

Skin reactions involving mucous 
membrane (pruritic skin rash (6), 
gingival hyperplasia (1) and 
Steven Johnson Syndrome(1)) 

8 (6.7) Sulfamethoxazole (2), rifampicin (2), 
trimethoprim (2), ciprofloxacin* (1), ampicillin 
(1),  isoniazid (1), nevirapine (1), methotrexate 
(1), cloxacillin (1), phenytoin (1),  
phenobarbital (1), warfarin (1) 

15 (8.3) 

Gastrointestinal bleeding (6) and 
gastritis (1) 

7 (5.9) Warfarin (3), heparin (3), diclofenac (3), 
clopidogrel (2), acetylsalicylic acid# (2), 
propylthiouracil (1), glibenclamide  (1) 

15 (8.3) 

Hypokalaemia 7 (5.9) Furosemide (6), insulin (3), digoxin (1) 10 (5.6) 

Hypocalcaemia 6 (5.0) Furosemide (6)  6 (3.3) 

Diarrhoea 5 (4.2) Lamivudine (3), rifampicin (2), amitriptyline  
(1) 

6 (3.3) 

Hypoglycaemia  4 (3.4) Insulin (4), glibenclamide (1), acetyl salicylic 
acid (1) 

6 (3.3) 

Anaemia 4 (3.4) Sulfamethoxazole (2), trimethoprim (2), 
methotrexate (1), phenytoin (1) 

6 (3.3) 

Swelling of tongue (angioedema) 
(2) and severe dry cough (1)  

3 (2.5) Enalapril (3) 3 (1.7) 

Delirium  2 (1.7) Efavirenz (2) 2 (1.1) 
Thrombocytopenia 2 (1.7) Isoniazid (1), heparin (2) 3 (1.7) 
Falls 1 (0.8) Diazepam (1), thioridazine  (1)   2 (1.1) 
Osteomalacia  1 (0.8) Phenobarbital (1), phenytoin (1) 2 (1.1) 
Hypotension (orthostatic)  1 (0.8) Atenolol (1) 1 (0.6) 
Syncope  1 (0.8) Metoprolol (1) 1 (0.6) 
Dizziness  1 (0.8) Quinine (1) 1 (0.6) 
Blurred vision 1 (0.8) Amlodipine (1)  1 (0.6) 
Vertigo  1 (0.8) Metoprolol (1) 1 (0.6) 
Lactic acidosis  1 (0.8) Metformin (1) 1 (0.6) 
Vaginal bleeding   1 (0.8) Medroxyprogesterone acetate (1) 1 (0.6) 

 

^suspected to have caused lactic acidosis, * suspected to have caused Steven Johnson Syndrome, #high dose (≥300mg) acetyl salicylic acid 

3.4.3 Drugs used  

Out of the 4,018 drugs used by the 1,001 patients, 562 (14.0%) were used by patients who 

experienced ADR-related admissions. One-hundred and eighty of the 562 drugs were 
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implicated in the 119 ADRs. Anti-infectives constituted the major proportion (52.1% versus 

40.5%, p=0.001) followed by cardiovascular system agents (18.9% versus 24.9%, p=0.013) in 

both the ADR and non-ADR groups, respectively (Table 3.3).  

Table 3. 3 Comparison of drugs used between non-ADR and ADR patient groups 

ATC class name Non-ADR 

group n (%) 

ADR group  

n (%) 

p-value  

Alimentary tract and metabolism 348 (10.1) 57 (10.1) 0.962 

Blood and blood forming organs 374 (10.8) 46 (8.1) 0.085 

Cardiovascular system 862 (24.9) 106 (18.9) 0.013 

Dermatologicals 4 (0.1) 2 (0.4) 0.173 

Genitourinary system and sex hormones 19 (0.5) 2 (0.4) 0.556 

Systemic hormonal preparations 96 (2.8) 9 (1.6) 0.113 

Anti-infective for systemic use 1398 (40.5) 293 (52.1) 0.001 

Antineoplastic and immunomodulating 

agents 

0 (0.0) 1 (0.2) NAa 

Musculoskeletal system 78 (2.3) 9 (1.6) 0.331 

Nervous system 188 (5.4) 24 (4.3) 0.273 

Anti-parasitic products 37 (1.1) 6 (1.1) 0.995 

Respiratory system 52 (1.5) 7 (1.2) 0.640 

Total  3456 (100.0) 562 (100.0)  
aNA = Not applicable, ATC = Anatomical Therapeutic Chemical Classification 

3.4.4 Patient characteristics in univariate analysis  

The main socio-demographic difference between the ADR-and non-ADR groups was a 

difference in urban versus rural residence (P=0.004), where urban residents were more likely 

to be admitted with ADRs than rural residents. The mean body mass index (kg/m2) was lower 

in the ADR group, 19.1±2.8 versus 20.1±2.9, p=0.004. There was no difference between the 

ADR and non-ADR groups for age, gender, educational status, smoking, alcohol use, khat 

chewing, and herbal use. Patients with a previous ADR history (p<0.001), pre-existing renal 

diseases (p=0.003), pre-existing liver diseases (p<0.001), TB taking anti-TB drugs (p<0.001), 
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and HIV/AIDS taking ART (p<0.001) were more likely to be admitted with ADRs than those 

without these risk factors.  Similarly, ADR admission was more likely in patients who had been 

hospitalised in the preceding 3 months (p=0.030). Patients in the ADR group had a more 

comorbidities (4.0±1.4 versus 3.2±1.2, p<0.001) and used more drugs than the non-ADR group 

(5.5±2.7 versus 3.9±2.1, p<0.001) (Table 3.4). 
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Table 3. 4 Characteristics of patients experiencing ADR-related admissions and non-ADR-
related admissions at Jimma Universality Specialised Hospital 

Risk factors Non-ADR related 
admissions  

ADR-related 
admission 

p-value  

Total patients  N=898 N=103  
Age, median (IQR) 40 (28-55) 40 (28-60) 0.490 
Gender, female n (%) 404 (45.0) 51 (49.5) 0.382 
Body mass index (kg/m2), mean ± SD 20.1±2.9 19.1±2.8 0.004 
BMI (kg/m2), n (%)    

<18.5kg/m2 260 (29.0) 44 (42.7)  
>/=18.5 kg/m2 638 (71.0) 59 (57.3) 0.004 

Education, n (%)    
Educated   613 (68.3) 68(66.0)  
Uneducated  285 (31.7) 35(34.0) 0.644 

Residence, n (%)    
Urban resident  421 (46.9) 64 (62.1)  
Rural resident  477 (53.1) 39 (37.9) 0.003 

Alcohol users, n (%) 218 (24.3) 17 (16.5) 0.080 
Khat chewers, n (%)  121 (13.5) 5 (5.9) 0.141 
Herbal users, n (%) 73 (8.1) 6 (5.8) 0.710 
Previous ADR history, n (%) 12 (1.3) 29 (28.2) <0.001 
eGFR, n (%)    

<60 mL/minute/1.73m2 307 (34.2) 27 (26.2)  
≥60 mL/minute/1.73m2 376 (41.9) 61 (59.2)  
Unknown  215 (23.9) 15 (14.6) 0.003 

Pre-existing renal diseases, n (%) 48 (5.3) 13 (12.6) 0.003 
Pre-existing liver diseases, n (%)     70 (7.8) 20 (19.4) <0.001 
Pre-existing heart failure, n (%)  232 (25.8) 27 (26.2) 0.934 
HIV/AIDS patients taking ART, n (%)    86 (9.6) 22 (21.2) <0.001 
TB patients taking anti-TB drugs, n (%)  171 (19.0) 36 (35.0) <0.001 
Malignancy of any type, n (%)  40 (4.5) 5 (4.9) 0.853 
Cerebrovascular diseases, n (%)   84 (9.4) 4 (3.9) 0.063 
Diabetes with complications, n (%)   69 (7.7) 9 (8.7) 0.705 
Chronic obstructive pulmonary diseases, n (%) 54 (6.0) 3 (2.9) 0.198 
Peptic Ulcer Diseases, n (%) 20 (2.2) 3 (2.9) 0.660 
Pre-existing hypertension, n (%)   109 (12.1) 11 (10.7) 0.666 
Number of comorbidities, mean ± SD          3.2±1.2 4.1±1.4 <0.001 
Number of comorbidities, n (%)    

1-3 comorbidities 563 (62.7) 36 (35.0)  
≥ 4 comorbidities 335 (37.3) 67 (65.0) <0.001 

Number of total medications, mean ± SD          3.9±2.1 5.6±2.7 <0.001 
Number of medications, n (%)    
1-5 medications  721 (80.3) 59 (57.3)  
≥ 6 medications  177 (19.7) 44 (42.7) <0.001 
Admission in the preceding 3 months (≥1 
admission(s)), n (%) 

114 (12.7) 21 (20.4) 0.030 
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3.4.5 Factors associated with ADR-related admissions 

Variables included in the multivariable binary logistic regression model were those with 

p<0.25 in the univariate analyses. There was no multicollinearity identified in the included 

variables. Six risk factors associated with ADR-related hospitalisation were identified in the 

multivariable binary logistic regression model: BMI < 18.5kg/m2, pre-existing renal diseases, 

pre-existing liver diseases, number of diagnoses ≥4, number of medications ≥6, and previous 

ADR history (Table 3.5). The ADR-related admission risk prediction model was found to have 

an AUROC of 79.0% (95% CI 73.9%-84.1%). The model had a sensitivity of 59.2% and 

specificity of 86.6%, suggesting that the ADR risk predictors are strong in identifying patients 

who are not at risk of ADRs and moderate in strength in identifying patients at risk of ADRs 

(Fig 3.2).  

 

Figure 3. 2 The area under the receiver operator curve showing risk prediction capacity of 
predicors of ADR-related admission  
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Table 3. 5 Regression model of ADR-related hospitalisation (N=1,001)  

Predictors                 Crude        Adjusted  

OR (95%CI) p-value OR (95%CI) p-value 

BMI < 18.5kg/m2 1.83 (1.21-2.78) 0.004 1.69 (1.10-2.62) 0.047 

Pre-existing renal diseases         2.56 (1.34-4.90) 0.005 2.84 (1.38-5.85) 0.004 

Pre-existing liver diseases 2.85 (1.65-4.92) <0.001 2.61 (1.38-4.96)  0.003 

Number of comorbidities ≥ 4 3.13 (2.04-4.79) <0.001 2.09 (1.27-3.44) 0.004 

Number of medications ≥ 6  3.04 (1.99-4.64) <0.001 2.02 (1.26-3.25) 0.004 

History of previous ADR         28.94 (14.18-59.05) <0.001 24.27 (11.29-52.17) <0.001 

Alcohol users  1.62 (0.94-2.79)  0.080 2.45 (1.29-4.65) 0.060 

Urban residence  1.86 (1.22-2.83) 0.004 1.50 (0.89-2.52) 0.123 

Khat chewers  1.46 (0.88-2.41) 0.141 1.03 (0.58-1.82)  0.932 

TB patients taking anti-TB drugs 2.28 (1.47-3.54) <0.001 1.41 (0.79-2.50) 0.241 

HIV/AIDS patients taking ART 4.06 (2.49-6.62) <0.001 1.33 (0.67-2.65) 0.416 

Admission in the preceding 3 

months 

1.76 (1.05-2.96) 0.030 0.99 (0.51-1.91) 0.965 
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3.5 Discussion 

Identification and reporting of predictors of ADR-related hospitalisation for community-based 

patients is crucial to develop preventive strategies and responsible care of patients. Medical 

practitioners may lack awareness of factors predicting ADRs leading to hospitalisation (251, 

252). To overcome this, studies, mainly from developed countries (9, 14), have identified 

several predictors of ADRs causing hospitalisation. However, Ethiopia is a developing country 

with different healthcare issues. These issues include a lesser ability to provide healthcare (278), 

a rising proportion of colliding epidemics of infectious and non-communicable diseases 

demanding multiple medications with potential of interactions (273, 321), a greater prevalence 

of HIV/AIDS and TB co-infection (322) with overlapping adverse effects of their medications 

(270), and a less health-literate population (277). Additionally, malnutrition and anaemia are 

more common than in developed countries (279, 280). Our study, the first in Ethiopia, 

identified risk factors associated with ADRs, and characterised the reaction types and drugs 

implicated in admission to the JUSH in Southwest Ethiopia.  

We found that 10.3% of admissions were related to ADRs, a prevalence comparable to other 

studies from South Africa (101) and Argentina (35). Similarly, a review of studies with a 

similar design to ours found comparable rates of ADRs in both developed and developing 

countries (22). More than half of the ADR-related admissions were due to hepatotoxicity 

(mainly due to isoniazid and pyrazinamide) and acute kidney injury (mainly due to tenofovir, 

enalapril and furosemide). Very few studies, only Patel et al. (34) from India and Mouton et 

al. (101) from South Africa, have reported comparable proportions of anti-TB-induced 

hepatotoxicity and tenofovir-induced renal impairment. The higher prevalence of 

hepatotoxicity in the current study could be due to concomitant anti-TB, ART and other 

medications with overlapping hepatotoxic effects. In addition, there was a substantial number 

of patients with malnutrition in the current study, and potentially the slow acetylation status of 
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some Ethiopian patients with isoniazid (271) could have exacerbated the hepatotoxic reactions. 

ADRs commonly responsible for hospitalisation in previous studies included gastrointestinal 

bleeding (97, 100), electrolyte and metabolic disturbances (9, 16, 23), and cardiovascular 

disorders (9, 17). Similar ADRs were reported in the current study, but at lower rates probably 

due to differences in population, diseases characteristics, and drug therapy used.   

Most of the predictors of ADRs, such as number of comorbidities (9, 95), number of drugs (9, 

16), pre-existing renal failure (100, 323), pre-existing liver  diseases (14) and history of 

previous ADRs (14, 33), were in line with reported findings from both developed and 

developing countries. HIV/AIDS patients taking ART was identified as an independent 

predictor that raised the risk of experiencing ADRs in South African studies (23, 101) in 2005 

and 2013, respectively. However, this variable was not included in the predictive model in the 

current study. This is possibly due to the intrinsic relationships between HIV/AIDS and 

malnutrition, multiple comorbidities, and polypharmacy; although, multicollinearity was not 

detected. In addition, the strength of the effect of HIV/AIDS patients taking ART as an 

independent variable is likely less than that of the other variables possibly because HIV/AIDS 

patients taking ART would have shown crossover-interaction with ADR-related hospitalisation. 

Additionally, compared to earlier South African studies, the burden of HIV/AIDS is now 

markedly reduced due to improvements in health care and greater availability of more tolerable 

ART. The two South African studies were conducted in communities with a high prevalence 

of HIV/AIDS, when more toxic antiretroviral drugs were in use. Finally, pharmacogenomic 

variations and other clinical characteristics of patients may have contributed to this difference 

(271).  

Patients with pre-existing renal diseases were more likely to be hospitalised with ADRs than 

patients with normal renal function, as has been identified in other studies (186, 187). About 

one-third of the patients presented to JUSH with an eGFR <60 mL/min/1.73m2 (Table 4), of 
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whom, 18.5% had pre-existing renal diseases. Nearly one-third of patients were underweight 

(Table 3.4) and patients with lower BMI were at increased risk of developing ADRs in the 

current study (Table 3.5), which is in line with another study (162). The combined effect of 

reduced muscle mass (malnutrition) with chronic illnesses may have contributed to a depressed 

eGFR despite normal serum creatinine levels, and concealed renal insufficiency may impact 

on the clearance of hydrophilic drugs (324). In addition, patients in the current study might 

unintentionally be overdosed based on their weight and/or renal function (using eGFR) that 

may have led them to develop ADRs. It is therefore important to evaluate renal function to 

assess the potential therapeutic benefit against the risk of ADRs before initiating renally cleared 

drugs. 

Similar to previous studies (308, 325), patients with pre-existing liver diseases were more likely 

to develop ADRs. Patients with liver diseases may have multiple comorbidities that require 

complex medical regimens (326). Pharmacokinetic and pharmacodynamic changes such as a 

decreased drug elimination or increased toxic metabolites, alteration in drug distribution or 

protein binding provide opportunity for adverse reactions (308). In addition, some drugs (such 

as anti-TB and ART) commonly used in the sample population are more likely to be associated 

with hepatotoxicity, in contrast to drugs used in developed countries.  

We found that ADR patients were prescribed a higher number of medications compared to non-

ADR patients. That means, increasing medical complexity, both the number of co-morbidities 

and number of medications, were associated with an increased risk for ADR-related 

hospitalisations. This is clearly described in the literature (9, 14, 17).  

Patients with a previous ADR history were more likely to be admitted with ADRs which is 

consistent with other studies (14, 33). This might be explained by immunological reactions 

tending to become worse on repeated exposure due to immunologic memory or cross-reaction 

to alternative drugs, or because no alternative drugs are available more toxic alternatives must 
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be used. Most of the ADRs observed were preventable. Most of the ADRs in the current study 

occurred due to lack of close review of patients’ previous clinical and medication-related 

progress. ADR prevention could have been improved with better knowledge of patients’ 

medical and medication history and associated risk factors. 

The ADR-related hospitalisation risk prediction model demonstrated a capacity of 79.0% to 

discriminate patients who are at risk of ADR-related hospitalisation and those patients who are 

not. The sensitivity and specificity of the ADR-risk prediction model was 59.2% and 86.6%, 

respectively, which suggests that it can moderately rule-in patients at risk of ADRs and strongly 

rule-out those patients not at risk of ADRs. To our knowledge, there is no previously developed 

similar ADR-risk prediction model in similar study populations aged ≥18 years, especially in 

low and middle-income countries. Previous models developed by Zopf et al. (14) and 

Parameswaran et al. (213) showed comparable results (predictive abilities of 80.0% and 70.0%, 

respectively), but these models were developed in different populations with different clinical 

characteristics and drug therapy. Our model was further augmented by an ADR preventability 

assessment using Schumock and Thornton’s preventability assessment criteria, in which the 

majority of the ADRs were preventable provided these risk factors were reviewed and 

monitored closely. Although our ADR risk prediction model was not validated in other 

populations, the majority of the variables identified as independent predictors of ADRs have 

been described in previous studies (14, 213), suggesting that it is a useful model to assist 

healthcare practitioners to moderately identify patients at risk for ADRs for implementation of 

intervention strategies.  

Limitations and strengths  

Due to the cross-sectional nature of this study, we were only able to consider the incidence of 

ADRs at a time, so there is a need for future longitudinal studies to consider the incidence of 

initial and repeat events, and interventional strategies to identify root causes and reduce ADR-
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related burdens. The self-reported responses for previous ADR history, for instance, may be 

limited by recall bias and could have influenced the identified predictors of ADRs, especially 

in patients taking multiple medications for chronic illnesses. Some questions in the Naranjo 

causality assessment tool were designed for controlled clinical trials; they were not feasible nor 

ethical for clinical practice, such as observing effects on giving placebo. Commonly used over-

the-counter medicines, contraceptives, topical agents, and herbal remedies were not typically 

recorded in drug histories, which may have resulted in underestimation of the rate of ADR-

related admissions. Some patients who were too ill to be interviewed due to health or other 

reasons were excluded from the study. This may have resulted in underrepresentation of certain 

ADRs. The results of this study should be extrapolated to other countries with caution, as the 

study findings depend on the patient characteristics, disease distribution, healthcare 

infrastructure, detection methods and definitions of ADRs adopted.  

The strength of our study is the prospective identification of ADRs immediately upon 

admission, allowing for accurate evaluation of the clinical presentation and laboratory 

parameters. We used a three-step process in ADR assessment, evaluating individual patient’s 

clinical and laboratory parameters, causality assessment using the Naranjo algorithm followed 

by consensus review with a senior supervising internist, to help mitigate the subjectivity 

associated with interpretation of some ADRs. Our study is the first to identify independent 

predictors of ADR-related hospitalisation in Ethiopian patients. Our yearlong sampling 

avoided the bias associated with anti-infective use pattern due to seasonal variation. Our study 

was conducted in a teaching and referral hospital serving a population of 15 million; therefore, 

our results allow extrapolation to other settings in the southwest of Ethiopia.  

3.6 Conclusions 

ADRs were a common cause of hospitalisation in adults admitted to medical wards of the JUSH. 

The majority of ADRs were preventable, highlighting the need for close monitoring and review 
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of patients with lower BMI, previous ADR history, pre-existing renal and liver diseases, 

multiple comorbidities and medications. The ADR-related hospitalisation risk prediction 

model demonstrated some ability to identify patients at higher risk for ADRs, and clearly 

identify patients at lower risk of ADRs. ADR predictors should be integrated into clinical 

pathways and pharmacovigilance systems. However, validation and refinement of the model is 

necessary prior to its implementation in routine clinical practice. The prevention of incident 

ADR may be of paramount importance, as previous ADR was a strong predictor of subsequent 

events in this patient population. Assessment of ADR causality and effective use of a 

pharmacovigilance system to monitor drug response in patients should be considered at 

ambulatory care units of all health care levels to minimise the burden of admissions related to 

ADRs by targeting the occurrence of preventable reactions. 
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Chapter Four 

4. Mortality from adverse drug reaction-related hospitalisations 

in southwest Ethiopia: A cross-sectional study 

4.1 Summary 

What is known and objective: Adverse drug reactions (ADRs) are an important cause of 

mortality during medical care. To our knowledge, there are no studies in Ethiopia regarding 

the mortality rate from ADRs, characteristics of the reactions and the drugs implicated 

among patients presenting to hospital with community-acquired ADRs. Therefore, the aim 

of this study was to determine the mortality rate attributable to ADRs in patients presenting 

to hospital and identify drugs implicated in the ADR-related deaths at the Jimma University 

Specialised Hospital (JUSH), Southwest Ethiopia.  

Methods: This cross-sectional study included 1,001 patients aged ≥18 years consecutively 

admitted to medical wards from May 2015 to August 2016. ADR-related mortality was 

determined through detailed review of medical records, laboratory tests, and patient 

interviews followed by causality assessment by the Naranjo algorithm and expert consensus.  

Results: Of 1,001 patients, 15, 1.5% (95% confidence interval [CI]: 0.80-2.30%) died with 

an ADR. The primary suspected causes of death were drug-induced hepatotoxicity (7, 43.8%) 

followed by acute kidney injury (4, 25.0%). Isoniazid (6, 33.3%), pyrazinamide (3, 16.7%), 

efavirenz (2, 11.1%) and tenofovir (2, 11.1%) were commonly implicated drugs. The 

majority of ADRs (14, 93.8%) were preventable. Unadjusted bivariate comparisons 

suggested patients who died with ADRs were more likely to have pre-existing liver disease 

(40.0% vs. 7.0%; 95% confidence interval [CI]: 8.1-57.8%), a history of ADRs (40% vs. 

1.4%; 95% CI: 13.8-63.4%), a lower mean (±SD) body mass index (BMI, 17.6 ± 2.1 vs. 20.0 
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± 2.9 kg/m2; 95% CI=0.9-3.9), exposure to anti-tubercular (46.7% vs. 18.9%; 95% CI: 2.3-

53.1%) and antiretroviral (40.0 % vs. 7.7%; 95% CI: 7.5-57.2%) therapies, and a higher 

mean number of medications (7.1 ± 3.3 vs. 3.8 ± 2.1; 95% CI: 2.2-4.4) and Charlson 

Comorbidity Index (3.9 ± 2.9 vs. 1.6 ± 1.8; 95% CI: 1.4-3.2) than surviving patients without 

ADRs.  

What is new and conclusion: Fatal ADRs were common in patients presenting to hospital. 

The drugs implicated were mostly anti-tubercular and antiretroviral therapies, reflecting the 

high burden of HIV and tuberculosis in the study population. ADR-related deaths were 

significantly associated with poor nutritional status. The majority of ADR-related deaths 

were preventable, highlighting the need to develop a multidisciplinary approach to closely 

monitor patients who are prescribed anti-tubercular and antiretroviral therapies, particularly 

in patients with hepatic disease, a history of ADRs, who are malnourished, and who are 

exposed to multiple medications. 

Key words: Adverse drug reaction; hepatic disease; malnutrition; mortality; Southwest 

Ethiopia 

4.2 What is known and objective 

Adverse drug reactions (ADRs) are an important cause of mortality during medical care (36). 

Globally, the rate of fatal ADRs in patients presenting to hospital has been reported to range 

from 0.1% to 10% (20, 37). Studies in developed countries reported that the rate of fatal 

ADRs ranged from 0.05% to 3% of all patients admitted due to an ADR (40, 61-63, 327). A 

recent review of 43 observational studies (where few studies were from developing countries) 

found that the median proportion of ADRs resulting in mortality in developing countries was 

1.8% (interquartile range (IQR) 0.8-8.0%) which was similar to 1.7% (IQR 0.7-4.8%) in 

developed countries (22). However, there are major differences between developed and 
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developing countries in population demographics, disease distribution, drug therapy used 

and healthcare systems. 

Treatment of epidemics and other infectious diseases are of particular concern in developing 

countries, where anti-tuberculosis (anti-TB) (34), antiretroviral (23), and antibacterial drugs 

(42, 64) are commonly associated with ADR-related hospitalisation. There is a ‘double 

burden’ in developing countries where there are rising rates of concomitant infectious and 

non-communicable diseases that require therapy with multiple medications with increased 

potential for interactions (273, 321). Unlike developed countries, there is: a high rate of 

mortality among HIV/tuberculosis infected patients on drug therapy (276), a less health-

literate population (277),  a lesser ability to provide healthcare (278), and a higher prevalence 

of malnutrition (279, 280). 

There is substantial all-cause mortality rate among patients presenting to emergency 

departments in Ethiopia (275). There is increasing access to complex treatment of 

concomitant infectious and non-communicable diseases (268, 328), and a higher prevalence 

of concomitant anti-TB and antiretroviral therapy (ART) with overlapping adverse effects 

(270). Recent studies report a higher prevalence of drug-related problems (305) and irrational 

use of medicines among patients on chronic follow up in ambulatory care clinics (306).  

Despite reporting of the burden of diseases, all-cause mortality, medication use patterns and 

associated adverse events, to our knowledge, there are no studies in Ethiopia regarding ADR-

related mortality, characteristics of the reactions, and the drugs implicated among patients 

presenting to hospital with community-acquired ADRs. Therefore, the aim of this study was 

to determine the mortality rate attributable to ADRs in patients presenting to hospital, 

identify drugs implicated in the ADR-related deaths and identify factors contributing to 

ADR-related mortality at Jimma University Specialised Hospital (JUSH), Southwest 

Ethiopia.  
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4.3 Methods 

4.3.1 Study design, setting and procedure 

A cross-sectional study was conducted in patients consecutively admitted to general medical 

wards of JUSH from May 2015 to August 2016. JUSH is the major public teaching and referral 

hospital with a capacity of 600 beds in Southwest Ethiopia. The hospital provides general 

medical and specialised services for approximately 200,000 patients each year. The catchment 

population is 15 million (258).  

Patients hospitalised due to ADRs and other causes were identified through detailed review of 

medical records, laboratory tests and patient interviews followed by Naranjo causality 

assessment and expert consensus meeting. ADRs were defined according to the definition of 

the World Health Organisation (WHO) (21), where treatment failure, drug abuse, intentional 

drug overdose, and accidental or self-poisoning were excluded. The first author (MTA), who 

was fully dedicated to this project, interviewed patients as soon as practical for socio-

demographic information, social drug use, medical history, drug allergies, and use of over-the-

counter and herbal medicines. MTA also reviewed each patient’s medical records and 

medication exposure in the month preceding hospitalisation. Common laboratory tests were 

evaluated within 48 hours of admission for each patient case including renal function, serum 

electrolytes, liver function, and complete blood count. An ADR was suspected if there was a 

relationship between the time of drug administration and the onset and course of the adverse 

reaction, while excluding other potential causes. The Naranjo ADR causality assessment scale 

(88) was administered by the author (MTA) followed by ADR severity scaling using the 

modified Hartwig et al. method (46). A consensus review was performed between the first 

author and an internal medicine specialist to confirm the causal relationship of an ADR to the 

suspected medication using a similar approach to a previous study  (65). Applying the Naranjo 

algorithm scores for definite and probable categories, we categorised patient admissions as 
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ADR-related or non-ADR-related. Subsequently, all deaths in the ADR-related group were 

considered to be definitely or probably associated with the ADR. ADRs observed during the 

hospital stay were excluded.   

4.3.2 Definitions Used 

ADRs that were suspected of causing death were classified as preventable and non-preventable 

using the principles of Schumock et al..  ADRs were classified as preventable if they met at 

least one of the following criteria: there was a previous reaction to the drug; if the drug, dose, 

route or frequency of administration involved was inappropriate for the patient; if there was a 

known treatment for the ADR; if the required therapeutic/laboratory monitoring test was not 

performed; if a drug interaction was involved; if poor medication compliance was involved; or 

if preventative measures were not prescribed.  

For each patient, we determined the Charlson Comorbidity Index (CCI) (329), drug count, 

drugs implicated, HIV status, tuberculosis status, and other characteristics that could have been 

related to the patient’s death. All-cause mortality refers to death from any cause (drugs and 

other medical illnesses). Adult nutritional status was assessed using the body mass index (BMI) 

(314) as underweight (<18.5 kg/m2), normal (18.5-25 kg/m2) and overweight (>25 kg/m2). 

Drugs were classified using the WHO Anatomical Therapeutic Chemical Classification (ATC) 

System (310). Calculation of the number of medications was based on the number of active 

ingredients in single and combination products (312). Drug interactions were checked using 

the Micromedex-2 software followed by clinical judgment, and the severity levels were 

classified as contraindicated (avoid combination), major (consider therapy modification), 

moderate (monitor therapy) and minor interactions (no action needed) (330). All comorbidities 

were defined as present if documented in the medical records. 
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Patients were considered to have pre-existing chronic kidney disease if the eGFR was <60 

mL/minute/1.73m2, or they had documented abnormal renal ultrasounds (abnormal renal 

echogenicity or kidney size or presence of cysts) for at least 3 months prior to admission (315). 

Drug induced acute kidney injury was suspected among patients with baseline renal 

insufficiency (e.g., eGFR < 60 mL/minute/1.73m2), volume depletion, and multiple exposures 

to nephrotoxic agents at admission, provided other potential causes of the admission were 

excluded. Chronic liver disease was considered pre-existing if liver diseases (such as cirrhosis, 

chronic viral hepatitis) or liver dysfunction or liver injuries were documented by the treating 

physician at/prior to admission (308). Drug-induced hepatotoxicity was considered when 

aspartate aminotransferase (AST) or alanine aminotransferase (ALT) levels were ≥3 times 

upper normal limit (UNL) or total bilirubin was ≥2 times UNL (316). The response to 

rechallenge or re-exposure to some drugs, such as anti-TB drugs, was applied by the treating 

physician using the WHO guideline for the treatment of tuberculosis (317).  

4.3.3 Data entry, analysis and interpretation 

Data were entered into a Microsoft Access 2016 database (Redmond, Washington) and 

analysed using SPSS version 23.0 Inc. (Chicago, Illinois). Independent variables were 

compared between patients who died with ADRs and patients who survived without ADRs 

using unadjusted bivariate analysis, unadjusted for effect modification or confounding. The 

chi-square test or Fisher’s exact test were used to compare categorical data between patients 

who died with ADR and patients who survived without ADRs. Comparisons were performed 

for continuous variables using Student’s t-tests with results presented as means and standard 

deviations (SD). Comparisons between patients who died with ADR (15 patients) and 

patients who survived without ADRs (797 patients) were presented using differences in 

proportions and means and 95% confidence intervals. Patients who died with other illnesses 

(101) and patients discharged alive after ADRs (88) were excluded from analysis to reduce 
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the heterogeneity, and subsequent confounding, in the comparator group. A p value of <0.05 

was considered statistically significant in all analyses. 

4.3.4 Ethics  

The study was approved by the Tasmanian Health and Medical Human Research Ethics 

Committee (reference number H0014718) and Jimma University Institutional Review Board 

(reference number RPGC/58/2015). Written informed consent was obtained from all 

individual participants included in the study before collection of any information. 

4.4 Results and discussion 

Of the 1,001 patients, 103 patients were hospitalised due to ADRs. ADRs contributed to the 

death of 15 patients, which represented a mortality rate of 1.5% (95% confidence interval 

[CI]: 0.80-2.30%) in patients included in the study and 12.9% of all deaths (Fig 4.1). Studies 

conducted in South Africa (23), Iran (331), and India (64) reported comparable rates of 

ADR-related mortalities. However, the rate of ADR-related mortality in the current study 

was higher than the rates reported from Sweden (40),  Finland (63) and the United Kingdom 

(47). This higher rate may be due to the growing use of polypharmacy in concomitant 

infectious and non-communicable diseases, a larger proportion of underweight patients with 

deranged pharmacokinetics and overlapping adverse effects of anti-TB and ART (162, 271). 

Alternatively, the variations in rates of fatal ADRs between studies and countries might be 

explained by differences in study design (prospective vs. retrospective), disease distribution, 

drug therapy used and healthcare systems.  
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Figure 4. 1 Screening process for ADRs and ADR-related mortality  

 

Malnutrition is one of the major public health problems in most developing countries, 

including Ethiopia (196). Unadjusted bivariate analysis suggested that patients died with 

ADRs had lower mean (± SD) BMI than patients alive without ADRs with a mean difference 

of 2.4 kg/m2 (17.6 ± 2.1 vs. 20.0 ± 2.9; 95% CI: 0.9-3.9) (Table 4.1). Probable reasons 

include the pathophysiological changes encountered in nutrient deficiencies that interfere 

with pharmacokinetic and pharmacodynamic processes in the body, resulting in altered drug 

response (196). Malnutrition can also alter plasma and tissue protein quantitatively (197). 

Therefore, the plasma protein binding capacity for commonly used drugs, such as anti-

inflammatory (diclofenac) and anti-TB drugs (pyrazinamide and isoniazid), might have been 

decreased resulting in an increased free fraction of the drug and hence ADRs. Forty percent 

of the patients who died with ADRs had liver diseases in the current study (Table 4.1). 

Patients with liver diseases are exceptionally vulnerable to developing malnutrition because 

of the key role played by the liver in regulating the nutritional state and the energy balance 

(198), which increases the risk of developing adverse clinical outcomes. There could have 

Patients included in the 
study=1,001 

Patients hospitalised due 
to ADRs=103 

Patients died 
with ADRs 
=15 

Patients hospitalised 
due to other 
illnesses=898 

Patients discharged 
alive after ADRs=88 

Patients died 
with other 

illnesses=101 

Patients 
discharged 
alive =797 
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been unintentional over dosage in patients with lower body weight or BMI that resulted in 

severe toxicity and subsequently death. Early and evidence-based nutritional interventions, 

especially in HIV/AIDS and tuberculosis patients, are strongly needed to minimise ADRs 

and ultimately improve the prognosis of such patients.  

Table 4. 1 Unadjusted bivariate comparisons of clinical and demographic characteristics of 
patients discharged alive without ADRs and patients who died with ADRs 

 
Variables  Total 

patients  
Patients 
alive 
without 
ADRs 

Patients 
died with 
ADRs 

Differen
ce 
between 
the  
proporti
ons or 
means * 

95% 
confidence 
interval * 

Total patients  1,001 797 15   
Age, mean ± SD 42.4 ± 17.0 42.1 ± 16.9 44.5 ± 17.9 2.4 -6.3-11.1 
Female, n (%) 455 (45.5) 360 (45.2) 7 (46.7) 1.5 -23.9-26.9 
Previous ADR 
history, n (%) 

41 (4.1) 11 (1.4) 6 (40.0) 38.6 13.8-63.4 

Weight, mean ± SD 54.7 ±9.0 54.7 ± 8.9 53.2 ± 11.0 1.5 -3.1-6.1 
BMI, mean ± SD 19.9 ± 2.9 20.0 ± 2.9 17.6 ± 2.1 2.4 0.9-3.9 
Number of 
medications, mean 
± SD 

4.0 ± 2.3 3.8 ± 2.1 7.1 ± 3.3 3.3 2.2-4.4 

Charlson 
Comorbidity Index, 
mean ± SD 

1.9 ± 2.0 1.6 ± 1.8 3.9 ± 2.9 2.3 1.4-3.2 

HIV/AIDS patients 
taking ART, n (%) 

108 (10.8) 61 (7.7) 6 (40.0) 32.3 7.5-57.2 

TB patients taking 
anti-TB drugs, n 
(%) 

207 (20.7) 151 (18.9) 7 (46.7) 27.7 2.3-53.1 

Pre-existing renal 
diseases, n (%) 

61 (6.1) 38 (4.8) 2 (13.3) 8.6 -8.7-25.8 

Pre-existing liver 
diseases, n (%) 

90 (9.0) 56 (7.0) 6 (40.0) 33.0 8.1-57.8 

Admissions (≥1) in 
the preceding 3 
months#, n (%) 

135 (13.5) 100 (12.5) 2 (13.3) 0.9 -16.6-18.1 

 
#patients hospitalised before recruitment in the current study, * relates to the differences between patients alive without ADRs and patients 
who died with ADRs 
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The main suspected causes of death in the current study were hepatotoxicity (7, 43.8%) 

followed by acute kidney injury (4, 25.0%) and electrolyte disorders (2 [hypokalaemia, 

hypocalcaemia], 12.5%). Drugs frequently implicated in hepatotoxicity-related death 

included isoniazid (6, 33.3%) followed by pyrazinamide (3, 16.7 %) and efavirenz (2, 11.1%). 

Out of seven hepatotoxicity-related deaths, prophylactic isoniazid therapy was implicated in 

two of them (Table 4.2). Anti-TB drugs (isoniazid and pyrazinamide) and antiretroviral 

therapies (tenofovir and efavirenz) were frequently implicated in the ADR-related deaths, 

reflecting the high burden of HIV and tuberculosis and their associated drug-related 

problems in the study region. Isoniazid, the major hepatotoxic agent in the current study, 

was associated with the deaths of six patients in combination with pyrazinamide, rifampicin, 

efavirenz, nevirapine and ritonavir. Tenofovir, which is now being used in the majority of 

first-line highly active antiretroviral therapy regimens, was the single drug implicated in two 

ADR-related deaths due to acute kidney injury. Studies have shown that the decline in eGFR 

attributable to tenofovir was approximately 3-10 fold greater than the normal age-related 

decline (332, 333). Tenofovir-associated kidney injury and mortality is common, especially 

in patients with pre-existing renal disease, TB/HIV co-infection and concomitant anti-

TB/HIV therapy (333, 334). This is in line with the results of this study. Tenofovir use in 

acutely ill patients with pre-existing renal diseases is of concern, particularly when tenofovir 

is co-prescribed with other potentially nephrotoxic drugs, as there are limited facilities for 

renal replacement therapy. Anti-infectives were also identified as the major causes of death 

in similar studies (335). In contrast, studies conducted in some high-income countries (10, 

40, 63) reported that the most frequent fatal ADRs were gastrointestinal and intracranial 

haemorrhages attributed to antithrombotic agents, non-steroidal anti-inflammatory drugs 

(NSAIDs) and corticosteroids. This is probably due to substantial differences in the burden 

of diseases and the drug therapies used between developed and developing countries. Similar 
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to developed countries, we identified ADR-related deaths associated with enalapril, 

diclofenac and metformin, at lower rates. This highlights the increasing double burden of 

ADRs associated with multiple drugs used in infectious and non-infectious diseases in 

Ethiopia.  

A higher proportion of patients who died with ADRs had pre-existing liver diseases than 

those who did not as suggested in unadjusted bivariate analysis with a difference between 

the proportions of 33% (40% vs. 7%, 95% CI: 8.1-57.8%) (Table 4.1). Five of the seven 

patients who died from hepatotoxicity had overwhelmingly elevated AST and ALT levels 

that ranged from 6 to 50 times the UNL; medians (IQR) were 317.6 (228.8-991.2) U/L and 

583.2 (227.3-789.2) U/L, respectively (Table 4.1). Slow acetylators of isoniazid are more 

susceptible to hepatotoxicity than rapid acetylators. (336, 337) The slow acetylation status 

has been shown to be the predominant phenotype in Ethiopian TB/HIV co-infected patients 

(271). Patients with prior liver diseases (338, 339) and lower BMI (malnutrition) (162) are 

also at higher risk of hepatotoxicity. Therefore, the combined effects of malnutrition, pre-

existing liver diseases and slow isoniazid acetylation status in some Ethiopian patients may 

have contributed to the severe drug-induced hepatotoxicity that was a major cause of 

mortality in our study.   

Nine of the 15 deaths occurred in patients with various combinations of HIV/AIDS, TB, low 

BMI (<18.5 kg/m2) and pre-existing liver diseases (Table 4.2). Twenty-seven percent of 

ADR-related deaths were in patients with TB plus HIV/AIDS; this combination of 

comorbidities was seen in 4.1% of surviving patients. Similarly, TB plus pre-existing liver 

disease was seen in 27% of ADR-related deaths but only 1.4% of surviving patients. Low 

BMI with HIV/AIDS was seen in 27% of the ADR-related deaths and 2.8% of surviving 

patients; and low BMI with TB was present in 40% of ADR-related deaths compared to 8.2% 

of surviving patients (Table 2). Moreover, patients who died with ADRs had a higher CCI 
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than surviving patients without ADRs (3.9 ± 2.9 vs. 1.6 ± 1.8, 95% CI: 1.4-3.2) (Table 4.1). 

These findings highlight the high rates of interrelated comorbidities among the patients who 

suffered ADR-related deaths, potentially leading to increased medication regimen 

complexity. This, along with being immunocompromised, could have increased the risk of 

drug-drug and drug-disease interactions, deranged pharmacokinetics, serious ADRs and 

finally death.  

According to the Schumock and Thornton preventability assessment criteria, two reactions 

(12.5%) were definitely preventable, 13 (81.3%) were probably preventable and one (6.2%) 

was not preventable (Table 4.2). Major underlying factors were poor therapeutic monitoring 

and the presence of clinically significant drug interactions that required therapy modification. 

The proportion of preventable ADRs in this study is comparable to previously described figures 

of 85.7% to 92% (35, 39). However, studies conducted in South Africa reported that only 45% 

(65) and 53% (23) of ADRs were preventable. The reason for this could be the difference in 

study design (prospective vs. retrospective identification of ADRs) and the nature of drugs used 

by the patients. In addition, there were more idiosyncratic reactions in the South African 

studies, possibly due to the larger number of patients with HIV-related immunodeficiency, 

where these type of reactions were mediated through a combination of immunologic (by 

dysregulation of the immune system on T and B-lymphocytes) and genetic factors (340). 
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Table 4. 2 Case details of ADR-related deaths 

aall ADRs were classified as level 7 according to modified Hartwig et al. method,  b possible causality in Naranjo scale, c acetylsalicylic acid (ASA) dose ≥300mg

Drugs used by the patients prior to admission Drug interaction 
severity level in 
drugs used by the 
patients  prior to 
admission 

Laboratory test results supportive of 
ADRs at admission  

Significant comorbidities ADR(s)a  suspected 
of causing death   

Drug(s) 
suspected in 
ADR-related 
death 

Preventability of  
the ADR(s)  
using Schumock  
and  Thornton 
criteria  

Isoniazid, tenofovir, lamivudine, efavirenz, 
sulfamethoxazole, trimethoprim 

Major AST=317.6 U/L, ALT=583.2 U/L, 
ALP=1416.0 U/L, total 
bilirubin=3.5mg/dL 

HIV/AIDS/ low BMI Hepatotoxicity Isoniazid,  
efavirenz 

Probably 
preventable  

Metronidazole, paracetamol, bisacodyl, tenofovir, 
lamivudine, efavirenz 

None Serum creatinine (SCr)=8.3 mg/dL, 
Blood Urea Nitrogen (BUN)=474mg/dL 

HIV/AIDS/ liver diseases  Kidney injury Tenofovir Not preventable  

Isoniazid, rifampicin, pyrazinamide, ethambutol  Major AST=421.2 U/L, ALT=620.7 U/L, 
ALP=2223.8 U/L, total bilirubin=8.3 

TB/low BMI/liver diseases Hepatotoxicity Isoniazid, 
pyrazinamide 

Probably 
preventable  

Glibenclamide,  metformin, enalapril Moderate Scr=2.7 mg/dL, BUN=167.8 mg/dL Type-2 diabetes, 
hypertension, stroke 

Kidney injury and 
lactic acidosis  

Enalapril, 
metformin 

Probably 
preventable  

Dexamethasone, trimethoprim, sulfamethoxazole,  
isoniazid, rifampicin, pyrazinamide, ethambutol,   
tenofovir, lamivudine, efavirenz 

Major AST=1750 U/L, ALT=789.2 U/L, 
ALP=570.0 U/L, total bilirubin=14.5 

TB/HIV/AIDS/liver 
diseases 

Hepatotoxicity Isoniazid, 
pyrazinamide 

Probably 
preventable  

Tenofovir, lamivudine, nevirapine, omeprazole, 
metoclopramide, isoniazid, sulfamethoxazole, 
trimethoprim 

Major AST=284.5 U/L, ALT=227.3 U/L, 
ALP=388.0 U/L, total bilirubin=5.1 

HIV/AIDS Hepatotoxicity  Isoniazid, 
nevirapine 

Probably 
preventable  

Tenofovir, lamivudine, efavirenz 
sulfamethoxazole, trimethoprim, rifampicin, 
ethambutol 

Major AST=991.2 U/L, ALT=11450.0 U/L, 
ALP=2045.0 U/L, total bilirubin=3.2 
mg/dL 

TB/HIV/AIDS/low 
BMI/liver diseases  

Hepatotoxicity Efavirenz Definitely 
preventable  

Isoniazid, rifampicin, pyrazinamide, ethambutol,   
tenofovir, lamivudine, efavirenz, pyridoxine, 
sulfamethoxazole, trimethoprim 

Major Scr=3.2 mg/dL, BUN=72.4 mg/dL TB/HIV/AIDS/low BMI Kidney injury Tenofovir Probably 
preventable  

Isoniazid, rifampicin, pyrazinamide, ethambutol,  
pyridoxine, heparin, azithromycin, cimetidine, 
metoclopramide, diclofenac, paracetamol, 
dexamethasone  

Major AST=228.8 U/L, ALT=223.4 U/L, 
ALP=321.0 U/L, total bilirubin=3.0 
mg/dL 

TB/low BMI/liver diseases  Hepatotoxicity Isoniazid, 
pyrazinamide 

Definitely 
preventable  

Diazepam, heparin, phenytoin, digoxin, 
cimetidine,  thioridazine 

Major - Epilepsy, stroke, rheumatic 
heart diseases  

Falls  Diazepam, 
thioridazine 

Probably 
preventable 

Furosemide, prednisolone, isoniazid, rifampicin, 
pyrazinamide, ethambutol  

Major Serum calcium=4.5 mEq/L TB/low BMI Hypocalcaemia  Furosemide, 
prednisoloneb 

Probably 
preventable  

Furosemide,  acetylsalicylic acid, metoprolol, 
atorvastatin, enalapril, hydrochlorothiazide, 
diclofenac 

Major Scr=4.7mg/dL, BUN=125mg/dL Ischaemic heart disease, 
congestive heart failure 

Kidney injury Enalapril, 
diclofenac  

Probably 
preventable  

Tenofovir, lamivudine, ritonavir, lopinavir, 
isoniazid, rifampicin, cimetidine, ferrous sulphate 

Major AST=210 U/L, ALT=246.4 U/L, 
ALP=415.0 U/L, total bilirubin=3.7 
mg/dL 

TB/HIV/AIDS/low BMI  Hepatotoxicity Isoniazid, 
rifampicin, 
ritonavir  

Probably 
preventable  

Acetylsalicylic acid, digoxin, furosemide Moderate Serum potassium=2.1 mEq/L Rheumatic heart disease, 
congestive heart failure  

Hypokalaemia  Furosemide, 
digoxin 

Probably 
preventable  

Furosemide, tramadol, enalapril, acetylsalicylic 
acid, clopidogrel, heparin 

Major - Acute myocardial infarction 
and ascites  

GI bleeding  ASAc, 
clopidogrel, 
heparin 

Probably 
preventable 
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Limitations of this study were that some questions in the Naranjo causality assessment tool 

were not feasible nor ethical for clinical practice, such as observing effects on giving placebo. 

Inter-rater reliability agreement was not measured for ADR causality, although consensus 

was reached in all cases. The study only identified death due to ADR-related admissions to 

hospital, not in-hospital ADRs, nor patients who died before presenting to hospital, so our 

results may have underestimated the full burden of ADR-related mortality. Severely 

obtunded and critically ill patients who were not able to be interviewed were excluded from 

the study. This might have underestimated the proportion of death in both the ADR and non-

ADR groups. Commonly used over-the-counter medicines, contraceptives, topical agents, 

and herbal remedies were not commonly recorded in drug histories, which may have 

influenced the findings of this study. Multivariable regression analysis was not conducted 

due to overfitting because of the low number of deaths, therefore, the results may be 

impacted by confounding. The results of this study should be extrapolated to other countries 

with caution, as the study findings depend on the patient characteristics, disease distribution, 

healthcare infrastructure, ADR detection methods and definitions of ADRs adopted.  

However, despite its limitations, this study is relevant to healthcare authorities, programme 

leaders and policy makers, as it describes one of the major drug-related problems that is little 

known in the region. We used a three-step process in ADR assessment, evaluating individual 

patients’ clinical and laboratory parameters; causality and preventability assessment; followed 

by consensus review, to help mitigate the subjectivity associated with interpretation of some 

ADRs. A yearlong sampling period avoided the bias associated with anti-infective use patterns 

due to seasonal variation.  

4.5 What is new and conclusion 

Fatal ADRs were common in patients presenting to medical wards of the JUSH. Unlike in 

high-income countries, isoniazid and pyrazinamide-induced hepatotoxicity followed by 
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tenofovir-induced kidney injury were the major suspected causes of mortality, reflecting the 

high burden of HIV and tuberculosis in the study setting. ADR-related deaths were 

significantly associated with poor nutritional status. The majority of ADR-related deaths 

were preventable, highlighting the need to develop a multidisciplinary approach to closely 

monitor patients who are prescribed anti-tubercular and antiretroviral therapies, particularly 

in patients with hepatic disease, a history of ADRs, who are malnourished, and who are 

exposed to multiple medications. Drug-drug interactions were the major challenges in ADR 

causality assessment especially in patients taking fixed dose combination of anti-TB drugs 

and ART. On-the-job training and follow-up of medical practitioners, especially physicians 

and clinically trained pharmacists, focusing on preventable ADRs and effective use of a 

pharmacovigilance system should be considered at emergency and ambulatory care units of 

all healthcare levels to monitor drug response in patients to minimise the ADR-related 

burden.  
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Chapter Five 

5. Drug-induced hepatotoxicity-related hospitalisation: Patterns, 

severity and implicated drugs 

5.1 Abstract 

Background: Drug-induced-hepatotoxicity (DIH) is responsible for over 50% of cases of acute 

liver failure and 0.1-5% of all hospital admissions. However, little is known about DIH-related 

hospitalisation in Ethiopia.  

Objective: The aim was to determine the prevalence, severity and clinical patterns of DIH-

related hospitalisation and identify commonly implicated drugs. 

Methods: Ethiopian patients aged ≥18 years, taking at least one regular medication prior to 

hospital admission and who had at least one set of liver function tests were included. DIH-

related hospitalisation was identified through evaluation of patient history, clinical and 

biochemical characteristics and causality assessment of likely precipitating drug(s) followed 

by expert consensus. DIH severity was classified using the Drug-Induced Liver Injury Expert 

Working Group criteria. The R-value was used to define patterns of liver injury. 

Results: Of 674 patients, 35 (5.2%) were hospitalised due to DIH. Twenty-two patients (62.9%) 

exhibited a cholestatic pattern, followed by eight (22.9%) with a hepatocellular pattern. 

Commonly implicated drugs were isoniazid (21, 60.0%), pyrazinamide (16, 45.7%), efavirenz 

(5, 14.3%), nevirapine (5, 14.3%) and atorvastatin (5, 14.3%). More than two-thirds of cases 

(24, 68.6%) were severe or fatal; these were mainly caused by anti-tuberculosis (anti-TB) drugs 

(15, 42.9%), antiretroviral therapy (ART) (4, 11.4%) or concomitant anti-TB/ART (6, 17.1%).  
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Conclusion: DIH is an important cause of hospitalisation and mortality in Ethiopia. Most cases 

were cholestatic and caused by anti-TB agents and ART. Special consideration should be given 

to patients taking anti-TB drugs and ART, particularly those with malnutrition, pre-existing 

liver disease and previous ADR history.  

5.2 Introduction 

Drug-induced hepatotoxicity (DIH) is a frequent cause of liver injury (341). The true incidence 

of DIH for community-based patients is largely unknown due to a scarcity of population-based 

studies, under-reporting of adverse reactions and multiple confounding factors in the diagnosis 

(342). However, the incidence of DIH is likely to rise in the general population because of the 

increasing number of drugs used in medical care (342, 343). According to a 2017 Council for 

International Organizations of Medical Sciences working group report on drug-induced liver 

injury (DILI), the hepatotoxic potential of a drug can only be recognised through post-

marketing surveillance (344). For most medications, the risk of DIH is higher than reported in 

initial clinical trials (342, 345-347). Antimicrobials have been reported to be the major cause 

of DIH worldwide (138, 348), with amoxicillin and flucloxacillin commonly implicated in 

developed countries (349) and anti-tuberculosis (anti-TB) drugs in developing countries (350). 

DIH is responsible for over 50% of acute liver failure (133, 134) and between 0.1% and 5% of 

hospital admissions (351, 352). DIH has profound implications for morbidity, mortality and 

healthcare expenditure (136).  

Studies have revealed that hospital admissions for DIH have increased steadily over the last 

three decades due to an aging population, access to multiple medications and dietary 

supplements with potential for hepatotoxicity, chronic illness, and infectious diseases (57, 132, 

133, 353). Risk factors for DIH include genetics, younger and older age, female gender, 

pregnancy, malnutrition, obesity, diabetes mellitus, pre-existing liver disease, human 
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immunodeficiency virus (HIV), smoking, alcohol consumption, and infections or inflammatory 

episodes (354-356). Many of these factors are common in the Ethiopian population. The 

ongoing epidemics of HIV/AIDS and TB, plus the emergence of chronic non-infectious 

diseases due to increasing life expectancy, mean that the exposure to hepatotoxic drugs in this 

population is likely to increase. We previously identified DIH as the most common cause of 

adverse drug reaction (ADR)-related admission in a hospital in Southwest Ethiopia (147), 

highlighting its importance in this clinical setting. To our knowledge, there are no studies 

investigating the prevalence, severity and patterns of DIH-related hospitalisation for 

community-based patients in Ethiopia. Therefore, the aim of this study was to determine the 

prevalence, severity and clinical patterns of DIH and identify drugs commonly implicated in 

DIH-related admission to Jimma University Specialised Hospital (JUSH), Southwest Ethiopia.  

5.3 Methods 

This is a sub-study of a prospective observational study investigating ADR-related admissions 

at JUSH from May 2015 to August 2016 (147). JUSH is the major public teaching and referral 

hospital with a capacity of 600 beds in Southwest Ethiopia. The hospital provides general 

medical and specialised services for approximately 200,000 patients each year. The catchment 

population is 15 million. 

Criteria for this sub-study were: age ≥18 years, taking at least one regular medication prior to 

hospital admission, documentation of at least one set of liver function tests including AST 

(aspartate aminotransferase), ALT (alanine aminotransferase), ALP (alkaline phosphatase) and 

total bilirubin at admission, and presence of complete records of past medical and medication 

history at admission. Suspected DIH-related hospitalisation was based on the relationship 

between the time of drug administration and the onset and course of the adverse reaction, the 

patient’s history and clinical and biochemical characteristics, combined with a drug known to 
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cause liver injury, and exclusion of other forms of liver disease. Patients admitted with a 

confirmed diagnosis of acute viral hepatitis (patients with positive serological tests for hepatitis 

virus), and autoimmune or metabolic liver disease (haemochromatosis, biliary obstruction, 

alcohol-induced) were excluded from analysis. Patients were classified as having pre-existing 

liver disease if liver diseases (such as cirrhosis, chronic viral hepatitis) or liver dysfunction or 

liver injury were documented by the treating physician at, or prior to admission (308).  

Patients with a principal admission diagnosis of DIH were identified. Additionally, patients 

with DIH were identified using biochemical diagnostic criteria from any of the following:  

• ALT/AST ≥5 times upper limit of normal (ULN); 

• ALP ≥2 times ULN;  

• ≥3-fold elevation in ALT with simultaneous elevation of bilirubin exceeding twice 

ULN, and  

• Any increase in AST and/or ALT levels together with anorexia, nausea, vomiting, and 

jaundice provided other causes were excluded (141, 357).  

Confirmation of the causal relationship between DIH-related hospitalisation and the suspected 

medication was performed using the Naranjo ADR assessment scale (88), followed by clinical 

consensus between the authors (clinical pharmacist MTA and internal medicine specialist DY). 

We considered DIH with definite, probable and possible causality.  

According to the DILI Expert Working Group (358), the ULN of AST, and ALP was 41 U/L, 

and 128 U/L, respectively. The ULN of ALT for men and women were 33 U/L and 29 U/L, 

respectively.  Hyperbilirubinemia was considered when the serum total bilirubin level was >1.0 

mg/dL. Hypoalbuminemia was considered when the serum albumin level was <3.5 g/dL. Adult 

nutritional status was assessed using the body mass index (BMI) (314) and classified as <18.5 
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kg/m2 and ≥ 18.5 kg/m2 for analysis. The patterns of DIH were defined based on the R-value 

or ALT and ALP levels (348, 358). The R-value is calculated as ALT/ULN divided by 

ALP/ULN (Table 1). However, patterns of DIH may vary for the same drug. 

Table 5. 1. Definition and classification of the patterns of DIH 

DIH pattern  R-value  Predominant liver enzyme  

Hepatocellular  ≥5 ALT ≥3 ULN 

Cholestatic  ≤2 ALP ≥2 ULN 

Mixed  2<R<5 ALT >3 ULN and ALP >2 ULN 

The severity of DIH was classified as defined by the DILI Expert Working Group (358) based 

on the liver function test values at admission as:  

• Grade 1: 1.25–2.5 x ULN, or mildly elevated ALT or ALP reaching criteria for DIH 

but bilirubin <2 x ULN;  

• Grade 2: 2.6–5.0 x ULN, or moderately elevated ALT or ALP reaching criteria for DIH 

and total bilirubin ≥2 x ULN;  

• Grade 3: 5.1–10 x ULN, or severely elevated ALT or ALP reaching criteria for DIH 

and total bilirubin ≥2 x ULN and one of the following: INR ≥1.5, ascites, 

encephalopathy, disease duration <26 weeks, absence of underlying cirrhosis, and/or 

other organ failure considered due to DIH; and  

• Grade 4: >10 x ULN, or death or required transplantation of liver.  

Based on the clinical signs, symptoms and liver function tests at discharge, DIH was classified 

as recovered (the signs and symptoms were resolved and liver enzyme levels returned to normal 

range), did not recover (patients discharged or referred to other settings with the presence of 

signs and symptoms and/or abnormal liver enzyme levels) and fatal.  
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Data was recorded into an Access database (Microsoft 2016, Redmond, Washington) and 

analysed using the IBM Statistical Package for the Social Sciences (IBM SPSS version 23.0 

Inc., Chicago, Illinois). Categorical variables were presented as frequencies and percentages 

whereas continuous variables were presented as mean ± standard deviations or median 

(interquartile range).  

The study was approved by the Tasmanian Health and Medical Human Research Ethics 

Committee and the Jimma University Institutional Review Board. Written informed consent 

was obtained from all patients included in the study. 

5.4 Results 

5.4.1 Socio-demographic and clinical characteristics of DIH patients   

Of the 1,001 patients included in the original prospective observational study, 674 (369 males 

and 305 females) fulfilled the inclusion criteria for this sub-study. Of these, 35 (5.2%) were 

hospitalised due to DIH (Fig 5.1). Over half of the DIH patients were underweight (18, 51.4%) 

and had pre-existing liver disease (19, 54.3%). Their mean number of medications was 7.0 ± 

2.8. Sixty percent of the patients with DIH had been using anti-TB drugs, and 12 (34.3%) were 

on ART. Eleven (31.4%) had a previous ADR history. Their mean length of stay (LOS) was 

15.6 ± 9.9 days (Table 5.2).  

The median AST and ALT serum levels were at least six times above the ULN and median 

bilirubin was three times above the ULN. Ten patients (28.6%) recovered, 18 (51.4%) did not 

recover prior to discharge and seven (20.0%) died. The majority (70.0%) of the patients who 

recovered from DIH exhibited a cholestatic pattern. Of seven DIH-related deaths (two males 

and five females), four were cholestatic, two were hepatocellular, and one was mixed. The 
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median time for the onset of DIH after the initiation of the suspected drug was 22 (IQR 15-34) 

days (Table 3).  

 

Figure 5. 1 Flow diagram of DIH-related hospital admission assessment procedure 

5.4.2 Drugs implicated in DIH 

Overall, 239 drugs were being taken by the 35 DIH patients; of these, 64 drugs were suspected 

to be implicated in DIH-related hospital admissions. The most frequent drug classes implicated 

were anti-TB drugs (21 patients, 60.0%) followed by ART (12 patients, 34.3%). Specific drugs 

most commonly implicated were isoniazid (21, 60.0%), pyrazinamide (16, 45.7%), efavirenz 

(5, 14.3%), nevirapine (5, 14.3%) and atorvastatin (5, 14.3%). Patients taking anti-TB drugs 

Patients included in main prospective 
observational study = 1,001(chapter 3) 

Patients who fulfilled inclusion 
criteria for DIH sub-study = 674 

Overall patients screened = 3,224 

Patients excluded = 
2,223* 

Confirmed non-DIH-
related hospital admission 

= 639 patients  

Confirmed DIH-related 
hospital admission = 35 

patients  

Patients who donot have liver function 

tests = 327 

*2,223 patients were excluded due to age <18 years (255), not taking at least one medication 
prior to admission (576), incomplete medical and medication records (70), unwillingness 
to participate (463) and inability to be interviewed because of health or other reasons (859). 
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were unintentionally overdosed according to their respective body weight in 11 cases (31.4%) 

(Table 5.3). 

5.4.3 DIH biochemical patterns, severity and associated drugs  

The majority of DIH biochemical patterns were cholestatic (22, 62.9%) followed by 

hepatocellular (8, 22.9%) and mixed (5, 14.3%). Over two-thirds (68.6%) of cases of DIH were 

severe (grade 3) and fatal/required liver transplantation (grade 4). All cases of hepatocellular 

and mixed DIH, and half of the cases of cholestatic DIH, were classified as grade 3 and 4. 

Fifteen (43%) of the DIH cases were suspected to be caused by anti-TB drugs alone, followed 

by anti-TB/ART combinations (6, 17.1%) and ART only (4, 11.4%). Most (83%) of the severe 

and fatal (grade 3 and grade 4) DIH was suspected to be caused by anti-TB drugs alone (11/24, 

45.8%), followed by anti-TB/ART combinations (5/24, 20.8%) and ART alone (4/24, 16.7%) 

(Table 5.4).  
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Table 5. 2. Socio-demographic and clinical characteristics of patients with and without DIH at 
admission   

Variables at admission  Patients without 

DIH, N=639 

Patients with DIH, 

N=35 

Age, mean ± SD 42.0 ± 16.9 43.7 ± 19.4 

Male, n (%)  352 (55.1) 17 (48.6) 

BMI*<18.5 kg/m2, n (%) 196 (30.7) 18 (51.4) 

Number of medications*, mean ± SD 4.0 ± 2.2 7.0 ± 2.8 

Alcohol consumers, n (%)    143 (22.4) 5 (14.3) 

Herbal remedies users, n (%) 53 (8.3) 3 (8.6) 

Smokers, n (%)   45 (7.0) 3 (8.6) 

Anti-TB drugs*, n (%)   141 (22.1) 21 (60.0) 

ART*, n (%)  66 (10.3) 12 (34.3) 

Patients with pre-existing liver diseases*, n (%)    60 (9.4) 19 (54.3) 

Patients with previous ADR history*, n (%)    21 (3.3) 11 (31.4) 

Had at least one chronic illness*, n (%)    234 (36.6) 27 (77.1) 

Length of stay, mean ± SD 13.4 ± 8.0 15.6 ± 9.9 
* p<0.005
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Table 5 3. Case details of patients with DIH  

Sex/Age  BMI Suspected  drug(s) Clinical presentation, other laboratory results and associated diagnosis  AST* 
(ULN= 
41 U/L) 

ALT* 
(ULN= 
33 U/L 
for male 
& 29 for 
female) 

ALP* 
(ULN= 
128 U/L) 

Total 
Bilirubin 
(normal 
range: 
0.1-1 
mg/dL)* 
 

Serum 
Albumin 
(normal 
range: 
3.5-5 
g/dL)*  

Pattern of DIH 
using R-value 

Anti-
TB/ 
ART 
combi-
nation  

Patient 
outcome  

F/24 18.3 Isoniazid, 
pyrazinamide, 
rifampicin  

Easy fatigability, vomiting, high-grade fever and epigastric pain  229.0 219.0 461.0 NA 2.4 Cholestatic No  Not recovered  

F/35 19.8 Isoniazid, 
pyrazinamide 

Vomiting, yellow discoloration of eyes, anorexia and ascites 277.8 301.0 1262.8 4.1 2.9 Cholestatic No  Not recovered  

F/58 16.9 Propylthiouracil  Epigastric pain, nausea and vomiting 186.7 173.1 393.0 0.9 NA Cholestatic No  Recovered 
F/47 15.5 Phenytoin  Abdominal pain, vomiting, wasting syndrome and negative hepatitis B 

surface antigen  
317.6 583.2 1416.0 3.5 1.5 Cholestatic No  Not recovered 

M/30 16.5 Isoniazid, 
pyrazinamide 

Tiredness, fatigue and negative hepatitis B surface antigen 337.4 179.3 1192.4 NA 2.4 Cholestatic No Not recovered  

M/38 22.3 Isoniazid, 
rifampicin, ritonavir 

Yellow discoloration of eyes and skin, itchy skin, ascites and negative 
hepatitis B surface antigen 

210.0 246.4 415.0 3.7 NA Mixed Yes  Died 

M/75 22.4 Atorvastatin  Abdominal pain and negative hepatitis B surface antigen 627.0 2226.6 1271.6 1.5 4.7 Hepatocellular No Not recovered  
M/29 18.3 Efavirenz  Right upper quadrant abdominal pain, yellow discoloration of eyes, 

vomiting, and negative hepatitis B surface antigen 
1500.0 789.2 570.0 14.5 NA Hepatocellular No Not recovered 

M/21 13.7 Isoniazid, 
pyrazinamide 

Vomiting, mucoid diarrhoea, yellow discoloration of eyes, wasting 
syndrome and negative hepatitis B surface antigen and hepatitis C virus 

263.2 2103.0 387.3 10.6 1.2 Hepatocellular No Recovered 

M/60 17.2 Nevirapine Abdominal pain, vomiting and negative hepatitis B surface antigen 246.2 320.9 790.0 NA NA Cholestatic No Recovered  
F/55 22.6 Isoniazid, 

pyrazinamide, 
efavirenz 

Vomiting, abdominal pain, swallowing difficulty and negative hepatitis 
B surface antigen 

196.2 159.7 326.6 4.2 4.0 Cholestatic Yes Recovered  

F/40 19.2 Isoniazid, 
pyrazinamide 

Yellow discoloration of eyes, watery diarrhoea and vomiting.  421.2 620.7 2223.8 8.3 1.7 Cholestatic No Died 

F/28 19.7 Isoniazid, 
pyrazinamide 

Yellow discoloration of eyes, nausea, vomiting and diarrhoea 183.3 140.0 277.2 3.1 1.6 Cholestatic No Recovered 

M/40 15.1 Isoniazid, 
rifampicin, 
atazanavir  

Wasting syndrome, loss of appetite, fever, ascites and negative hepatitis 
B surface antigen 

991.2 1269.9 845.0 3.2 2.4 Hepatocellular Yes Not recovered  

M/33 15.9 Nevirapine Generalised body rash, fatigue, wasting syndrome, yellow discoloration 
of eyes mucosa, difficulty of swallowing  

169.0 141.9 311.3 3.0 1.7 Cholestatic No Not  
recovered 

M/24 17.3 Isoniazid, 
pyrazinamide 

Weight loss, fatigue, diarrhoea, high grade fever, and global headache  496.8 302.1 1234.7 1.1 NA Cholestatic No Not recovered 

F/40 13.3 Isoniazid, efavirenz   Wasting syndrome, abdominal pain and vomiting  317.6 583.2 1416.0 3.5 2.2 Cholestatic Yes Died 
F/28 22.3 Isoniazid, 

pyrazinamide 
Vomiting, loss of appetite, easy fatigability, severe anaemia and 
encephalopathy 

786.9 1320.1 
 

976.1 NA 3.5 Hepatocellular No Not recovered 

F/55 19.8 Isoniazid, 
pyrazinamide, 
efavirenz 

Yellow discoloration of eyes, abdominal pain and vomiting 126.9 298.0 627.0 NA NA Cholestatic Yes Recovered  
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Sex/Age  BMI Suspected  drug(s) Clinical presentation, other laboratory results and associated diagnosis  AST* 
(ULN= 
41 U/L) 

ALT* 
(ULN= 
33 U/L 
for male 
& 29 for 
female) 

ALP* 
(ULN= 
128 U/L) 

Total 
Bilirubin 
(normal 
range: 
0.1-1 
mg/dL)* 
 

Serum 
Albumin 
(normal 
range: 
3.5-5 
g/dL)*  

Pattern of DIH 
using R-value 

Anti-
TB/ 
ART 
combi-
nation  

Patient 
outcome  

F/65 14.2 Isoniazid Yellow discoloration of skin, wasting, abdominal pain, vomiting 238.8 221.2 474.9 NA 1.6 Cholestatic  No Died  
F/28 15.6 Isoniazid, 

pyrazinamide 
Wasting, difficulty of eyes opening, and abdominal discomfort and 
weakness 

228.8 223.4 481.0 3.0 NA Cholestatic No Recovered  

M/33 20.2 Nevirapine, 
clopidogrel,  
atorvastatin  

Abdominal pain, vomiting, negative hepatitis B surface antigen   115.7 325.8 727.6 
 

NA 2.2 Cholestatic  No  Recovered 

M/65 17.9 Phenytoin Abdominal pain, nausea, vomiting and mental confusion 979.6 862.1 1689.0 NA 3.6 Cholestatic   No Not recovered  
M/33 16.9 Nevirapine, 

clopidogrel,  
atorvastatin 

Poor appetite, yellow discoloration of eyes, high grade fever, 
encephalopathy and negative  hepatitis B surface antigen 

185.4 146.4 415.5 3.7 1.6 Cholestatic  No Not 
recovered 

M/65 20.1 Isoniazid, 
pyrazinamide 

Malaise, abdominal pain and vomiting 1286.0 1270.0 513.0 NA 2.6 Hepatocellular  No Not recovered 

M/95 21.8 Omeprazole  Abdominal pain, yellow discoloration of eyes and urine, nausea, 
vomiting, and fatigue 

745.1 1296.3 1456.0 NA NA Mixed  No Not recovered 

M/80 19.6 Atorvastatin   Yellow discoloration of skin and abdominal pain  136.6 160.3 360.0 3.2 NA Cholestatic  No Not recovered 
F/24 20.8 Isoniazid, 

pyrazinamide 
Loss of appetite, nausea, vomiting, ascites and fatigue 184.6 194.9 256.1 NA 1.9 Mixed  No Not recovered 

M/68 23.9 Efavirenz  Abdominal pain, yellow discoloration of eyes and dark urine, nausea, 
vomiting and weakness 

177.0 122.2 667.0 4.7 NA Cholestatic No Died  

M/48 18.4 Isoniazid, 
pyrazinamide 

Abdominal pain, yellow skin, nausea, vomiting, encephalopathy and 
tiredness 

991.2 1145.0 2045.0 3.2 NA Mixed   No Recovered  

F/26 18.0 Propylthiouracil Weight loss, poor appetite, vomiting and malaise  200.0 132.0 321.0 NA NA Cholestatic  No Not recovered 
F/25 20.6 Isoniazid, 

pyrazinamide 
Abdominal distension, yellow discoloration of eyes, and chronic viral 
hepatitis B 

1750.0 789.2 570.0 14.5 1.6 Hepatocellular No Died 

F/21 16.6 Isoniazid, 
nevirapine  

Abdominal discomfort, yellow discoloration of eyes, vomiting and 
mental confusion 

740.5 980.5 457.6 NA NA Hepatocellular Yes  Died   

F/28 19.8 Atorvastatin Abdominal pain, yellow discoloration of eyes, vomiting and coma 284.5 227.3 570.0 5.1 2.6 Mixed   No Recovered  
F/65 22.3 Isoniazid, 

pyrazinamide  
Abdominal pain, yellow discoloration of skin and urine, nausea, 
vomiting and fatigue 

156.0 217.6 1678.0 NA NA Cholestatic  No Not recovered 

Note: * liver function tests at admission, NA=Not available, M=Male, F=Female 
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Table 5. 4. Severity of DIH with regard to the patterns and commonly implicated major drug 
classes 

 

 

 

 

 

 

 

 

 

 

 

Annotations: a grade 1 and 2 that represents patients who present with elevated level of liver enzymes/bilirubin and/or serum albumin 

without signs/symptoms, b grade 3 and 4 that represent patients who present with both elevated liver enzymes/bilirubin and typical clinical 

signs and symptoms.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patterns of DIH using R-value Severity level, n (%) 

Non-severea Severe/fatalb 

Cholestatic  11 (50.0) 11 (50.0) 

Hepatocellular  0 (0.0) 8 (100.0) 

Mixed  0 (0.0) 5 (100.0) 

Total Patients 11 (31.4) 24  (68.6) 

Major drug groups implicated  Non-severea Severe/fatalb 

Anti-TB drugs only, n (%)  4 (26.7) 11 (73.3) 

ART only, n (%)   0 (0.0) 4 (100.0) 

ART and anti-TB drugs only, n (%)    1 (16.7) 5 (83.3) 
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5.5 Discussion 

The prevalence of DIH-related hospital admission in this study was 5.2%, which highlights the 

substantial impact of the problem in community-based Ethiopian patients. Studies conducted 

in the United States (351) and Sweden (359) reported comparable results for the prevalence of 

DIH-related hospitalisation, while studies from South Korea (360) and Thailand (361) have 

reported that 1.1% and 1.2% of hospital admissions were due to DIH, respectively. These 

differences might be due to variations in population characteristics, drug therapies and DIH 

detection methods employed. In addition, there might be differences in the nature of DIH due 

to wide spectrum patterns of manifestations, ranging from asymptomatic elevation of liver 

enzymes to fulminant hepatic failure. Moreover, the DIH analysis in this study was performed 

in a selected group of admissions - only in 674 of more than 3,000 screened. While there are 

no directly comparable studies from Ethiopia, three studies have reported on the prevalence of 

DIH in patients with TB and HIV in follow-up clinics (162, 362, 363), where DIH-related 

hospitalisation was not described. These studies showed a higher prevalence of DIH (8.0-

15.0%), most likely due to a higher use of hepatotoxic anti-TB/ART compared to the general 

population admitted to hospital in the current study.  

The cholestatic pattern was more common than hepatocellular or mixed patterns, which is in 

line with another Ethiopian study (363). Also in agreement with other studies (363, 364), anti-

TB drugs (e.g. isoniazid, pyrazinamide) followed by ART (e.g. efavirenz) and statins (e.g. 

atorvastatin) were frequently suspected to cause cholestatic DIH. In addition, the presence of a 

significant proportion of patients with malnutrition and pre-existing liver diseases could have 

heightened the risk of developing cholestatic DIH (136, 364). Moreover, in patients taking 

multiple drugs, some drugs causing enzyme inhibition might have increased the plasma 

concentration of concomitantly used drug(s) so that the risk of overlapping toxicities have been 

accentuated. Prompt recognition of DIH based on the available clinical and biochemical data 
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and appropriate management based on existing guidelines such as the WHO TB treatment 

guidelines (365) may avoid chronic consequences. In the current study, only ten patients 

(28.6%) recovered spontaneously whereas seven (20.0%) died and the outcome of more than 

half of the patients was unknown. Although progression to chronic DIH was not observed in 

our study, early assessment of the pattern of DIH is vital for preventing progression to 

chronicity and even death (136, 348).   

The drug classes commonly implicated in DIH were anti-TB and ART, which is in line with 

other studies (138, 162, 343, 348). Most of the DIH-related hospitalisations were associated 

with anti-TB drugs, primarily isoniazid in the current study. There were a number of factors 

influencing the toxicity of isoniazid. As with other hepatotoxicity studies (162, 339, 366, 367), 

many DIH patients were underweight. The depletion of glutathione stores in malnourished 

patients increases vulnerability to oxidative liver injury (368). Some patients had increased 

susceptibility to isoniazid/pyrazinamide-associated hepatotoxicity because of concomitant 

retroviral infection leading to a mild inflammatory reaction and increased pharmacokinetic 

drug interactions (369). Polymorphisms of the key enzymes in the metabolic pathway of 

isoniazid, N-acetyltransferase 2 and microsomal enzyme cytochrome P4502E1, influence 

isoniazid-induced hepatotoxicity through increased formation of toxic metabolites (370). A 

study conducted by Yimer et al. (271) in Ethiopian patients on ART and anti-TB drugs revealed 

a greater proportion of the slow acetylator phenotype compared to other populations that may 

have increased the risk for isoniazid-related hepatotoxicity. Additionally, fixed dose anti-TB 

drugs (predominantly isoniazid) were unintentionally overdosed in eleven patients based on 

their body weight, which could have contributed to severe DIH.  

We found the median time to the occurrence of DIH was within the first 3 weeks of suspected 

drug initiation, mainly of anti-TB drugs and ART, which is similar to the results of another 
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study (362). The WHO  recommends initiation of ART within 8 weeks of initiation of anti-TB 

therapy or within 2 weeks in TB patients with a CD4 count of less than 50 cells/mm3 (365). 

However, concomitant use of anti-TB agents and ART leads to concerns about drug 

interactions, clinical deterioration from immune reconstitution inflammatory syndrome, and 

overlapping toxicities. Conversely, delays in ART initiation in TB patients may result in AIDS-

related illness and death (365). The decision regarding initiation of either therapy at the 

recommended time as per WHO (365) and Ethiopian treatment guidelines for concomitant 

TB/HIV infection requires a pre-treatment evaluation by a multidisciplinary team involving 

physicians, nurses, pharmacists, and other health professionals. Our findings and the limited 

related literature (354-356) suggest that this pre-treatment evaluation should include, but not 

be limited to, screening for pre-existing liver disease, history of excess alcohol consumption, 

previous ADR history, nutritional status, baseline serology for chronic viral infections 

(hepatitis B, C and HIV), and assessment of the benefit of empirical treatment initiation of anti-

TB/ART versus the risk of adverse outcomes.  

Given the majority of DIH-related hospitalisation and mortality occurred in patients receiving 

anti-TB agents (especially isoniazid and pyrazinamide) and ART, principally in underweight 

patients with pre-existing liver diseases, the following approaches could be considered to 

minimise the occurrence of preventable DIH:  

• Patients should be educated about the importance of follow-up visits for monitoring and 

educated about the signs and symptoms of hepatotoxicity (371). For patients taking anti-

TB and ART, the liver enzyme levels should be determined before initiation of therapy and 

closely monitored especially in the first three weeks of therapy. This can be achieved 

through directly observed therapy when applicable (365). If appropriate, monitoring of liver 
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enzymes should be continued for at least medication refilling visits with special attention 

to patients with malnutrition, pre-existing liver diseases and previous ADR history. 

• Determining baseline body weight/BMI before initiation of the treatment, and throughout 

therapy. Dosing of each regimen should be individualised according to clinical condition 

and body weight. Furthermore, weight loss of 2 kg or more within 4 weeks during TB 

treatment is a risk factor for DIH (372). Therefore, the weight of patients taking anti-TB 

drugs should be measured at least at each visit for medication refilling and appropriate 

interventions should be considered when the patient is at risk for serious reactions. An 

adequate intake of nutrients is important for the integrity of liver metabolism and 

minimising the hepatotoxic effect of isoniazid and other anti-TB drugs, as the cytochrome 

P450 enzyme system is affected by malnourished states (373, 374).  

• Pharmacovigilance/post-marketing surveillance should be integrated with the innovative 

community-based health extension program (254, 375) with a focus on clinic/home-based 

therapy observation especially for patients at risk of ADRs. This should be conducted under 

clinically trained pharmacists’ supervision from primary (health centres and primary 

hospitals), secondary (general hospitals), and tertiary (specialised and referral hospitals) 

healthcare levels for patients using drugs for chronic diseases. All patients receiving drug 

therapy for chronic illnesses including TB/HIV should be linked with their respective 

village’s health extension program for close monitoring, and referral (if potential ADRs 

suspected) for appropriate management. One option would be a scheduled regular home-

based medication review process through health extension packages by clinically trained 

pharmacists. In addition, training and continuous supervision should be given to health 

extension workers on procedures to minimise the risk of complications by early assessment.  

The main limitations of our study include lack of liver biopsy for diagnosing DIH. Causality 

in DIH is inherently difficult to prove, thus the diagnosis was a clinical one, based on a 
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consistent history and supporting laboratory data. Proving the diagnosis would require 

rechallenge with the suspected drug by the treating physician to see if a similar reaction 

recurred, however, this approach was not applied for some patients due to potentially severe 

deleterious outcomes and lack of guideline for re-initiation. We did not observe the progression 

of DIH to detect chronic DIH. Hepatotoxicity suspected to be caused by herbal remedies was 

not typically recorded due to the common practice of packaging multiple agents together, lack 

of dose standardisation, recall bias and impurity of products, which may have resulted in 

underestimation of the rate of DIH-related admissions. There was possible bias resulting from 

exclusion of some patients with hepatic encephalopathy that might be associated with severe 

DIH. As the study findings mainly depended on the patient characteristics and DIH detection 

methods, the results of this study should be generalised to other settings with caution. Despite 

its limitations, our study is important to clinicians and policy makers, as it revealed the anti-

TB and ART drugs were commonly implicated in DIH-related hospitalisation and mortality for 

community-dwelling Ethiopian patients. Our study provided a detailed picture of clinical 

presentations and biochemical patterns due to its prospective methodology. In addition, we 

have identified low BMI, pre-existing liver disease, unintentional overdosing, and previous 

ADR history as risks for severe DIH; this suggests the need for education of both health 

professionals and patients to raise awareness of the need for early detection and initiation of 

suitable treatment to prevent complications or death. Our yearlong sampling in a teaching and 

referral hospital serving a population of 15 million avoided the bias associated with anti-

infective use patterns due to seasonal variation.  

5.6 Conclusion 

DIH is an important cause of hospitalisation and mortality, with most cases cholestatic in 

biochemical pattern and caused by anti-TB drugs followed by ART. Special consideration 
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should be given to patients taking anti-TB and ART, particularly those who are underweight, 

with pre-existing liver disease, and a previous ADR history. Further prospective longitudinal 

studies with a large sample size should be conducted to assess the impact of infectious diseases 

(TB, HIV, and viral hepatitis), genetics, malnutrition, use of alcohol, and herbal remedies on 

rates of chronic progression and outcome prediction in patients with DIH.  
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Chapter Six 

6. General discussion and conclusion 

6.1 Principal findings 

This thesis represents a substantial step forward for researchers in sub-Saharan Africa, 

including Ethiopia, on the burden of ADR-related hospital admissions and mortality, where 

such data are scarce. The thesis is comprised of a review and a significant prospective 

observational study with several analyses that provided several novel findings to add to the 

literature. The review revealed that the prevalence of ADR-related hospital admissions and 

mortality vary from 0.2% to 54.5% and 0.1% to 10.0%, respectively. The main findings from 

the prospective study were that the rates of ADR-related hospitalisation and mortality were 

10.3% (or 3.4% of all medical admissions) and 1.5%, respectively. Drug-induced 

hepatotoxicity followed by acute kidney injury were the major ADRs implicated in both 

hospital admissions and mortality. Drugs commonly associated with both hospital admissions 

and mortality were anti-TB drugs followed by ART and cardiovascular agents. In addition, 

patients with lower body mass index, pre-existing renal and liver diseases, history of previous 

ADRs, multiple comorbidities and drugs were found to be independent predictors of ADR-

related hospital admission with an area under the receiver operator curve of 79.0% (95% CI 

73.9%-84.1%). Overall, the extent of ADR-related hospitalisation in adult patients was a 

substantial public health problem, with a significant number of fatal ADRs in patients 

presenting to hospital. 

6.2 The burden of ADR-related hospital admissions and associated factors 

ADRs were a common reason for hospital admission, with a substantial number of ADR-

related deaths in patients presenting to hospital. Our review revealed that ADR-related hospital 
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admissions and mortality are a considerable burden to the adult population in both developed 

and developing countries, particularly in susceptible patient groups such as the elderly, patients 

with multiple comorbidities, and in developing countries, patients with HIV/AIDS taking ART. 

Our prospective study has also confirmed a comparable prevalence of ADR-related hospital 

admission and mortality in patients included in the study. Specifically, these findings were 

further augmented by comparable studies from developed (16, 30) and developing countries 

(35, 101) with regard to ADR-related hospital admissions. Similarly, ADR-related mortality 

was comparable to previously published studies that were conducted in South Africa (23), Iran 

(331) and India (64). It is clear that the burden of ADRs are an important public health problem 

demanding additional medical care irrespective of the differences in population socio-

demographics, disease characteristics, drug therapy used, healthcare systems and, ethnic 

origins in both developing and developed countries.  

The analyses conducted in this thesis found that the major ADRs suspected to be implicated in 

hospital admissions and deaths were DIH followed by AKI and electrolyte disorders, in 

contrast to ADRs reported from developed world, such as GI bleeding (99, 105), cardiovascular 

disorders (16, 30, 32, 93, 94) and electrolyte and metabolic disturbances (9, 16, 58, 94). In 

contrast to the findings from studies conducted in developed countries (10, 40), where the 

major causative agents were anticoagulants and cardiovascular agents, the drugs most 

commonly suspected of causing ADR-related hospital admissions and deaths were anti-TB and 

ART. This reflects the difference in disease distribution, population demographics, and drug 

therapy used between the study population in Ethiopia and developed countries. In addition, 

ADR-related hospital admissions and deaths occurred commonly in patients with various 

combinations of TB, HIV/AIDS, low BMI, and pre-existing liver diseases in contrast to the 

developed world cardiovascular diseases and cancers (9, 11, 17). There are multiple reasons 

behind these contrasting findings. These include the higher prevalence of concomitant 
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infectious diseases (TB or HIV or co-infection of both) and non-communicable chronic 

diseases, malnutrition, or as a consequence of HIV or TB, and use of multiple drugs with 

potential for interactions. Additionally, the presence of a substantial number of patients with 

pre-existing liver and kidney diseases might have increased the opportunity to derange 

pharmacokinetics, which might have led to drug interactions, serious ADRs, and finally death.  

6.2.1 Anti-TB drug-related hospital admissions and mortality   

Tuberculosis is a major public health problem in Ethiopia with the prevalence of 211 per 

100,000 of the population, of whom 13% were HIV co-infected (300). TB is also a leading 

cause of morbidity, hospital admission and death in Ethiopia (376, 377). In this thesis, the 

prospective observational study found that anti-TB drugs, particularly isoniazid followed by 

pyrazinamide, were the major drugs implicated in ADR-related hospitalisation and mortality. 

Of 1,001 patients, 3.6% were admitted with anti-TB drug-related ADRs (mainly hepatotoxicity) 

and 0.7% died from anti-TB drug suspected ADRs. Of 207 TB infected patients included in 

this study, 61 (29.5%) were TB/HIV co-infected and taking concomitant anti-TB and 

antiretroviral therapies. Approximately one-third of these had ADRs, which is in-line with 

other studies (378, 379). Patients with advanced liver disease were at increased risk of 

developing ADRs, particularly in patients taking anti-TB drugs as was similarly found by 

Gaude et al. (380). Our findings revealed that underweight patients (<18.5kg/m2) were at higher 

risk for ADR-related hospital admission and mortality than patients with normal weight. 

Previous studies revealed that malnutrition is a common health problem in developing 

countries including Ethiopia (196, 381) and important risk factor for ADR-related 

hospitalisation, especially in TB patients (162, 382, 383). Anti-TB induced hepatotoxicity is 

known to be an important reason for termination of anti-TB regimens (384) and prolongation 

of hospital stays with additional medical costs (385). ADRs due to first line anti-TB drugs are 

regarded as the major cause for non-adherence to TB and concomitant TB/HIV treatments 
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(386). At the same time, alternative agents may have higher complications with toxicity, and 

are often less effective. More importantly, ADRs due to anti-TB medication contribute to the 

prolongation of treatment duration, relapse of infection, drug resistance, treatment failure, and 

even death (387). In addition, anti-TB drug induced liver injury is a common cause for acute 

liver failure (133, 134), posing a challenge to the management of TB patients and TB control.  

6.2.2 ART-related hospital admissions and mortality  

The prevalence of HIV among the Ethiopian adult population was estimated to be 1.0% with 

national ART coverage of 52.0% (301).  Following anti-TB agents, ART, particularly tenofovir, 

efavirenz and nevirapine, were the second most important group of agents implicated in ADR-

related hospital admission and mortality. Overall, 2.2% of patients were admitted with ART-

related ADRs and 0.6% of patients died from ART-related ADRs. There are a number of 

precipitating factors to this finding. These include the presence of larger number of patients 

taking relatively toxic agents, such as efavirenz and tenofovir in the ART regimen (388), a 

greater number of HIV patients who present with a complicated disease state (378, 389), and a 

larger number of patients with concomitant TB, HIV, and malnutrition with an 

immunocompromised state (389, 390). In addition, lack of continuous clinical/laboratory 

monitoring of drug therapy and skilled professionals at the follow-up clinics could have 

resulted in failure in early identification (or delay in diagnosis) of specific ADRs and hence 

increased ADR severity (270, 390, 391).  

The presence of a larger number of patients with late clinical presentation of HIV or TB/HIV 

co-infection might have increased medical complexity, number of comorbidities (due to 

advanced and complicated AIDS stage) and medications used (392). In addition, the population 

in the study area is known to have higher than the country’s average HIV prevalence (393), 

and worse health outcomes in many conditions over time (394), which may be precipitating 
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factors for the occurrence of more ART-related ADRs. For instance, out of 108 HIV/AIDS 

infected patients included in this study, 61 (56.5%) were classified as either WHO clinical stage 

III and IV. The main diagnoisis in patients presenting with clinical stage III were pulmonary 

TB and severe bacterial infections. The main diagnoisis in patients presented with clinical stage 

IV were extrapulmonary TB, Pneumocystis (jirovecii) pneumonia and extrapulmonary 

cryptococcal meningitis. Finally, all the above clinical conditions could have led to poor 

immune recovery and increased likelihood of ART-related ADRs (395). In line with our 

prospective study, previous studies have revealed that ART-related ADRs are the major reason 

for modification and/or discontinuation of therapy (388, 396), hospitalisation (23, 101), life 

threatening reactions demanding intensive care (397), and mortality (65). ADRs associated 

with ART have thus become the most important limiting factor to the successful treatment of 

HIV and other opportunistic infections in community dwelling patients on chronic drug 

treatment follow up, especially in developing countries (398, 399).  

6.3 Research implications 

There are multiple strategies for preventing ADR-related hospitalisation and the associated 

burden described in the literature. Some of these include focusing on the patient care process 

using different intervention strategies, such as pharmacy-led interventions (230), monitoring 

ongoing drug therapy (225), preventing drug interactions (222), and highlighting the patients 

at high risk for ADRs (213). Highlighting the patients at high risk for ADRs depends on several 

factors, such as the disease characteristics and population demographics (9, 14, 23, 100), 

complexity of diseases and medications prescribed (9, 14, 94), healthcare systems (104), and 

ethnic origin (168, 250) of the study population. Medical practitioners often lack awareness of 

factors contributing to ADR-related hospitalisations (251, 252). To overcome this, 

identification and reporting of factors contributing to ADR-related hospitalisation for 

community-based patients is crucial to develop preventive strategies to decrease the burden 
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(199, 200). Studies, mainly from developed countries (9, 14), have identified several predictors 

of ADR-related hospital admissions, however, there is scanty data in the developing countries 

including Ethiopia. Hence, we identified six independent predictors of ADR-related hospital 

admission with a fair to good predicting capacity of 79.0% (Figure 3.1), although these 

predictors were not validated in similar or other populations. The sensitivity and specificity of 

the ADR risk prediction in AUROC were 59.2% and 86.6%, respectively, suggesting that it 

could moderately rule-in patients at risk of ADRs and strongly rule-out those patients not at 

risk of ADRs, respectively. This was further augmented by an ADR preventability assessment 

using Schumock and Thornton’s preventability assessment criteria, in which the majority of 

the ADR-related hospitalisations were preventable provided these risk factors were reviewed 

and monitored closely. This is, therefore, a novel finding in developing countries including 

Ethiopia, suggesting a higher burden of malnutrition and rising prevalence of chronic illnesses, 

such as renal and liver diseases demanding multiple medications. In addition, the study will 

reinvigorate medical practitioners in enhancing early identification of patients at higher risk for 

ADRs, promote safe and rational use of medicines through consideration of dosage regimen 

individualisation, and close monitoring.  

The vast majority of cases of ADR-related hospital admission and mortality were preventable 

based on Schumock and Thornton criteria (201). Most of the ADRs identified were type A 

(pharmacologically predictable or dose-related), and resulted from an exaggeration of a drug’s 

normal pharmacological action when given in the usual therapeutic dose. The majority of 

ADRs, therefore, are well known prior to product authorisation and are listed in product 

labelling. More importantly, some dose-related ADRs may reflect a lack of knowledge about 

pharmacokinetics and pharmacodynamics in patients with malnutrition, renal and liver 

diseases, who constituted a substantial number of patients; these risk factors were reported to 

be independent predictors for ADR-related hospital admission. The pathophysiology of 
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malnutrition in adults has not been studied in detail; however, available limited studies (400, 

401) have shown that medical conditions, such as HIV, TB, renal and liver disease are 

important precipitating factors that need special focus. In addition, use of isoniazid in 

malnourished patients increases susceptibility to ADRs due to increased formation of toxic 

metabolites (370) and depletion of glutathione stores that increases vulnerability to oxidative 

liver injury (368). In general, the high proportion of preventable ADRs highlights the 

importance of improving medication use, particularly in vulnerable patient groups, such as 

patients with renal and liver diseases, TB/HIV, and malnutrition.  

In this thesis, overall findings highlight the need to focus on pre-treatment evaluation of 

community dwelling patients, particularly patients with TB/HIV co-infection taking 

concomitant anti-TB drugs and ART, pre-existing renal and liver disease, and malnutrition, in 

order to reduce drug-related adverse outcomes including death. Our findings and the limited 

related literature (354-356) suggest that this pre-treatment evaluation should include, but not 

be limited to, implementation of practical aspects of a multidisciplinary care approach that 

focus on screening for pre-existing renal and liver disease and nutritional status and assessment 

of the benefit of empirical treatment initiation versus the risk of adverse outcomes. This should 

be followed by patient monitoring, adherence to existing treatment protocols, improving of 

patient education, strengthening of clinic/home-based directly observed therapy, and the health 

extension program in the case of Ethiopia. Patients should be closely monitored in a 

multidisciplinary team approach during their treatment follow-up period and linked with their 

respective village’s health extension program for continuous monitoring, and referral (if 

potential ADRs suspected) for appropriate management. One component of continuous patient 

monitoring would be implementing a scheduled regular home-based medication review process 

through health extension packages by clinically trained pharmacists. In addition, continuous 
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training and supervision should be given to health extension workers on procedures of early 

assessment to reduce ADR-related complications. 

The findings of this thesis are relevant to healthcare authorities, program leaders, policy makers, 

and researchers as the series of analyses have revealed several important findings regarding 

ADR-related hospital admission and mortality in sub-Saharan Africa in general and Ethiopia 

in particular, where there is scanty data. The results will aid policy makers and healthcare 

system managers to develop efficient strategies to reduce the burden of ADR-related hospital 

admission on the healthcare system. The results will encourage pharmaceutical regulatory 

authorities to implement pharmacovigilance/post-marketing surveillance in routine clinical 

practice in different healthcare levels. The findings of this thesis also encourage a 

multidisciplinary team approach with the involvement of clinically trained pharmacists in the 

direct patient care process. As an epidemiological study, it identified ADR as an important 

public health problem causing significant morbidity, hospital admissions and deaths, so this 

could encourage researchers to consider multicentre longitudinal studies with interventional 

strategies to identify root causes of ADRs and reduce the ADR-related burden.  

6.4 Strengths and limitations 

The use of recognised and previously published criteria for assessment of ADR causality, type, 

severity, and preventability might increase the robustness of the method employed in the 

current study. Yet there is no universally accepted method for ADR assessment, as there is still 

ongoing debate and no consensus among researchers and regulatory authorities (402). 

Consequently, this might have led to over/under-estimation of the burden of ADRs. We used a 

three-step process to assess ADR causality, type, severity, and preventability; evaluating 

individual patient’s clinical and laboratory parameters with regard to suspected ADR(s), using 

previously recognised methods (Naranjo ADR algorithm, Rawlins and Thompson 
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classification, modified Hartwig et al. severity scale and Schumock and Thornton 

preventability criteria) followed by consensus review between experts. Therefore, use of these 

mixed approaches helped mitigate the subjectivity associated with interpretation of the 

causality, type, severity, and preventability of the ADRs and further increased the robustness 

of the results. Previous researchers (116, 213) have applied a similar approach. The adoption 

of the widely used WHO definition of ADR (21) has enabled direct comparisons with multiple 

studies.  

Most importantly, our study provided a detailed picture of clinical presentations, 

sociodemographic and biochemical patterns of each case due to its prospective methodology. 

The prospective identification of ADRs immediately upon admission by clinical experts has 

allowed for relatively accurate estimation of the problem in the study setting. Our yearlong 

sampling in a teaching and referral hospital serving a population of 15 million avoided the bias 

associated with anti-infective use patterns due to seasonal variation. Our study is important to 

clinicians and policy makers, as it revealed the anti-TB and ART drugs were commonly 

implicated in ADR-related hospitalisation and mortality for community-dwelling Ethiopian 

patients. In addition, we have identified several risk factors for ADR-related hospital 

admissions and mortality, suggesting the need for education of both health professionals and 

patients to raise awareness of the need for early detection and initiation of suitable treatment to 

prevent complications or death.  

There are several limitations in this work. These limitations could inform researchers and 

medical practitioners in the area of medication safety to improve planning of future studies in 

order to maximise the generalisability and validity of the findings. Due to logistic and time 

limitations, our study was conducted only in one centre so may lack direct generalisability to 

other settings.  
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ADR causality assessment is inherently difficult, thus the diagnosis was a clinical one, based 

on a consistent history and supporting laboratory data. For instance, there was lack of liver 

biopsy for diagnosing DIH. Proving the diagnosis of ADRs would require rechallenge with the 

suspected drug by the treating physician to see if a similar reaction recurred, however, this 

approach was not applied for some patients due to potentially severe deleterious outcomes and 

lack of guidelines for re-initiation. We did not observe the progression of ADRs to detect 

chronic ADRs due to the nature of the study. ADRs suspected to be caused by commonly used 

over-the-counter medicines, contraceptives, topical agents, and herbal remedies were not 

commonly recorded in detail in drug histories, which may have resulted in underestimation of 

the true rate of ADR-related admissions. A large number of patients were excluded from the 

study due to their inability to be interviewed as a result of health or other reasons which may 

have also resulted in underestimation of the true rate of ADR-related admissions. The 

characteristics (socio-demographic and clinical conditions) of the excluded patients were not 

collected in the current study, which might be an important potential source of bias for readers 

who want to differentiate these group of patients from the study patients. Additionally, patients 

may have died due to ADRs prior to hospital admission, resulting in underestimation of the 

true ADR-related death rate. As the study findings mainly depended on the patient 

demographics, pre-existing diseases characteristics, drug therapy used and ADR detection 

methods, the results of this study should be generalised to other settings with caution.  

Another limitation of the current work was the inability to measure ADR-related economic 

impact on the healthcare system and individual patient as part of the outcomes of the study. 

The estimation of ADR-related costs would help strengthen the argument to support the 

implementation of the intervention strategies through a reasonable prioritisation, which could 

help reduce the overall costs. Therefore, future work in this area will need specific evaluation 

to quantify both direct and indirect costs of ADRs on patients and the healthcare system, which 
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could allow us to fully understand the economic impact of interventions aimed at reducing 

harm due to ADRs. 

6.5 Future research directions 

More research is needed into intervention strategies to help reduce ADR-related hospitalisation 

and mortality. However, key areas that demand urgent interventions based on our study 

findings include patients taking anti-TB drugs (isoniazid and pyrazinamide) and ART 

(tenofovir, efavirenz and nevirapine), with a special focus on patients with malnutrition, 

previous ADR history, and pre-existing renal and liver diseases. Patients with cardiovascular 

disorders taking furosemide, enalapril, atorvastatin, warfarin and heparin also require special 

consideration. Given our findings that the majority of events occurred in patients receiving 

treatment for chronic infectious and non-communicable diseases, ADR risk assessment and 

intervention strategies should focus on these groups of patients to minimise the occurrence of 

preventable ADR-related hospitalisation and mortality in Ethiopia, noting that measuring the 

effectiveness of such interventions is an area requiring further research.  

In summary, this thesis has provided the most robust estimate of the extent and nature of the 

burden of ADR-related hospital admission and mortality in Ethiopian patients. Given the 

overburdening of the growing healthcare system with ADR-related hospitalisation and 

mortality, urgent work is required to:  

• investigate the impact of genetics, malnutrition, and chronic infectious and non-

communicable diseases on the acquisition and outcomes of ADRs; 

• develop robust methods for prevention of the occurrence of ADRs in the future; 

• validate the ADR risk predictors and, if valid, implement these in practice; and 
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• evaluate the impact of ADR prevention strategies with the ultimate goal of preventing or 

reducing the risk of acquiring ADRs, improving patient outcomes, and minimising ADR-

related costs to the healthcare system. 

Considering the significant problem of ADR-related admission and mortality and lack of 

universally accepted standardised methods for assessing ADR causality, type, severity, and 

preventability, there is a need to develop robust standardised methods in order to accurately 

estimate the worldwide epidemiology and financial costs of the problem to the health care 

system. 

6.6 Thesis conclusion 

Our study provided several novel findings regarding hospitalisation and mortality related to 

ADRs in Ethiopian patients. Our work revealed that the extent of ADR-related hospitalisation 

in adults is an important public health problem, with a significant number of fatal ADRs in 

patients presenting to hospital. Well-known reactions to commonly used drugs, such as anti-

TB drugs, ART and cardiovascular agents, are the most frequently occurring ADRs in patients 

presenting to hospital, suggesting that strategies for their prevention should be identifiable. The 

ADR-related hospitalisation risk prediction demonstrated some ability to identify patients at 

higher risk for ADRs, such as patients with a lower BMI, previous ADR history, renal and liver 

diseases, and multiple comorbidities and medications. Therefore, consideration of these risk 

factors by medical practitioners during assessment of patients at emergency and chronic care 

centres might help distinguish patients who are at higher risk of ADR-related hospitalisation. 

Healthcare professionals, particularly physicians, pharmacists, and nurses should work more 

effectively as a multidisciplinary team to identify, prevent, and manage the ADR-related 

burden experienced by patients. 
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Appendices 

Appendix A. Participant information sheet 

 

 

 

Title: “Adverse Drug Reaction Related Admissions to Jimma University Specialised 

Hospital, Southwest Ethiopia: Clinical Burdens and Determinants” 

You are invited to participate in a research study, conducted by the University of Tasmania, 

School of Medicine. You are selected as a possible participant in this research because you are 

18 years of age or older, and are admitted to a medical ward of the Jimma University 

Specialised Hospital (JUSH) between 01 May 2015 to 31 August 2016. 

Before you decide whether or not you wish to participate in this study, it is important for you 

to understand why the research is being done and what it will involve. Please take the time to 

read (or to be read) the following information carefully and discuss it with others if you wish. 

NB: This form was used after translation into local languages, Amharic and Afan Oromo, as 

explained in the methodology. 

1. What is the background of this study? 

Complications related to medicines are an increasingly important health concern. Detection of 

these complications (known as ‘adverse drug reactions (ADRs)) in hospitals provides an 

important measure of the burden of drug related morbidity on the healthcare system and also 

recognition of drug safety as a major public health priority.   

Private Bay 26 Hobart 

Tasmania Australia 7001 

Phone (03) 6226 2190 

Fax (03) 6226 2870 
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2. What is an adverse drug reaction (ADR)? 

An adverse drug reaction is a response to a drug which occurs at doses normally used in man. 

Most are predictable and are known as side effects. Common examples include skin rash caused 

by antibiotics and drowsiness caused by some anti-allergy medicines. 

3. What is the purpose of this study? 

This study aims to assess the clinical burden of adverse drug reaction-related hospital 

admissions; determine the incidence rate of severe and preventable ADRs, and identify risk 

indicators for ADRs for patients admitted in medical wards in Ethiopia. The hope is that ADR 

risk score will be used to help identify people living in the community who have a high chance 

of ADRs, so that they can receive additional care and attention from healthcare professionals 

to reduce their chance of ending up in hospital. 

This project forms a part of Mulugeta Angamo’s PhD thesis. 

4. What does this study involve? 

If you agree to participate in this study, you can indicate that you want to be involved in using 

the attached Participant Consent Form. The study will be conducted over 12 months from 01 

May 2015 to 31 August 2016. 

This study consists of two parts. Firstly you will be interviewed with a short questionnaire 

regarding any recent changes to your drug therapy, how you take your medicines, alcohol use, 

smoking status, khat chewing habit and previous ADRs. The interview will last not more than 

30 minutes. Secondly, your medical records at the Jimma University Specialized Hospital 

(JUSH) will be reviewed to determine whether you experienced an ADR and what factors 

contributed to any ADR that may have occurred. 
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5. What are the risks associated with these procedures? 

You are unlikely to experience any discomfort during this procedure. If you experience some 

discomfort during the interview process, it may be due to the following reasons 

a) Possible discomfort due to the underlying medical condition. 

b) Possible discomfort due to not understanding clearly the scientific reasons for the questions 

being asked. 

c) Discomfort trying to remember the events before admission or medication history asked 

about by the research officer. 

If you find that you are becoming distressed during the interview, you are free to either end the 

interview or ask the researcher to move the discussion in another direction. If necessary, we 

will arrange for you to see a counsellor at no expense to you. 

6. What are the benefits of this study? 

Your participation may contribute to a better understanding of ADRs occurring in adults and 

elderly people. This may lead to future improvements in ADR prediction for people like you, 

with the aim of reducing the risks of ADRs for these people. This study also assists health 

practitioners to identify people who are at increased risk of ADRs and promote safer use of 

medicines, with a subsequent reduction in the associated costs of admissions due to ADRs or 

prolongation of hospital stay. 

7. What happens if I don’t want to take part in the study? 

Participation is entirely voluntary. It is completely up to you whether or not you participate. If 

you decide not to participate, it will not affect your future care. 

8. How will my confidentiality be protected? 
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Of the people treating you, only the research pharmacist will know whether or not you are 

participating in this study. All information will be treated in a confidential manner and all data, 

including your personal information, will be coded against a unique identifying number so your 

personal information will be protected. Your name and any other personal information will not 

be used in reports or publications resulting from this study. All of the information collected as 

part of this research will be kept in secure storage in the School of Medicine and will be 

destroyed after a period of 10 years in line with University of Tasmania regulations. 

9. Will I benefit from the study?

This study aims to further medical knowledge and may prevent adult and elderly people 

experiencing ADRs in the future; however, it may not directly benefit you. 

10. What should I do if I want to discuss this study further before I decide?

When you have read this information, if you have any queries regarding this study or your 

participation in this study, please do not hesitate to contact one of the study investigators listed 

below: 

Mulugeta Angamo (PhD candidate) 

Telephone: 04        ; Email: mulugeta.angamo@utas.edu.au 

Professor Luke Bereznicki (Deputy Head, School of Medicine) 

Telephone: 04        ; Email: Luke.Bereznicki@utas.edu.au 

Dr Leanne Chalmers (Lecturer, Pharmacy, School of Medicine) 

Telephone: 04        ; Email: Leanne.Chalmers@utas.edu.au 

Dr Colin Curtain (Pharmacy Practice course coordinator) 

Telephone: +61 3 6226 1096; Email: Colin.Curtain@utas.edu.au 

mailto:mulugeta.angamo@utas.edu.au
mailto:Luke.Bereznicki@utas.edu.au
mailto:Leanne.Chalmers@utas.edu.au
mailto:Colin.Curtain@utas.edu.au
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Dr Daniel Yilma (Internist, Department of Internal Medicine, Jimma University, Ethiopia) 

Telephone: +25          ; Email: @     .com     

11. Who should I contact if I have concerns about the conduct of this study?

This project has been approved by the Tasmanian Health and Medical Human Research Ethics 

Committee. If you have any concerns of an ethical nature, or complaints about the manner in 

which the study is conducted, you may contact the Executive Officer of the Human Research 

Ethics Committee (Tasmania) Network on (03) 6226 7479 or human.ethics@utas.edu.au. The 

Executive Officer is the person nominated to receive complaints from research participants.   

Please quote the ethics reference number H0014718 and/or RPGC/58/2015. 

Thank you for taking the time to consider this study. 

If you wish to take part in it, please sign the attached consent form. 

This information sheet is for you to keep. 

mailto:Danielyilmab@gmail.com
mailto:human.ethics@utas.edu.au
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Appendix B. Consent form 

 

 

 

Title of Project: “Adverse Drug Reaction Related Admissions to Jimma University 

Specialized Hospital, Southwest Ethiopia: Clinical Burdens and Determinants” 

1. I acknowledge that the nature, purpose and contemplated effects of the project so far as it 

affects me, have been fully explained to my satisfaction by the research worker and my 

consent is given voluntarily.  

2. The details of the project methods have also been explained to me, including the 

anticipated length of time it will take and an indication of any discomfort, which may be 

expected.  I understand that my involvement means that the research officer has my 

permission to collect information from my medical records, and that I will be asked to 

participate in an interview with the research officer. 

3. I understand that these are the following risks or possible discomfort: 

• Possible discomfort due to the underlying medical condition. 

• Possible discomfort due to not understanding clearly the scientific reasons for 

the questions being asked. 

• Discomfort trying to remember the events before admission or medication 

history asked about by the research officer. 
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I am aware that if I become distressed during the interview, I may either end the interview or 

ask the researcher to move the discussion in another direction. If necessary, counselling will 

be arranged for me at no expense to me. 

4. Although I understand that the purpose of this research project is to improve the quality of 

medical care, it has also been explained that my involvement may not be of any benefit to 

me. 

5. I have been given the opportunity to have a member of my family or friend present while 

the project was explained to me. 

6. I am informed that no information regarding any medical history will be divulged and the 

results of any analyses involving me will not be published so as to reveal my identity. 

7. I understand that my involvement in the project will not affect my relationship with my 

medical advisers in their management of my health. My withdrawal will not affect my legal 

rights, my medical care or my relationship with the hospital or my doctors. 

8. I understand that I will be given a signed copy of this patient information sheet and consent 

form.  I am not giving up my legal rights by signing this consent form. 

9. I understand that the study will be conducted in accordance with the latest versions of the 

National Statement on Ethical Conduct in Human Research 2007 and applicable privacy 

laws. 

Name of participant_________________________________ 

 

Signature of participant _____________ Date___________________  
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10. I have explained this project and the implications of participation in it to this volunteer 

and I believe that the consent is informed and that he/she understands the implications of 

participation. 

Name of investigator:  Mulugeta Angamo 

Signature of investigator:__________________ Date: _______________ 
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Appendix C. Data collection tool   

Section I: Socio-demographic and life style characteristics 

                                                          Patient card number_________________________ 

1. Admission date _____________________(dd/mm/yyyy) 

2. Discharge date______________________(dd/mm/yyyy) 

3. Age_______________ 

4. Gender:   a) Male               b) Female 

5. Weight(Kg) _____________ 

6. Height(m)_____________ 

7. Educational status: 

a) Illiterate  

b) Primary school 

c) Secondary school 

d) College and above  

8. Marital status: 

a) Single  

b) Married  

c) Widowed 

d) Divorced  

9. Job/ Occupation: 

a) Farmer 

b) Merchant 

c) Government employee 

d) Non-government employee 

e) Private employee 

f) Private technical works (e.g. 

carpenter ) 

g) Retired  

h) Student 

i) Others, specify _______________

10. Residence/Place of living: 

a) Rural village b) Urban (city or town)

11. Living status  

a) Living with immediate family b) Living with extended family  
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c) Living alone d) Other, specify________________

12. How often do you consume alcohol (Beer, Wine, “Tella”,”Tejji”, “Katikalla”, etc)? 

a) Usually( daily ) 

b) Sometimes (2-4 times per week) 

c)  Rarely (≤1 times per week)  

d) Not at all  

e) Unknown  

13. Do you smoke cigarette? 

a) Yes b) No  c) Unknown 

If YES, how many cigarette per day ___________________________ 

14. Khat chewing habit: 

a) Regular (≥4 times per week) 

b) Sometimes (2-3 times per week) 

c) Rarely (≤1 times per week) 

d) Not chew khat  

e) Unknown 

15. Do you use herbal/alternative medicine in your home or among practitioners?  

a) Yes b) No  c) Unknown 

If YES, the name of the herb/product___________________________________ 

Section II: Patient’s Cognition, daily Activity and Medication adherence (Interviews) 

16. Abbreviated Mental Test (AMT): Used for cognitive status assessment  

S. No Questions  Yes=1 No =0 

1.  How old are you?   

2.  What is the time (nearest hour)?   

3.  Address for recall at the end of test – this should be repeated by 

the patient, e.g. Ferenji Arada 

  

4.  What year is it?   

5.  What is the name of this place?   
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6.  Can the patient recognise two relevant persons (e.g. 

Nurse/Doctor) 

  

7.  What was the date of your birth?   

8.  When was Ethio-Eritrean War?   

9.  Who is the present Prime Minister?   

10.  Count down from 20 to 1 (no errors, no cues)   

                                                    Total Correct sum  ______/10 

NB: A score of less than 7 suggests cognitive impairment. 

17. Barthel Index (BI) of Activities of Daily Living  

 Variables  With help Independent  

1 Feeding (if food needs to be cut up)  5 10 

2 Moving from wheelchair to bed and return (includes 

sitting up in bed) 

5-10 15 

3 Personal toilet (wash face, comb hair, shave, clean teeth) 0 5 

4 Getting on and off toilet (handling clothes, wipe, flush) 5 10 

5 Bathing self 0 5 

6 Walking on level surface(or if unable to walk, propel 

wheelchair) 

*score only if unable to walk 

10 

0* 

15 

5* 

7 Ascend and descend stairs 5 10 

8 Dressing(includes tying shoes, fastening fasteners) 5 10 

9 Controlling bowels 5 10 

10 Controlling bladder 5 10 

                                                    Total Correct sum _________/100 
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Notice: A patient scoring 100 BI is continent, feds himself, dresses himself, gets up out bed 

and chairs, bathes himself, walks at least a block, and can ascend and descend stairs.  

18. Morisky 8-Item Medication Adherence scale   

No. Morisky 8-Item Medication Adherence Questionnaire Answer 

1 Do you sometimes forget to take your medicine?  Yes       No 

2 People sometimes miss taking their medicines for reasons other than 

forgetting. Thinking over the past 2 weeks, were there any days 

when you did not take your medicine? 

 Yes       No 

3 Have you ever cut back or stopped taking your medicine without 

telling your doctor because you felt worse when you took it? 

 Yes       No 

4 When you travel or leave home, do you sometimes forget to bring 

along your medicine?  

 Yes       No 

   5 Did you take all your medicines yesterday?  Yes       No 

6 When you feel like your symptoms are under control, do you 

sometimes stop taking your medicine? 

 Yes       No 

7 Taking medicine every day is a real inconvenience for some people. 

Do you ever feel hassled about sticking to your treatment plan? 

 Yes       No 

 

   8 How often do you have difficulty remembering to take all your 

medicine?  

 Never/rarely 

 Once in a while 

  Sometimes 

  Usually 

  All the time 

                                          Total Correct sum ______/8 

Notice: Never/rarely= 0; Once in a while/ Sometimes/Usually/All the time = 1 and Yes=1 and 

No=0 
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Section III: Medical and medication related data (Medical Record Review) 

19. Chief compliant for current admission is : 

_____________________________________________________________________ 

20. Pertinent history of present illness: 

___________________________________________________________________________

___________________________________________________________________________ 

21. Current physician diagnosis  

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

22. Was the patient following up for chronic care at ambulatory care clinic? 

                a) Yes               b) No          c) unknown 

23. Was the patient admitted in the last 3 months?   

      a) Yes      b) No     c) unknown  

If YES, reasons for admission______________________________________________ and 

Number of admissions________________            

24. Does the patient have documented or reported drug allergy/hypersensitivity history, e.g. to 

Penicillin, Aspirin?  

                  a) Yes                          b) No                      c) unknown 

If YES, for which drug/agent_______________________________________________ 

25. Does the patient have documented or reported ADR history? 

                      a) Yes                    b) No                       c) unknown 

If YES, for which drug/agent ______________________________________________ 

26. Charlson Comorbidity index:   
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The Charlson Co-Morbidity Index* Yes No Classic score Updated 

AIDS   +6 +4 

Cerebrovascular disease (excluding hemiplegia)   +1 +0 

Chronic respiratory disease (e.g. asthma, COPD, bronchitis)   +1 +1 

Congestive heart failure   +1 +2 

Connective tissue disease (e.g. SLE, rheumatoid arthritis, 

scleroderma, Sjogren’s disease, osteoarthritis, etc.) 

  +1 +1 

Dementia   +1 +2 

Hemiplegia or paraplegia   +2 +2 

Any malignancy including Leukaemia  and Lymphoma   +2   +2 

Myocardial infarction   +1 +0 

Peripheral vascular disease   +1         + 0 

Peptic ulcer disease   +1 + 0 

Diabetes mellitus without end organ damage       +1 + 0 

Diabetes mellitus with end organ damage         +2 +1 

Mild liver disease (e.g. cirrhosis without portal HT, chronic 

hepatitis) 

 

 

 

 

    +1 +2 

Moderate or severe liver disease (e.g. cirrhosis with portal HT 

+/- variceal bleeding) 

     +3 +4 

Renal diseases          +2 +1 

Metastatic solid tumour         +6 +6 

                                                              Total score:   

Age of patient 

1. Age <40 years: 0 points 

 

+0 

 

    +0 
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2. Age 41-50 years: 1 points 

3. Age 51-60 years: 2 points 

4. Age 61-70 years: 3 points 

5. Age 71-80 years: 4 points 

6. Age 81-89 years: 5 points 

+1 

+2 

 +3 

 +4 

 +5 

    +1 

    +2 

    +3 

       +4 

       +5 

                                                         Total score, including age factor   

*Note: The following comorbid conditions are mutually exclusive: diabetes with chronic complications 

and diabetes without chronic complications; mild and moderate/sever liver disease; and any malignancy 

and metastatic solid tumour 

 

27. Pertinent Laboratory/Biochemical investigation results that could be helpful for ADR 

diagnosis (write the laboratory investigation result in-front of respective parameters if it 

was performed as per the patient clinical indication )  

 

Laboratory parameters  

Laboratory investigations vs normal reference values   

At Admission (if any 

between 0 to 24 hrs of 

admission)   

Reference values (Bases on Koda-Kimble, et 

al. Applied therapeutics book) 

Renal function test 

a) Scr  0.6-1.2mg/dl 

b) BUN  8-18 mg/dl 

c) eGFR  75-125ml/min  

Liver function test 

a) AST  0-35 IU/L 

b) ALT  0-35IU/L 
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c) ALP   30 – 120 U/L 

d) Bilirubin-total  0.1–1.0 mg/dL   

e) Bilirubin-direct   0-0.2mg/dL 

f) Serum albumin   3.5 – 5 g/dL 

Complete Blood Count(CBC)  

a) WBC count  3.2-9.8x103cell/mm3 

b) RBC count  4.2-5.9x106 for M&3.5-5x106 cells/mm3 

forF 

c) Neutrophils   54%-62% 

d) Bands   3%-5% 

e) Lymphocytes   25%-33% 

f) Monocytes   3%-7% 

g) Eosinophils   1%-3% 

h) Basophils   <1% 

i) Hgb  14-18g/dL for M &12-16 g/dL for females 

j) HCT  39-49% for M &33-43% for F 

k) MCV  76 to 100 μm3 

l) MCH  27 to 33pg 

m) MCHC  33- 37g/dL 

n) PLT  130-400x103/ mm3 

Coagulation Test 

a) INR  2.0-3.0 for AF/DVT/VHD 

b) aPTT  35 to 45 to seconds 

Lipid panel  
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a) TG  <160 mg/dL 

b) Total Cholest  <200 mg/dL 

c) LDL  70–160 mg/dL 

d) HDL  >45 mg/dL 

Cardiac function  

a) Troponin I  <0.03 ng/mL 

b) CK-MB  0–12 units/L 

Electrolyte test  

a) Na+  135 - 145 mEq/L 

b) K+  3.5 – 5.0 mEq/L 

c) Ca+  8.8 – 10.2 mg/dl 

Glycaemic level  

a) FPG  70 – 110 mg/dl 

b) RPG  140-180mg/dl 

Vital signs  

a) Temperature   

b) BP   

c) PR   

d) RR   

Ultrasonography 

interpretation  
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ECHO interpretation   

 

 

 

 

EKG interpretation  

 

 

 

 

 

Others   
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28. List of medications (including OTC medications and contraceptive pills)  used prior to the current hospital admissions 

Name of the prescription only drug  Yes   No Dose   Frequency Date started  Date stopped  Routes Remark  

1.        

2.        

3.        

4.        

5.        

6.        

7.        

Name of Contraceptives  Yes       No Dose   Frequency Date started  Date stopped  Routes Remark  

8.        

9.        

Name of OTC drugs   Yes       No Dose   Frequency Date started  Date stopped  Routes Remark  

10.        

11.        

12.        



215 
 

 
 

Section IV: Summary of ADR Case note  

29. Describe the suspected adverse reactions based on the above available patient data. 

 

 

 

 

 

30. What are the pertinent clinical and laboratory abnormalities for suspected corresponding 

drug(s)? 

Pertinent suspected drug related reactions 

(after interviewing of patient and 

reviewing of patient medical record) i.e. 

before causality assessment: Clinical data 

Pertinent biochemical 

/laboratory abnormality 

detected  

Corresponding suspected list 

of drug(s) patient taking at 

admission 

1)    

 

 

2)    

 

3)   

 

 

4)   
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31. Suspected drug outcomes  

a) Drug stopped  

b) Drug withheld  

c) Drug continued  

d) Drug substituted 

e) Dose reduced 

f) Antidote or counteracting agent administered  

g) Unknown  

32. ADR outcome: 

a) Fatal                    

b) Not yet recovered  

c) Partially recovered                     

d) Recovered                     

e) Unknown    

Section V: ADR Causality, Severity, Type and Preventability assessment  

33. Causality assessment for each of the suspected drug on Q30 above 

Question Yes No 

Do 

Not 

Know 

Scores for suspected  

drug(s) in Q31 

(1) (2) (3) (4) 

1. Are there previous conclusive reports on this reaction?  +1 0 0     

2. Did the adverse reaction appear after the suspected drug 

was administered?  
+2 -1 0     

3. Did the adverse reaction improve when the drug was 

discontinued or a specific antagonist was administered?  
+1 0 0     
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4. Did the adverse reaction reappear when the drug was 

readministered?  
+2 -1 0     

5. Are there alternative causes that could on their own have 

caused the reaction?  
-1 +2 0     

6. Did the reaction reappear when a placebo was given?  -1 +1 0     

7. Was the drug detected in blood or other fluids in 

concentrations known to be toxic?  
+1 0 0     

8. Was the reaction more severe when the dose was 

increased or less severe when the dose was decreased?  
+1 0 0     

9. Did the patient have a similar reaction to the same or 

similar drugs in any previous exposure?  
+1 0 0     

10. Was the adverse reaction confirmed by any objective 

evidence?  
+1 0 0     

Total Score:        

 

34. List of drug(s) implicated in causing ADR 

List of drug(s)  List of corresponding ADRs 

1)   

2)   

3)   

4)   
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35. Type of ADR based on Rawlins classification (Tick “√” in the most appropriate box taking 

into consideration of ADR listed in Q34)  

ADR type Reaction (1) Reaction (2) Reaction (3) Reaction (4) 

a) Type A (Dose dependent, 

pharmacological and 

predictable) 

    

b) Type  B (Dose independent, 

bizarre and non-predictable)  

    

 

36. Is there clinically significant interactions between or among drugs used by the patient at 

admission? This question should be answered by checking interactions in MICROMEDEX 

drug interaction checker and based on existing evidences.  

a) Yes                      b) No                             c) Unknown  

If YES, the severity level of interaction is: 

a) Contraindicated (Avoid combination)-means the drugs are contraindicated for concurrent 

use 

b) Major (Consider therapy modification) -means the interaction may be life threatening 

and/or require medical intervention to minimise or prevent serious adverse events 

c) Moderate (Monitor therapy)-means the interaction may result in exacerbation of the 

patient’s condition and/or require an alteration in therapy 

d) Minor (No action is needed) – means the interaction would have limited clinical effects. 

May include an increase in the frequency or severity of the side effects, but generally it 

would not require a major alteration in therapy 

e) Unknown (No known interaction)-the interaction is unknown  
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37. Severity of ADR based on modified Hartwig and Siegel scale (Tick √ in the most appropriate level  for ADR listed in Q34)  

Severity scale  Severity 

Level  

Description of the above identified reaction(s)  Reaction (1) Reaction (2) Reaction (3) Reaction (4) 

a) Mild  Level 1 The ADR requires no change in treatment with the suspected 

drug.                                                              Yes       No 

    

Level 2 The ADR requires that the suspected drug be withheld, 

discontinued or otherwise changed.               Yes       No 

    

b) Moderate  Level 3 The ADR requires that the suspected drug be withheld, 

discontinued or otherwise changed, and/ or an antidote or other 

treatment is required. There is no increase in length of stay.  

                                                                         Yes       No 

    

Level 4 (a) Any level 3 ADR that increases length of stay by at least one day. 

                                                                         Yes       No 

    

Level 4 (b) The ADR is the reason for admission.             Yes       No     

c) Severe  Level 5 Any level 4 ADR that requires intensive medical care.  

                                                                              Yes       No 

    

Level 6 The ADR causes permanent harm to the patient.  Yes       No     

Level 7(a) The ADR directly leads to the death of the patient.  Yes   No                                                                                  

Level 7(b) The ADR indirectly leads to the death of the patient.  Yes  No                                                                  
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38. Preventability of ADR based on Schumock and Thornton scale (Tick √ in the most appropriate preventability scale bases on the ADR listed in 

Q 34). Notice: Answering “yes” to one or more of the questions in section “a” implies that an ADR is DEFINITELY preventable and If answers 

are all negative to section “a”, then proceed to Section “b”. Answering “yes” to one or more of the questions in section “b” implies that an 

ADR is PROBABLY preventable and if the answers are all negative to section “b”, then proceed to Section “c”. In Section “c” the ADR is 

NOT preventable  

Preventability scale Description of each scale  Reaction (1) Reaction (2) Reaction (3) Reaction (4) 

a. Definitely 

Preventable 

 

1. Was there a history of allergy or previous reactions to the drug?             

 Yes       No 

2. Was the drug involved inappropriate for the patient’s clinical 

condition?       Yes       No 

3. Was the dose, route or frequency of administration 

inappropriate for the patient’s age, weight or disease state? 

                         Yes       No 

4. Was a toxic serum drug concentration (or laboratory 

monitoring test) documented?  Yes       No 
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5. Was there a known treatment for the adverse drug reaction?  

                                                  Yes       No 

b. Probably 

Preventable 

 

6. Was required therapeutic drug monitoring or other necessary 

laboratory tests not performed?                        Yes       No 

7. Was a drug interaction involved in the ADR?  Yes       No 

8. Was poor compliance involved in the ADR?    Yes       No 

9. Were preventative measures not prescribed or administered to 

the patient?                                                        Yes       No 

    

c. Not preventable If all above criteria not fulfilled     
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Appendix E. Ethics approval letters 
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Appendix F. ADR preventability factors  

Of 119 ADR-related admissions, 106 (89.1%) ADRs in 92 patients were suspected to be 

preventable according to Schumock et al. preventability assessment criteria. The leading 

preventability factors identified were inadequate monitoring of therapies (73.3%), presence of 

drug interactions (65.0%), not prescribing preventive measures (58.3%), presence of poor 

medication compliance (30.5%) and presence of previous ADR history (24.4%) (Fig 1). The 

majority (75.5%) of the reactions involved >1 Schumock et al. preventability assessment factor.  

 

Figure 1. Schumock et al. preventability factors of ADR-related hospitalisation  

 

 

 

1.1

3.3

24.4

30.5

58.3

65

73.3

0 10 20 30 40 50 60 70 80

There was known treatment for ADR

Inappropriate drug or dosage for the
patient or clinical condiction

There was previous allergy or ADRs

There was poor compliance involved in
the ADR

Preventive measure was not prescribed

There was documented drug-interactions

The required therapeutic monitoring
tests was not performed

Frequency of preventability factors

Sc
hu

m
oc

k 
 e

t a
l. 

pr
ev

en
ta

bi
lit

y 
fa

ct
or



228 
 

 
 

Appendix G. ADR severity, outcomes and length of hospital stay   

According to the Hartwig severity scale, 95 (79.8%) of the ADRs were reasons for hospital 

admission and/or increased LOS by at least one day, 6 (5.0%) of the ADRs required intensive 

medical care, 3 (2.5%) caused permanent harm to the patient and 15 (12.6%) led to death 

directly or indirectly. Of the 119 ADRs, 58 (48.7%) were not recovered at discharge whereas 

46 (38.7%) ADR cases were fully recovered (Table 1). 

One hundred and nineteen ADRs resulted in 1,565 hospital days (1,319 days for moderate 

ADRs and 246 days for severe ADRs), which was 11.6% of overall admissions (i.e. 13,520 

days). The overall median (IQR) LOS for patients with ADRs was 12 (9-20) days. The median 

(IQR) LOS was shorter for patients with severe ADRs than patients with moderate ADRs and 

patients without ADRs, 10 (4.5-12) days versus 13 (9-21) days versus 11 (8-16) days, 

respectively. Overall, ADRs prolonged hospital stay by approximately two days.   

Appendix G Table. Hartwig severity scale and outcomes of the patients hospitalised with 

ADRs 

ADR severity level  N (%) 

ADR was a reason for hospital admission and/or increased LOS by 

at least one day 

95 (79.8) 

ADR that required intensive medical care 6 (5.0) 

ADR caused permanent harm to the patient 3 (2.5) 

ADR directly or indirectly led to death 15 (12.6) 

ADR outcomes   

Fatal 15 (12.6) 

Not fully recovered 58 (48.7) 

Fully recovered 46 (38.7) 

 



229 
 

 
 

Appendix H. Previous ADR history 

Of 1,001 patients included in this study, 41 (4.1%) patients had a previous ADR history. Of 

these 41 cases, 29 (71.0%) were documented in patients admitted with current ADRs and 61.0% 

were in females. Of the 29 previous ADR cases identified in patients hospitalised with ADRs, 

12 of them were similar in type to the current ADRs. Of 41 patients with a previous ADR 

history, ADRs were not diagnosed in 12 of them (i.e. 12 patients with previous ADR history 

were admitted with other medical problems) (Table 2).  
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Appendix H Table. Case details of patients with previous ADR history  

Patient 
ID  

Age Gender  Previous ADR type/allergy or 
suspected drug  

Current ADR and suspected ADR 

07 27 F  Ampicillin suspected allergy  Cloxacillin suspected skin rash  
87 58 F  Glibenclamide suspected 

hypoglycemia  
Glibenclamide suspected gastritis  

130  27  F  AZT/3TC/EFV with unidentified 
ADR 

Lamivudine suspected diarrhoea  

176 50  M  Insulin suspected hypoglycemia  Insulin suspected hypoglycemia  
177  48  M  Metoprolol and enalapril with 

unidentified ADR 
Metoprolol suspected syncope  

187  40  F  Bleeding with unknown agent  Diclofenac suspected 
gastrointestinal bleeding  

278 36  F  Phenobarbital and phenytoin 
suspected osteoporosis  

Phenobarbital and phenytoin 
suspected osteomalacia  

279 38  M  Anti-TB suspected hepatotoxicity  Isoniazid and pyrazinamide 
suspected hepatotoxicity  

296  75  M  Atorvastatin and aspirin 
suspected unidentified ADR 

Atorvastatin suspected 
hepatotoxicity 

303  25  F  Tenofovir suspected 
nephrotoxicity  

Tenofovir suspected acute kidney 
injury  

304  35  F  Anti-TB suspected skin rash  Isoniazid and rifampicin suspected 
pruritic skin rash  

305  29   F  Efavirenz suspected 
hepatotoxicity  

Efavirenz suspected hepatotoxicity 

311 60  M  Lovastatin suspected unidentified 
ADR 

Atorvastatin suspected 
hepatotoxicity 

314  70  M  Glibenclamide suspected 
hypoglycemia  

Insulin and glibenclamide 
suspected hypoglycemia  

340  25  F  Efavirenz suspected nightmare  Efavirenz suspected delirium  
345  70  M  Atenolol suspected orthostatic 

hypotension  
Furosemide suspected acute 
kidney injury and metoprolol 
suspected vertigo  

374 40  F  Skin rash with unknown agent  Isoniazid and pyrazinamide 
suspected hepatotoxicity 

401  27   F  Zidovudine suspected anemia  Nevirapine suspected severe skin 
rash  

405  18 M  Skin rash with unknown agent  Diclofenac suspected acute kidney 
injury  

421  28  F  Anti-TB suspected hepatotoxicity Isoniazid and pyrazinamide 
suspected hepatotoxicity 

524  37  F  Zidovudine suspected allergic 
reaction   

Rifampicin suspected diarrhea   

550  24  M  Anti-TB suspected hepatotoxicity Isoniazid and pyrazinamide 
suspected hepatotoxicity 

659  55 F  Anti-TB suspected unidentified 
ADR 

Isoniazid and efavirenz suspected 
hepatotoxicity 

677  28  F  Co-trimoxazole suspected 
hypersensitivity reaction  

Isoniazid, pyrazinamide and 
efavirenz suspected hepatotoxicity 
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Case details of patients with previous ADR-history cont…. 

Patient 
ID  

Age Gender  Previous ADR type/allergy and 
suspected drug  

Current ADR 

769  33 M  Anti-TB suspected unidentified 
ADR 

Isoniazid and ritonavir suspected 
hepatotoxicity 

878 25  M  Efavirenz suspected 
neuropsychiatric problem  

Efavirenz suspected delirium 

899  35  F  Medroxyprogesterone acetate 
suspected skin rash  

Medroxyprogesterone acetate 
suspected vaginal bleeding   

921  40  F  Hydrochlorothiazide suspected 
Skin rash 

Furosemide suspected acute 
kidney injury and hypocalcemia  

993  19  F  Phenytoin suspected gingival 
hyperplasia  

Phenytoin suspected gingival 
hyperplasia 

146 20  M  Anti-TB suspected skin 
pigmentation (blackening)  

No ADR suspected  

156  35  M  Epigastric pain with unknown 
agent  

No ADR suspected 

168  40  M  Nevirapine suspected skin rash  No ADR suspected 
172  80  M  Enalapril suspected dry cough  No ADR suspected 
212  80  F  Penicillin allergic  No ADR suspected 
225  32  F  Co-trimoxazole and nevirapine 

suspected skin rash  
No ADR suspected 

257  30  F  Lamivudine suspected 
vomiting  

No ADR suspected 

370  35  F  Anti-TB suspected 
hepatotoxicity 

No ADR suspected 

380  36  F  Warfarin suspected bleeding  No ADR suspected 
776  21 M  Warfarin suspected bleeding No ADR suspected 
785  35 F  Anti-TB suspected unidentified 

ADR 
No ADR suspected 

956  48  F  Unfractionated heparin 
suspected phlebitis   

No ADR suspected 
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