
 

 
ii 

ABSTRACT 

 
Older patients are at increased risk of experiencing adverse drug reactions (ADR), which are 

often attributed to a range of factors associated with polypharmacy and some of the 

physiological changes occurring with age, which can alter both pharmacokinetic and 

pharmacodynamic properties of a drug. The overall aim of this thesis was to develop and 

validate a system which could be used to identify and prevent the potential occurrence of 

ADR during in-patient stay.   

 

To achieve this, the study was divided into four distinct parts; Part 1 involved conducting an 

observational study for assessing the incidence and nature of ADR in older inpatients (≥65 

years), in a UK teaching hospital - Brighton ADR Risk Study (BADRI Study).  This was 

achieved by collecting prospective data on the incidence and characteristics, including type 

and nature of the ADR, as well as factors likely to contribute to ADR in older patients.  Part 

2 involved assessment of inter-observer reliability among four independent reviewers which 

were asked to characterise the types, severity and preventability of ADR.  Part 3 focused on 

assessment of preventability of ADR cases using qualitative approach from two different 

groups of healthcare professionals.  Part 4 of the study focused on the designing of a tool to 

stratify the risk of older patients experiencing ADR by drawing on data from part 1.  The 

outcome of this established the tool (BADRI score) which was later validated in a 

collaborative pan-European study of 4 centres.  

 

In the observational study, one in every eight in-patients with mean age of 85 years 

experienced an ADR, with three out of four (72%) of these reactions being serious.  A 

significant proportion of the reactions were considered preventable.  Cardiovascular agents 

were responsible for the majority of ADR reported (34%).  Multivariate analyses identified 

five variables that influence the risk of an elderly person developing ADR.  The use of eight 

or more medications (odds ratio (OR) 3.3, CI 1.93-5.65), history of hyperlipidemia (OR 3.3, 

CI 1.81-6.07), Length of stay (OR 2.3, CI 1.35-3.83), hypoglycemic agents (OR 1.9, CI 

1.04-3.49), and raised white cell count on admission (OR 1.5, CI 0.94-2.55) were 

significantly associated with ADR occurrences. 

 

The inter observer reliability study identified only “fair” ( =0.37) agreement between 

pharmacist and physician in the classification of preventability.  This finding was supported 

by the detailed analysis of preventability.  Part three highlighted the challenges of 

standardising the decision made in relation to ADR when different professional groups are 

involved.  In a subset of 17 preventable ADR cases, the preventability label was removed in 

6 cases by doctors and 3 by pharmacists.  In-depth analysis using medical and pharmacist 

consensus panels exposed the difficulties in assigning preventability in older patients. 

 

Finally, a risk prediction model consisting of 5 variables was developed (BADRI score). 

External validation of the score revealed that it met key criteria necessary for a model to be 

used to predict ADR as it possessed good accuracy of score with high sensitivity (80%) and 

discrimination capacities of 0.73 (95% CI 0.66-0.80).  Further work is necessary to confirm 

that the risk factors identified in this study can be generalise to all the hospitals in the NHS.  
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PREFACE 
 

This thesis is concerned with the development of a risk model to predict and identify 

older patients at risk of adverse drug reactions (ADR) during their in-patient stay. A 

literature review was undertaken in Chapter 1 demonstrates the extent of the problem in 

older population and why they are vulnerable to adverse drug reaction. The chapter also 

give an overview of the methods currently available in ADR prevention together with 

the limitations observed in each approach. Chapter 2 presents an overview of the general 

methodology used in the current research programme focusing particularly on the 

observational study. For each chapter after this (Chapter 3, 4, 5 and 6), the individual 

methods used in each study followed by the results and discussion including limitation 

observed were presented systematically. Chapter 3 examines the incidence and 

characteristics of ADR occurring among older in-patients during their hospital stay in a 

UK hospital. The severity, preventability and common drug classes associated with 

ADR, together with the independent risk factors for ADR occurrence were investigated. 

The finding from this main study was used to address and provide a case to highlight the 

need for the development of a risk prediction model that can be used as a preventative 

strategy to reduce the occurrence of ADR. Chapter 4 is concerned with the testing of 

inter observer reliability for the classification of event type, causal assessment of ADR, 

type of ADR, preventability, and severity among four individual reviewers. This is 

followed by the qualitative analysis using panel group method to perform an in-depth 

analysis of preventability classification in Chapter 5. Chapter 6 describes the model 

development process and the external validation of the ADR risk score in multicentre 

across Europe. In addition, the accuracy and the discrimination property of the score 

was evaluated to identify and support its use in clinical practice. Finally, a general 

summary of the thesis including the limitation and validity of the results is presented in 

Chapter 7. The contribution of the current research work to the body of current 

knowledge and plans for future research were also listed in this final chapter.    
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CHAPTER 1 INTRODUCTION  

 

1.1 Introduction 

The issue of patient safety has been around ever since the ancient Greek civilisation, 

when Hippocrates, the “father of medicine”, stated that an important tenet of medical 

care was to abstain from doing harm.  As a consequence, „Primum non nocere‟ (first do 

no harm) has become the most important principle of the Hippocratic Oath, guiding the 

care provided by doctors.  This has particular resonance in current practice as the focus 

on safety is once more in the spotlight following a number of high profile events, many 

of them relating to the use of medicines. The last 30 years has seen considerable 

developments in both the number of medicines available and also more complex 

technologies used to deliver them effectively.  Coupled to the changing patient 

demographics, where people live longer, certain diseases are more prevalent and 

patients are now surviving events which until fairly recently, might have killed them, 

this adds an element of risk in prescribing.  To counter these issues we have seen the 

development of new pharmacovigilance techniques to better detect, assess, understand 

and prevent the adverse effects of medicines.  Whilst these approaches focus on agents 

entering the market, health care policy makers are increasingly interested in how 

adverse events associated with medicines used in every day practice are reported, 

interpreted and used to design preventative strategies.   

  

Drug safety was first brought into the main stream of clinical care approximately half a 

century ago by Barr who stated:  

 

“One of the great hazards in the use of potent drugs is their inherent toxicity” 

 (Einarson, 1993). 

 

At the time he used digitalis as a classical example to support his argument.  More 

recently the issue of drug safety has grown rapidly with several meta-analyses, original 
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research papers and numerous review articles, published each year, defining the problem 

and suggesting approaches to limit the adverse effects of medicines.  

Interestingly, these articles illustrate that the active ingredient of digitalis (digoxin) 

continues to be implicated in many adverse drug events.  This suggests that even 50 

years on there is still much to learn on the subject of using medicines safely. 

 

There has been an exponential growth in the availability and consumption of medicine 

in recent times.  The stated benefits associated with the use of certain drugs have, for 

some medicines, been over-played when the potential for harm is considered.  Although 

only a small proportion of patients experience harm due to drug use some of these cases 

can be sufficiently severe to cause hospitalisation, almost always requiring some form of 

additional treatment and under certain conditions result in death.  An aging population, 

who consume increasing numbers of medicines, treating a broad range of medical 

conditions, ensures that drug safety is a key issue facing society as well as those who 

provide healthcare.  

1.1.1 Terminology and Definitions 

When researching the area of medication safety it is important to understand the 

different terminology and definitions often used in the literature, to enable appropriate 

comparisons between different studies.  For example; Drug Safety is often used to 

broadly refer to any condition related to a Medication Related Problem (MRP).  MRP is 

also used interchangeably with the term Adverse Drug Event (ADE).  

 

An ADE is commonly defined as: 

 

“An injury resulting from medical intervention relating to the drug” 

(Bates et al., 1995b)  

 

Another commonly accepted definition of ADE is that proffered by the International 

Conference on Harmonization Guidelines (FDA), designed to be broad and inclusive, it 

states: 
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“Any untoward medical occurrence in a patient or clinical investigation subject 

administered a pharmaceutical product and which does not necessarily have to have a 

causal relationship with this treatment.” 

 

The definition continues to include:  

“Any unfavourable or unintended sign, symptom, or disease temporarily associated with 

the use of any dose of a medicinal product, whether or not considered related to the 

medicinal product.”  

 

Adverse drug events have been categorised, by Nebeker and colleagues (2004), into five 

different classes:  

 

(i) Adverse drug reactions,  

(ii) Medication errors,  

(iii) Therapeutic failures,  

(iv) Adverse drug withdrawal events, and  

(v) Overdoses 

(Nebeker et al., 2004) 

 

One of the key problems associated with research in this discipline is differentiating 

between these various classes.  For example, a medication error could be viewed as an 

unintended action which has the potential to harm a patient.  Although adverse drug 

reactions can be typically classified into type A and B they could also be seen as a 

medication error when an excessive dose is prescribed, as example, for a patient with 

renal insufficiency.  For this reason this thesis will focus on adverse drug reactions 

(ADR) alone.  Classically, ADR is defined as a Type A or Type B reaction (Rawlins and 

Thompson, 1977), where a Type A reaction is common, dose dependent, due to an 

extension of the known pharmacological effects of the drug and therefore predictable. In 

contrast a Type B reaction is not dose dependent or related to the known 

pharmacological profile of the drug, being seen as a bizarre unpredictable reaction.     
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Although there are various other definitions of an ADR available, the most widely used 

was initially developed by the World Health Organisation (WHO) in 1979, before being 

further refined and adapted by Edwards and Aronson in 2000.  The earlier WHO 

definition states: 

 

“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 functions.” 

WHO (1979) 

 

This definition was considered by many to be too vague for routine application and as a 

result was re-defined by Edwards and Aronson (2000) to include any reactions that 

occurred due to a medication error.  They define ADR as:  

 

“An appreciably harmful or unpleasant reaction, resulting from an intervention related to 

the use of a medicinal product, which predicts hazard from future administration and 

warrants prevention or specific treatment, or alteration of the dosage regimen, or 

withdrawal of the product.” 

Edwards & Aronson (2000) 

 

Recent studies conducted in the UK have utilised the definition by Edwards and 

Aronson (Pirmohamed et al., 2004, Davies et al., 2006, Davies et al., 2009) in order to 

enable direct comparison of the findings of different studies.  

 

Most of the studies published in the US usually use ADE as their primary outcome, 

although it is not commonly interchangeable with ADR and is not necessarily due to the 

drug itself.  The relationship between ADR, medication error and adverse drug events 

illustrated in the Figure 1.1.  
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Figure 1.1: Model to describe types and relationship of risk from drug treatment 

 

(Source: Adapted from (Nebeker et al., 2004) 

1.1.2 Population changes 

Numbers in the older population are growing worldwide and similar trends are observed 

in the UK (Figure 1.2).  Older people consume about 43% of medication prescribed in 

England and Wales, although they represent only 16% of the UK population.  In 

England alone 21% of inhabitants are over 60 years old and utilise 56% of prescriptions 

dispensed (Lowe et al., 2000, Lenaghan et al., 2007).  More than 40% of the National 

Health Service (NHS) budget was spent on medications to care for older patients (Wong 

et al., 2004). 
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The establishment of the Ageing Research Funder Forum in 2000 (Wong et al., 2004) 

and the publication of the National Service Framework (NSF) for older people 

(Department of Health, 2001b) the following year, shows the importance of conducting 

research in an ageing population.  This also ensures that this population gains maximum 

benefits from their medicine.   

 

Figure 1.2: Estimated percentage growth of the elderly in the UK  

 

 

 

 

 

 

 

 

 

 

 

 

 

(Source: (Government Actuary's Department, 2002) 

1.1.3 Scale of the problems 

The incidence and burden of ADR have been studied worldwide with diverse outcomes 

reported due to variation in the definition, classification, causality assessment and 

detection methods (Rommers et al., 2007).  Nevertheless, the risk from drug treatment is 

clearly highlighted, despite various terminologies employed.  Several key studies will be 

discussed in detail.  These studies mainly focus on ADR causing hospital admission or 

ADR that occurs during in-patients stay.   
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1.1.3.1  ADR causing hospital admission  

The reported prevalence of ADR causing hospital admission has not changed over the 

past decade.  The Harvard Medical Practice Study, addressed the impact of adverse 

events in hospitalised patients which contributed to major public attention, showed that 

3.7% of 30,195 patients admitted to acute hospitals in 1984 experienced adverse events 

(Leape et al., 1991).  

 

They found drugs to be a leading cause of adverse events, which were then defined as an 

injury due to medical treatment, accounting for 19.4% of overall injuries identified 

(Leape et al., 1991).  

 

 Another seminal paper by the same group showed that adverse drug event occurred at a 

rate of 6.5 per 100 adult admissions among 4031 medical and surgical inpatients, with 

28% of the events judged preventable (Bates et al., 1995b).  The mean age for patients 

included in this study was 51.8 (SD 18.8) years old.  A systematic review of 68 

prospective and retrospective studies worldwide found the mean ADR rate for 

admissions caused by ADR was 6.7% (95% CI 6.6 to 6.8) (Wiffen et al., 2002).  

However information on studies which focus only on older patients and mean age of 

patients included in the systematic review was not reported. 

 

In the same year, another meta-analyses of 68 studies showed that the average rate of 

ADR-related hospital admission was 16.6% in the elderly (age >65 years old) compared 

to 4.1% in younger patients (Figure 1.3) (Beijer and de Blaey, 2002).  The largest UK 

study on admission caused by ADR, reported a prevalence of 6.5% (95% CI 6.2 to 

6.9%) in 18,820 admissions.  Patients admitted with ADR (median age 76 years, IQR 

65-83) were significantly older than those without ADR (66 years, IQR 46-79) 

(Pirmohamed et al., 2004). Seventy two percent of the total ADR was classified as 

“definitely” and “possibly” avoidable.  Drug interaction accounted for 16.6% (15-19%) 

of ADR identified.  
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Figure 1.3: Study size versus percentage ADR related hospital admission  

 

Studies 1-51: non-elderly; studies 53-69: the elderly. Vertical lines represent 95% confidence intervals.  
(Source: Beijer and de Blaey, 2002) 
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In a cohort study focusing on older patients aged 65 years and over, the overall rate of 

ADE in the ambulatory care setting in the US was 50.1 per 1000 person-years, of which 

421 (27.6%) were judged preventable (Gurwitz et al., 2003).  Studies focusing on older 

patients largely confirmed these findings with the rate or incidence ranges from 5.3 to 

30.7% (Hallas et al., 1990a, Courtman and Stallings, 1995, Dartnell et al., 1996, 

Cunningham et al., 1997, Gray et al., 1998, Chan et al., 2001, Azad et al., 2002, Page 

and Ruscin, 2006). Clearly, the rate of ADR is higher in older patients as compared to 

other age groups.   

 

1.1.3.2  ADR that occurs during inpatients stay 

On the contrary, less data is available on ADR that occur during in-patient stay.  

However, the ranges are relatively wider in patients experiencing ADR during inpatient-

stay (Davies et al., 2009).  

 

Studies undertaken in the 1960‟s suggested that ADR occurred in 10-20% of hospital in-

patients (Seidl et al., 1965, Hurwitz and Wade, 1969).  A UK study published a decade 

ago suggested that 7% of over 20,000 medical in-patients experienced an ADR during 

their in-patient stay (Smith et al., 1996).  Depending on the study sample and also the 

country in which it was conducted, the incidence of ADR also varied widely, as low as 

0.86% in Australia (Simmons et al., 1998) to 37% in older patients in a Netherland 

based study (van Kraaij et al., 1994).   

 

A recent prospective study conducted in the UK reported that 14.7% (95CI 13.6-15.9) of 

patients experienced one or more ADR during their hospital stay (Davies et al., 2009).  

Over 3,695 patient-episodes were monitored for ADR in twelve wards, in 2005.  

However, this study was not focused exclusively on older patients.  Patients more than 

18 years old admitted to the ward were included in the study.  The median age for 

patients in the non-ADR group was 61 years (IQR 41-77).  Thus, studies focusing on 

older patients are essential to illustrate the problem in this patient group.  
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1.1.3.2.1 Studies on older patients 

A review of recent studies focusing on older patients was conducted to emphasize the 

incidence of ADR that occur during hospital stay in this patient group (Table 1.1).  

Three studies were identified, conducted in various different countries.  The incidence of 

adverse drug events in older patients ranged from 14.6% to 31.9%.  One of these studies 

were focused on patients more than 65 years old, one study included only patients of 70 

years and above, and another one study focused on patients aged over 75 years.  The 

sample size of these four studies ranges from 111 to 389 patients.  It is important to note 

that there is no recent study which focuses on older patients conducted in the UK.        
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Table 1.1: Summary of published studies relating to adverse drug events occurring during in-patients stay  

Study  

(country) 

Setting 

(Study period) 

Methodology Age of patients 

(Number of 

sample) 

Type of 

admission 

Method of 

assessment of 

causality 

Primary 

Outcome 

Incidence rate 

 

Gray et. al., 1998 

(US) 

St.Mary‟s 

Hospital Medical 

Center, Madison, 

Wisconsin 

 

(15 months) 

 

Prospective 

patient 

monitoring and 

using review of 

medical chart, 

and discussion 

with nursing and 

medical staff 

≥70years old  

Mean age= 

78.2 6.2 

 

(N=157) 

General medical 

admissions 

One pharmacist 

assess causality 

 

ADE 23 (14.6%) 

 

-54.2% are 

preventable  

 

Azad et al., 2002 

(Canada) 

500-bed teaching 

hospital  

 

(3 months) 

 

Prospective 

medical chart 

review 

> 65 years old 

Mean age= 75.8   

(range 65-95) 

 

(N=111) 

General medical 

admission 

 

 

Three reviewers 

assess causality 

using  Naranjo 

algorithm  

 

ADE 34 (30.6%)  

 

Page and Ruscin, 

2006  

(US) 

 

 

University 

Teaching hospital  

 

(18 months)  

Retrospective 

medical record 

review   

≥75 years  

Mean age= 79  

  

(N=389)      

2 Internal 

medicine services 

Naranjo 

algorithm  

ADE 

 

14 (31.9%)  
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1.1.4 Burden of ADR  

Besides having a significant impact on patient mortality, ADR also have an important 

impact on morbidity of the patient, with major financial implications on institutions and 

health care systems.  With regard to mortality, in-hospital ADR incidence ranked 

between fourth and sixth as the leading cause of death in US (Lazarou et al., 1998) and as 

the seventh most common cause of death in a recent Swedish study (Wester et al., 2008).  

In 2001, a report entitled „A spoonful of sugar‟ highlighted that deaths resulting from 

medication errors and adverse effects of medicines increased more than five times in a 

period of ten years in the UK (Department of Health, 2001a). More strikingly, 

Pirmohamed and colleagues (2004) identified that over 2% of patients admitted to 

hospital due to an ADR died, suggesting that these events may be responsible for the 

death of 0.15% of all patients admitted over a six month study period.  Extrapolating 

these findings to the total number of acute hospital admissions in England in 2002, which 

was reported to be 3.8 million, implies that ADRs could be responsible for the death of 

5,700 patients admitted to hospital every year.  

 

By using a systematic method to assess the incidence of fatal adverse drug events, 

Ebbesen and colleagues reported the incidence of 18.2% (95% CI 15.4 to 21) and 48.1% 

of death were directly associated with medicines (Buajordet et al., 2001).  This study was 

conducted in Norway and examined data of 732 patients who died during a period of 2-

years, in a department of Internal medicine, the impact of drug related death is clear and 

obvious.   

 

ADR also have an effect on patient morbidity.  On individual patient level, ADR may 

also decrease quality of life by causing worries and emotionally affect the patient‟s belief 

in the use of medication for treatment.  In certain cases, ADR were identified as cause for 

GP visits and also, in severe cases, causing hospitalisation. ADR that occur during 

hospital stay were identified to extend the hospital stay (Davies et al., 2009).  
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For example, the median length of stay for patients experiencing ADR was 12 days 

significantly longer, as compared to patients in a non-ADR group, in a recently published 

study reporting the incidence of ADR during in-patients stay (Davies et al., 2009).  ADR 

also attributed to prescribing new medication to treat the adverse reaction that occurs in 

patients, which increases the drug use in those patients.  Litigation is another burden of 

ADR that is frequently overlooked.  A retrospective analysis of a New England 

malpractice insurance company claim record shows that adverse drug events represented 

6.3% of claims, of which 73% were judged preventable (Rothschild et al., 2002).  Those 

preventable drug events were estimated to cost $50.7 million, which does not include 

additional costs such as plaintiffs‟ legal expenses.  Long term physician-patients 

relationship could also be affected due to lost of trust.  Litigation on the healthcare 

provider can also be professionally and emotionally distressing (Studdert et al., 2000).     

1.1.4.1  Burden on organisations 

The increases in costs due to ADR are also related to the increased length of hospital stay 

and additional medical care provided to the patients.  Earlier reports on cost of ADR 

were based on US studies.  Classen et al. estimated that hospitalisation due to ADR 

increased the cost of patient care by $2,262 per-patient (Classen et al., 1997).  In another 

large case-control study, Bates et al. reported the cost of preventable ADR to be $2.8 

million per annum for a 700-bed hospital (Bates et al., 1997).   

 

The Audit Commission calculated that ADR caused by medicines and medication error 

cost the NHS in England £0.5 billion annually, due to longer hospital stays (Department 

of Health, 2001a).  A similar estimate was reported by Pirmohamed and colleagues, 

confirming that ADR cost £466m (€706m, $847m) annually to the NHS (Pirmohamed et 

al., 1998) and accounting for 4% of the hospital bed capacity.  This projection was based 

on the finding that the median bed stay in patients with ADR was eight days.  

 

This figure is comparable to estimates which were calculated based on the Department of 

Health statistics, where Wiffen et al. calculated ADR were likely to have caused over 

1.5milion extra bed-days, with a cost to the NHS of £380 million in 1994 (Wiffen et al., 

2002).   
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In another recent UK study, Davies et al. crudely estimated the total annual cost to the  

NHS, due to ADR that occur during in-patient stay, to exceed £171 million (Davies et al., 

2009).  However, they agreed that this could be an underestimation because it was only 

based on the number of hospital beds filled with patients with ADR.  Clearly, the 

financial burden of ADR to the NHS is very high.  Preventable ADR should be the 

primary target for implementing strategies which can help reduce the burden of ADR.  

 

1.1.5 Risk of experiencing ADR  

1.1.5.1  Multifactorial issues 

As the burden of ADR is reported to be higher in older patients, several factors have been 

outlined to logically explain the condition.  However, these factors have a complex, 

multidimensional relationship to each other (Figure 1.4). The increased risk of ADR are 

particularly attributed to; poly-pharmacy (including prescribed and non-prescribed 

medication) and physiological changes affecting the pharmacokinetics and 

pharmacodynamics of many drugs, or poor adherence due to cognitive impairment or 

depression (ElDesoky, 2007).  In addition, the presentations of ADR are often atypical 

and non-specific or may be attributed to „frailty‟, or to the onset of a new medical 

problem.  For example: falls, delirium, drowsiness, lethargy, light-headedness, apathy, 

urinary incontinence, chronic dyspepsia, are often accepted as a primary diagnoses rather 

than secondary to medications (Tangiisuran et al., 2009).   
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Figure 1.4: A model describing the complex relationship of factors contributing to ADR 

in older patients   

 

  

 

 

 

 

 

 

 

 

 

 

1.1.5.2  Pharmacokinetic and pharmacodynamic changes 

Although multiple factors play an important role in increasing the risk of ADR, with 

ageing the primary attributes are due to decrease in the physical reserves that effect the 

distribution, metabolism, and excretion of drugs and also in changes in what the body 

does to the drug and in what the drug does to the body (Mannesse and van der Cammen, 

2003).  Changes in renal, liver and lean body mass can contribute to the occurrence of 

ADR even without recent changes in the drug regimen (Mangoni and Jackson, 2003).  

Presence of chronic diseases also contributes by reduction in serum albumin and hepatic 

enzyme activity.   

 

Most pharmacokinetic changes are unavoidable and predictable based on physiological 

and organ changes due to ageing process.  For example, a reduced hepatic drug 

clearance, lower first-pass effect and slower biotransformation for certain drugs can be 

explained by a decline in liver mass, blood flow, and a reduction of in vitro and in vivo 

metabolic capacity in the older person (Zeeh and Platt, 2002). 
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Significant changes in body composition, with age results in a higher percentage of fat 

mass and a lower percentage of body water and muscle mass.  Thus, a reduced dose of 

lipophilic drugs is required, due to the increase in the biological half-life of the lipophilic 

drug.  A lower loading dose of hydrophilic drugs is also essential considering a decrease 

in renal clearance due to reduced functional nephrons, plasma flow and glomerular 

filtration rate (GFR) in older patients.  These effects are particularly important for narrow 

therapeutic drugs (eg gentamicin, digoxin, lithium) or drugs excreted primarily by the 

kidneys which can cause accumulation of active drugs and increased toxic effect in older 

patients. 

 

Pharmacodynamic alteration with ageing mainly happens due to the changes in the target 

organ.  For example, alteration in receptor function, diminished spare capacity of target 

organs or sickness can result in higher sensitivity of the target organ at a given drug 

plasma concentration.  Older people are more sensitive to the effect of certain drugs, 

particularly drugs acting on the central nervous system, such as benzodiazepines, SSRI, 

or anti-psychotic agents which are associated with hypotension and increased risk of 

falls.   

 

1.1.5.3  Polypharmacy and multiple pathology 

Polypharmacy, which is defined as concurrent use of several medicines (Veehof et al., 

1999, Field et al., 2001, Nguyen et al., 2006), is common in the elderly and frequently 

identified as an independent predictor of ADR.  Two studies have shown a positive 

correlation between the use of ≥9 scheduled medication and the risk of ADR (Field et al., 

2001, Nguyen et al., 2006).  These studies were conducted in nursing home residents. A 

recent study by Davies et al (2009) confirmed numbers of medication as the only 

independent predictor of ADR, that occur during hospital stay with a hazard ratio of 1.14 

(95% CI 1.09-1.20) (Davies et al., 2009).  Other studies also found a similar relationship 

(van den Bemt et al., 2000, Onder et al., 2002c, Leendertse et al., 2008, Zopf et al., 

2008).  Figure 1.5 shows a log linear relationship between percentage of patients with 

ADR and number of drugs taken.  Polypharmacy also increases drug interactions, falls, 
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hospital admission, length of hospital stay, hospital readmission, and mortality 

(Campbell et al., 2004, Kennerfalk et al., 2002).  

 

The NSF for Older Person, reported four in five patients over 75 years of age taking at 

least one prescribed medication and 36% taking four or more medicines (Department of 

Health, 2001b).  Polypharmacy, commonly seen in older patients, are associated with 

multiple chronic diseases identified in this patient group.  Publication of robust studies 

confirming the benefit of pharmacological treatment in primary and secondary 

prevention of chronic diseases in older patients also contributes to high use of medicines.  

In addition, changes in prescribing habit which are supported by evidence-based 

medicine, further contribute to this condition.  For example, more patients who are 

greater than 80 years old are being prescribed antihypertensive agents after the 

publication of HYVET study, which provides the evidence of the benefit of 

antihypertensive treatment in this patient age group (Beckett et al., 2008). 

 

Figure 1.5: Theoretical correlation between prevalence of ADR and number of 

medicines   

 

 

 

 

 

 

 

 

 

 

(Source: University of Kansas Medical Centre/Centre on Aging) 

1.1.5.4  The prescribing cascade 

The prescribing cascade is a term used to describe when a new drug is prescribed, to treat 

symptoms arising as a result of an unrecognised adverse event related to existing drug 

therapy (Rochon and Gurwitz, 1997).  This increases the risk of developing additional 
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reactions related to new and potentially inappropriate treatment.  Several examples of 

prescribing cascade are depicted in Table 1.2.   

 

Older people who are already on multiple medications are at increased risk of prescribing 

cascade, since discrimination and identification of drug related symptoms are the most 

challenging.  

 

 In a case control study of 3512 patients more than 65 years old, Avorn and colleagues 

found that patients who had started with antipsychotic medication in the past 3 months 

were 5.4 times (95% CI 4.8 to 6.1) more likely to be prescribed anti-Parkinson‟s 

medication than patients who had not received antipsychotic  agents (Avorn et al., 1995). 

The study clearly showed that the unwanted extrapyramidal effects, such as Parkinsonian 

symptoms, experienced by patients were probably caused by the blocking of dopamine 

receptors in the nigrostriatatal pathway, due to the initiation of antipsychotic agents.  

Besides that, patients are also at risk of experiencing new symptoms such as delirium and 

orthostatic hypotension which could lead to additional use of other drugs in the treatment 

list.  

 

 

Table 1.2: Example of prescribing cascade  

 
Initial treatment Adverse effect Subsequent 

treatment 

Subsequent 

adverse effect 

Non steroidal anti-

inflammatory 

drugs 

Rise in blood 

pressure 

Antihypertensive 

treatment 

Orthostatic 

hypotension 

Thiazide diuretics Hyperuricaemia Treatment for gout Hypersensitivity 

reaction (Skin 

rashes) 

Metoclopramide 

treatment 

Parkinsonian 

symptoms 

Treatment with 

levodopa 

Visual and 

auditory 

hallucination  

(Source: Adapted from Rochon and Gurwitz, 1997) 
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1.1.5.5  Drug interactions 

Drug–drug interaction may increase the risk of an ADR with concurrent use of multiple 

medications, which are commonly used in older patients (Juurlink et al., 2003, Juurlink et 

al., 2004, Holbrook et al., 2005).  An example would be concurrent use of warfarin, 

NSAIDs, SSRIs, omeprazole, lipid lowering agents, amiodarone, and fluorouracil, which 

may increase the risk of bleeding (Holbrook et al., 2005).  The association between drug 

interaction and ADR were briefly mentioned in a recent study. Davies et al. (2009) 

reported 59% of the total ADR identified in their study were linked with drug interaction, 

of which, 91.7% were classified as pharmacodynamic interactions and 5.3% 

pharmacokinetic in origin and the remaining 3% due to mixed mechanism.  

 

A case control study was conducted in Canada focusing on hospitalisation due to drug-

related toxicity in one of the three commonly used medications in older patients 

(Angiotensin-converting enzyme inhibitors (ACEI), digoxin, and glibenclamide) 

(Juurlink et al., 2003).  They found that hyperkalemia was 20 times more likely in 

patients treated with a potassium sparing diuretic, digoxin toxicity was 12 times more 

likely in patients who had been commenced on clarithromycin, whereas patients who had 

received co-trimoxazole, were six times more likely to be hospitalised for 

hypoglycaemia.   

 

1.1.5.6  Other contributing factors 

Inappropriate prescribing is reported to be relatively common especially in older patients 

(Hamilton et al., 2009).  Hajjar and colleagues showed that 44% of frail elderly patients 

were prescribed at least one unnecessary drug (Hajjar et al., 2005).   In 1992, a UK based 

study found that nearly 50% of ADR were due to inappropriate prescribing, either due to 

drugs that were contraindicated or were unnecessary (Lindley et al., 1992).  However, 

Laroche et al. found inappropriate medication use as not the major cause of ADR in the 

elderly (Laroche et al., 2007).   
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Certain classes of medications commonly prescribed for older patients are associated 

with higher incidence of ADR.  For example, cardiovascular agents (i.e. beta blockers, 

ACEI, calcium channel antagonists, antiarrhythmics) are drugs with high utilisation 

among older patients were also found to cause severe adverse drug events, 2.4 times 

greater than when compared to other medications (Bates et al., 1995b).  Schneider et al 

(1992) ascertained that patients taking drugs that require close monitoring, especially 

digoxin and tricyclic antidepressants, are an independent predictor of ADR (Schneider et 

al., 1992).  This was reconfirmed in another study, where digoxin and tricyclic 

antidepressant was shown to be a significant risk factor for occurrence of adverse drug 

events, with an odds ratio of 1.99 and 5.79, respectively (McElnay et al., 1997).  

 

Certain medical conditions which are prevalent in older patients such as malnutrition 

(Bowman et al., 1996, Vakil et al., 1975) and anaemia (Gonzalez-Martin et al., 1999, 

Zopf et al., 2008) are also reported to be contributing factors.   

 

Older people are treated by doctors from different specialties due to multiple diseases.  

An expert consensus panel listed multiple prescribers as a potential risk factor for ADE 

in older patients (Hajjar et al., 2003).  Green et al. further confirmed that the number of 

prescribing physicians as independent risk factors for patients self-reporting an ADE in 

an outpatients‟ setting (Green et al., 2007).  

 

Although the risk of having an adverse drug event has  been shown to increase in older 

patients with greater cognitive impairment (OR 0.94; 95% CI 0.90-0.97) (Ganjavi et al., 

2007), there are studies which contradict this relationship, where cognitive impairment 

was associated with a reduced risk of ADR (Onder et al., 2002a).  However, the intricacy 

of identifying ADR in older people due to the complexity of the patient‟s condition 

contributed to this result.  For example, an older person with cognitive impairment is 

unable to communicate their problem to the treating physician.  Lack of thorough 

assessment by physicians can cause them to overlook the medicine related symptoms and 

fail to identify ADR (Hallas et al., 1991, Mannesse et al., 2000, Onder et al., 2002a, 

Davies et al., 2007). 
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1.1.6 Drug classes causing ADR 

A review of previous articles on drug classes associated with ADR revealed several 

interesting trends.  Certain drug classes appeared to be recurrently associated with ADR.  

The trend also related to the frequent use of a specific drug class in particular patient 

groups.  A systematic review showed that 60 to 70% of all ADR causing hospital 

admission, or that occurred during hospital stay, are caused by six classes of drugs: 

antibiotics, anticoagulants, cardiac glycosides, diuretics, hypoglycaemic agents and 

NSAIDs (Wiffen et al., 2002).  

 

Another recent systematic review focused on 13 papers and confirmed that more than 

50% of preventable drug-related admissions are caused by four drug groups: 

antiplatelets, diuretics, NSAIDs, and anticoagulants (Howard et al., 2007).  

 

Davies and colleagues summarised that the same drug types (antibiotics, diuretics, 

cardiac glycosides, and hypoglycaemic agents) have been linked to ADR since 1960 in 

hospitalised patient studies with no noticeable changes, except in special patient groups 

(Davies et al., 2007).  Diuretics were prevalent in elderly patients whereas NSAIDs and 

opiates were commonly identified in surgical patient studies.  Clearly, necessary action 

should be taken as similar drug classes are producing pharmacologically predictable 

ADR over decades.  Table 1.3 summarised the main drug classes which are commonly 

associated with ADR.  

  

Table 1.3: List of drug classes commonly caused ADR  

 Antibiotics 

 Anticoagulants 

 Cardiac glycosides 

 Diuretics 

 Hypoglycaemic agents 

 NSAIDs 

 Antiplatelets 
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1.1.7 ADR and specialised clinical setting 

Review papers published have confirmed that most ADR studies were conducted in 

general medical units, which made direct comparison difficult (Wiffen et al., 2002, 

Davies et al., 2007).  Factors such as the number of drugs prescribed and diagnosis of 

patients might be contributing causes, rather than the clinical setting into which the 

patients were admitted.  For example, studies focusing on ADE have shown that ADE 

rates in the medical intensive care unit (ICU) were double that compared with the 

surgical ICU (Bates et al., 1995b).  Studies relating to ADR causing hospital admission 

have also been conducted in different clinical settings such as; oncology, emergency 

departments, ICUs, psychiatrics, surgical units, general medical units and geriatric units 

(Wiffen et al., 2002).  To date there is no reported study comparing the different units 

mentioned above.   

1.2 Preventing ADR 

 

As significant proportions of ADR are considered preventable or avoidable, the logical 

approach in improving patient care and reducing the occurrence of ADR is to focus on 

this element.  The strategies in preventing ADR can be divided into two main 

approaches; by focusing on the process of care and also by highlighting patients at risk, 

so that appropriate intervention can be tailored to prevent the occurrence of ADR. 

However, due to the complex nature of the healthcare environment and patient‟s clinical 

characteristics, a combination of both these strategies could provide a better result and 

can be seen as more reasonable approach.  Figure 1.6 illustrates the two approaches in a 

graphical view.        

 

The first approach which focuses on process of care assumes that the occurrences of 

adverse drug events are preceded by the occurrence of errors.  Hence, any actions that 

can be implemented to avoid error could directly prevent unwanted events.  This concept 

is based on the Reason‟s Swiss cheese model of system failures, which describes the 

important role of system defences (Reason, 2000).  This model also illustrates the way 

these barriers, which are represented by aligned slices of Swiss cheese, can be breached 

by an error.  
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 For example, prescribing a drug to patients who already have a previous history of 

allergy to that particular drug could be identified and prevented before being 

administered to patients.  However, in some cases, when the „holes in the Swiss cheese‟ 

align, the patient might be administered with the drug, which may result in ADR.  

Several preventative strategies focusing on process of care, such as utilisation of a 

computerised system, pharmacy intervention, spontaneous reporting and documentation, 

or improving communication, have been found to be beneficial in preventing adverse 

drug events.  

 

In the second approach, individual characteristics are utilised to predict and highlight 

their risk.  In such cases, implementation of individualised intervention could prevent the 

occurrence of ADR.  A risk stratification model to identify patients at risk for ADR is an 

example in this approach.  

 

Figure 1.6: A model to describe the types of ADR prevention categories 

 

 

 

 

 

 

 

 

1.2.1 Process of care 

As mentioned earlier preventing ADR using a process of care approach uses 

characteristics that differentiate preventable ADR with non-preventable ADR.  An ADR 

is considered preventable if it involves inappropriate prescribing including, misuse, 

overuse, or underuse of medications, inappropriate dosing, allergy reporting and 

monitoring (Pham and Dickman, 2007).  Thus, strategies that target appropriate 

medication use at any stage of the drug use process can be exploited to reduce ADR 

occurrences.  For example, built-in computer programmes with electronic prescribing 

databases, greater pharmacist involvement in patient care, and spontaneous reporting 
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systems can improve communication and interaction between healthcare professionals 

and or patients which might help to highlight inappropriate prescribing and minimise the 

occurrence of ADR.   

1.2.1.1  Utilising computer systems 

One of the methods being widely used in the US, and being proposed for adoption by the 

UK, is the implementation of computerised or quality information technology (IT) 

systems in healthcare.  Computerised systems can be introduced into different stages of 

the drug use process in order to reduce the probability of medication error, which could 

lead to the occurrence of ADR.  In a study focusing on underlying causes of error leading 

to the occurrence of adverse drug events, Leape and colleagues (1995) identified 

inadequate availability of patient information at the time of prescribing as accounting for 

18% of error reported. 

 

Hence, electronic patient information systems can help to prevent such an error from 

occurring.  In addition, IT can also be used to improve communication, making 

information accessible, prompting for information, helping with calculation, checking 

and monitoring decision support. 

 

Computerised Physician Order Entry (CPOE) with Clinical Decision Support System 

(CDSS) are two types of intervention that have shown benefits beyond medication safety, 

although it has its own limitations (Rommers et al., 2007). CPOE is a computerised 

system where the prescriber will perform medication order online, using computer 

programmes.  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 checks, drug interactions and also advice on drug dose and routes.  A review 

of five studies conducted by Kaushal and colleagues highlighted the potential of these 

systems to reduce medication error (Kaushal et al., 2003).  For example, implementation 

of CPOE showed a significant decline in preventable and non-intercepted potential 

adverse drug events from 10.7 event per 1000 patients days to 4.68 events (Bates et al., 

1998). Notably, the number of transcription errors fell by 84% in this study.  There are 

studies that have shown the benefits of a computer–based monitoring system with an 
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alert in detecting adverse drug events (Rommers et al., 2007). However, there was not 

enough evidence available to show these interventions could reduce the occurrence of 

ADR (Kaushal et al., 2003).   

 

1.2.1.2  Pharmacy intervention 

Proactive intervention such as pharmacy-led intervention may also help in preventing 

ADR, due to their expertise and knowledge of pharmacology and the side effects of 

medications.  Pharmacists participating in ward rounds, medication reconciliation or 

pharmacy-led medication reviews, and community pharmacist intervention, are examples 

of strategies that can be engaged to prevent the occurrence of ADR.   

 

Including a pharmacist on ward round teams in hospital general medicine units has 

proved to reduce the rate of preventable ADE by 78%, from 26.5 per 1000 hospital days 

to 5.7 per 1000 hospital days (Kucukarslan et al., 2003).  Almost all (98%) of the 

intervention by the pharmacists, mainly dose-related changes and recommendations to 

add a drug to therapy, were accepted by the teams.   

 

In a meta-analysis of 32 studies to ascertain the effects of pharmacist-led medication 

reviews conducted in older patients, Holland et al (2008) concluded that pharmacist 

intervention increased the knowledge and adherence of patients.  However, no evidence 

of beneficial effects on hospital admission and deaths was noticed, partly due to the 

suboptimal design of many studies.  

 

A randomised controlled study focusing on patients more than 80 years old has revealed 

that pharmacist intervention can lead to major reduction in morbidity and costs of care 

(Gillespie et al., 2009).  This study was conducted in Sweden. Four hundred patients 

were randomised into control (n=201) and interventions (n=199) groups.  The control 

group received standard care without direct involvement from the pharmacist on the 

ward, whereas, ward-based pharmacists were involved in performing the interventions on 

the other group. Patients were monitored over 12-month follow-up period. There was 

80% reduction in drug-related readmission, 47% reduction in visits to emergency 
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departments and a 16% reduction in all visits to hospital.  However, the time spent 

(average 2 hour and 20 minutes) by pharmacists on each patient might limit the 

opportunity in implementing this service in a real hospital setting.  Perhaps, a pharmacist 

focusing on high risk patient group only could be a more practical option to tackle this 

problem.    

1.2.1.3  Spontaneous reporting and documentation 

National pharmacovigilance systems, for example the Yellow Card System in the UK, 

are currently the main mechanisms for monitoring ADR.  This can also be used to 

identify drug or population factors associated with ADR.  The scheme has evolved since 

1964 to include electronic reporting and recently included direct reporting by the general 

public.  Underreporting has been identified as the main limitation, despite a gradual 

increase in reporting noticed in recent years.  Several drugs have been withdrawn using 

this approach, which helped in reducing the rate of ADR due to specific drugs. 

 

Poor documentation on patients with a history of ADR can lead to re-exposure of the 

offending drug causing the patient to experience the same ADR again.  Previous 

occurrence of ADR has been shown as an important risk factor for developing ADR.  

Thus, simple intervention, such as emphasising the importance of accurate 

documentation of ADR at the time of reaction, and providing relevant information to the 

patient about ADR, can help to prevent further occurrence (Tangiisuran et al., 2009). 

1.2.1.4  Communication and other intervention  

Improving communication between the healthcare provider and patients has shown a 

moderate impact in reducing ADE.  For example, a significant reduction in serious ADE 

was observed in frail and elderly patients randomised to receive a comprehensive 

geriatric assessment, as compared to the usual care (Schmader et al., 2004).  

Communicating the benefits and risks of medications to patients could promote shared 

decision making about pharmaceutical need.  Patient‟s awareness of the existence of 

ADR can help in its prevention.  A study from the Netherlands consisting of 106 patients 

has shown that older patients (mean age of 78 years) are often correct in recognising side 

effects of medications (Mannesse et al., 2000).  Thirty nine percent of the total 93 

patients were able to correctly identify that they were experiencing side effects of 
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medication. The subjective complaints from the patients were related to the objective 

presence of adverse drug reactions according to Kramer‟s algorithm to confirm the 

relationship between the complaints and medications. However, older patients were not 

good in recognising severe ADR cases which were defined as potentially life threatening 

reactions and or directly responsible for hospital admission. Of the 21 severe adverse 

reactions recorded, only 7 (33%) were recognised by older patients.   

          

The introduction of new drugs, together with the large amounts of drugs available in the 

market, can increase the complexity in prescribing, especially in older patients 

(Spinewine, 2008).  Continuous, up to date information on new and high risk 

medications, including information on comparative benefits, risks, and contraindication, 

using computerised systems can reduce the risk of ADR. Continuous education for 

healthcare professionals can help in preventing ADR by preventing the prescription of 

inappropriate medication to older patients.           

   

Research and development within academia and the pharmaceutical industry, can also 

contribute to the reduction of ADR by the design and development of newer generation 

drugs with lower risk of ADR.  For example, COX-2 inhibitor drugs were designed to 

lower the gastrointestinal side effect which is common in traditional anti-inflammatory 

drugs such as aspirin and ibuprofen. However, these drugs have since proven to have 

adverse cardiovascular effects necessitating withdrawal of many of this class (Andersohn 

et al., 2006).  

 

Another approach would be to explore options for non-pharmacological treatment to 

avoid ADR (Pham and Dickman, 2007).  A recent study showed that the Mediterranean 

diet lowered the need for antihyperglycemic medication in  newly diagnosed type-2 

diabetes, in a four year randomised trial involving 215 adults (Esposito et al., 2009).  

Cognitive behaviour therapy and relaxation techniques were also found to be effective in 

controlling anxiety,  which can reduce the use of anxiolytics (Ayers et al., 2007).   
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Regardless of various distinct methods available that target the system, a multifaceted 

approach involving more than one intervention, which incorporates variation in each 

individual patient, is essential in preventing ADR.    

 

1.2.2  Highlighting patient at risk 

As compared to focusing on process of care, highlighting patients at risk of ADR can 

help in preventing ADR.  Identifying individuals at high risk of developing ADR using 

several risk factors, including genetic predisposition and other clinical factors, to target 

individualised intervention are central in this approach.  

 

Recent advances in pharmacogenetics, especially the identification of mutation and 

polymorphisms in the genes that code for drug-metabolising enzymes, drug transporters, 

and drug receptors, explicate the reasons behind the individual‟s increased risk of getting 

ADR or the increased predictability of drug response (Meyer, 2000).  For example, 

genetic variants in the Thiopurine Methyltransferase (TPMT) gene have been linked to 

azathioprine-induced severe myelosuppression (Ross et al., 2007).  Individuals with 

homozygosity for low activity TPMT variants (e.g. TPMT*3A) result in reduced 

inactivation of azathioprine, causing excessive accumulation of thioguanine nucleotides 

in hematopoietic tissues leading to severe or fatal myelosuppression (Ross et al., 2007).  

Variation in human genome can be considered as indicators for ADR, although high cost 

and lack of laboratory facilities to perform genotyping restrict their usage in daily clinical 

practice.   

 

Another approach is to develop a tool or risk score to alert medical teams to patients who 

are at risk of developing ADR.  Notably, simple, cheap and quick risk stratification using 

available specific patient and clinical characteristics are more practicable.  Such attempts 

have been the subject of research and will be discussed further in the following sections.    
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1.2.2.1  Predicting ADR  

Preventing an event using a risk stratification approach has been successful in several 

areas.  It is also referred to as the clinical prediction model, clinical prediction rules, 

prognostic models or nomogram (Steyerberg, 2009).  Risk assessment tool is another 

term which can be used interchangeably.  In this approach, information (e.g. related to 

patients, disease or treatment) is drawn prospectively to stratify patients by predicting 

their risk of developing an event (Wasson et al., 1985).  One of the early prediction 

models developed successfully in the field of medicine was used to identify risk of 

cardiac events in patients undergoing non-cardiac surgery (Goldman et al., 1977).  

 

 Notably, there are also models available for predicting adverse events in patients 

receiving specific drugs, for example,  Landefeld and colleagues developed an index for 

predicting bleeding in patients receiving anticoagulant therapy (Landefeld et al., 1990) 

(Landefeld et al., 1989).     

 

The fundamental concept in developing a prediction model is the utilisation of predictors 

or risk factors in providing estimates of individual probabilities of risk and benefits.  In 

the case of ADR, several risk factors have been identified by previous studies.  Hence, 

development of a model to predict ADR based on these risk factors can be an attractive 

solution to overcome this problem.   

 

Several models have been developed with varying outcomes, methodologies and 

complexity (Elnicki and Schmitt, 1980, McElnay et al., 1997, Rask et al., 2005, Johnston 

et al., 2006, Passarelli, 2007, Zopf et al., 2008, Onder et al., 2010).  The definition of the 

primary outcome utilised in these studies varies considerably.  One study were focused 

on broader definition of adverse events (Elnicki and Schmitt, 1980), three on ADE 

(McElnay et al., 1997, Rask et al., 2005, Johnston et al., 2006) and remaining three 

focused on ADR (Passarelli, 2007, Zopf et al., 2008, Onder et al., 2010).  Most of the 

tools developed were based on older people aged over 60 years.  None of these studies 

focused on patients aged 80 years or older.  Two of the studies were conducted in the 
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USA (Rask et al., 2005, Johnston et al., 2006), followed by one study conducted in the 

UK (McElnay JC, 1997), Italy (Onder et al., 2010), Germany (Zopf et al., 2008), and 

Brazil (Passarelli, 2007).    

 

An early attempt to develop an ADE predictive model occurred in 1980. Elnicki and 

Schmitt summarised that each event identified could have been represented by several 

contributing factors. Hence, patients‟ characteristics and hospital environment factors 

alone could not predict the occurrence of adverse drug events in their study. However, 

the main limitation of the study was insufficient information available to researchers to 

enable a comprehensive data analysis (Elnicki and Schmitt, 1980).  

 

Approximately a decade later, Bates and colleagues performed a nest–control study 

within a cohort of 4108 admissions (mean age of 52 years) to identify variables 

predictive of ADE. Only two variables of predictive ADE were identified: patients 

admitted to ICU and those with longer length of stay.  Bates and colleagues concluded 

that preventative strategy based on patient risk stratification is less effective and 

recommended system based approach as an alternative.  

 

Another study was conducted in Northern Ireland to construct a predictive model for 

ADE focusing exclusively on older patients (age more than 65 years) (McElnay et al., 

1997).  The study sample encompassed 929 patients and a further 204 patients formed a 

validation group.  Logistic regression analysis identified seven variables which were then 

used to construct the risk model.  Validation of the model revealed sensitivity of 41% 

and specificity of 69%, with overall accuracy of 63%.  The author concluded that the 

model produced was not satisfactory but recommended the variables identified be treated 

as important risk factors in older patients.  

 

Recently, Johnston et al. (Johnston et al., 2006), attempted to isolate specific patients and 

clinical characteristics related to increased risk of experiencing adverse events (including 

ADR and medication error), using a large study sample (Johnston et al., 2006).  The 

study population (60,206) was randomly split into training and validation dataset groups. 

They found that certain age groups, diagnoses, admission sources, types of insurance and 
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the use of specific medication and medication classes were associated with increased risk 

of adverse events.  The retrospective nature of the study, which relied totally on 

voluntary reported AE, might limit the validity of the finding despite the availability of a 

huge database.  

 

Contrary to the previous study, Passarelli et al. developed another instrument consisting 

of three variables to predict ADR in patients more than 60 years old using a very small 

dataset (Passarelli, 2007).  Only 186 patients were recruited of which 61.8% experienced 

an ADR.  The variables identified were; number of drugs, number of diagnosis and the 

use of inappropriate medication, using Beer criteria.  Neither internal nor external 

validation of the model was conducted, which limits the applicability of the model.     

 

A recent study published conducted in Germany aimed to characterise risk factors 

associated with ADR (Zopf et al., 2008). Zopf and colleagues established five variables 

as independent predictors of ADR; Increased temperature, low thrombocyte levels, low 

erythrocyte levels, multiple drug use and female sex, were identified as independent 

predictors of ADR.  These risk factors were developed based on data from 907 patients 

with mean age of 60 years old.  Attempts were also taken to assess the ability of the 

model to predict ADR, which revealed AUROC curve of 0.80.  At the maximum cut-off 

point the model reached sensitivity of 0.64 and specificity of 0.86.  

 

Acknowledging the limitations identified in previous studies, a risk score to predict the 

occurrence of ADR in elderly hospitalised patients was developed based on literature 

review and secondary analysis of data from Gruppo Italiano di Farmacoepidemiologia 

nell‟Anziano (GIFA)(Onder et al., 2010).  GIFA is a study specifically designed to 

collect data about ADR among in-hospital patients and also ADR causing hospital 

admission in Italy (Onder et al., 2002c, Onder et al., 2005).  A model of 6 variables was 

developed based on 5997 patients (mean age 78 years) and later validated in four 

Academic centres; UK, Belgium, Italy and The Netherlands.  Area under ROC 

(AUROC) curve, is a statistical method used to assess the ability of the risk score to 

predict ADR, was 0.69 (95% CI 0.62-0.77).  Of the 483 patients with a mean age of 80 

years entered into the validation study, 11.6% experienced ADR during inpatient stay.  
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However, the authors commented that the tool might not be applicable in other settings 

and countries.  The GIFA dataset was collected between 1993 till 1997 in Italy, which 

might highlight the deviation of clinical practice and prescribing behaviour in other 

countries especially in the UK.    

 

1.3 Conclusion 

Considering the relatively high incidence of ADR that causes hospital admissions and 

also that occur during hospital stay, several preventative strategies have been outlined in 

order to reduce it.  However, a correct identification of ADR, especially preventable 

ADR is important.  This challenge needs to be given priority by addressing the 

methodological limitations and also geographical differences that can contribute to the 

patient‟s variability in the outcome measures.  

The focus on identifying patients at risk of ADR has progressed from patients‟ 

characteristics, to specific drug use, other co-morbid conditions and now to specific 

genetic related susceptibly in acquiring ADR.  

 

There is no perfect method that can be adopted, but the utilisation of one intervention that 

targets a single stage of the drug use process should be abandoned.  A multifaceted 

approach might be an attractive prospect.  However, a simple, cost-effective and practical 

method is necessary.  The ability of the multiple healthcare professionals in identifying 

ADR and classifying them according to the preventability is also important, as only 

preventable ADR can be avoided.      

 

The current thesis was intended to focus on designing a simple method to prevent the 

occurrence of ADR.  The primary hypothesis of this research programme was that ADR 

occurring in elderly patients could be prevented by identifying and stratifying patients, 

based on important risk factors.  Such stratification could be helpful in monitoring 

patients.  

 

To achieve this aim, the first step was to evaluate the burden of ADR occurring in 

hospitalised inpatients followed by the development and evaluation of appropriate 
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interventions using a relevant process tool and outcome measures.  The aim of this study 

was achieved through the following objectives: 

 

1. To assess the frequency, causality, severity and preventability of ADR occurring 

in older patients during hospital stay  

2. To determine the main drugs involved in the ADR 

3. To determine the main effects experienced by patients 

4. To identify risk indicators associated with this ADR in the elderly.  

5. To develop a risk predictive model to identify patients at high risk of ADR and 

validate the tool in the same population.  

 

In order to achieve this, the burden of ADR in older patients admitted to hospital was 

evaluated to provide baseline parameters for further in-depth study.  The disparities that 

occur among healthcare professionals in identifying ADR were also evaluated.  In 

addition, cases were analysed to evaluate the extent to which an ADR case can be 

classified as preventable using information readily available.  
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CHAPTER 2 OVERVIEW AND METHODS  

 

2.1 Introduction 

The main purpose of this chapter is to provide an overview of the methodologies used 

while conducting this programme of research.  This chapter will begin by summarising 

the objectives of the research and will be followed by an overview of the methodology 

used in each part of the study and a summary for each sub study.  A detailed description 

of all methods will be provided in the relevant chapters (3, 4, 5, 6).  

2.2 Study design 

The study was conducted in four distinct phases requiring the use of a range of different 

methods as outlined in Figure 2.1.  Part one was an observational study determining the 

incidence of ADR during in-patient stay in older patients.  It also includes assessment of 

the types of ADR, the major drug classes involved and the risk factors contributing to 

ADR occurrence. The second part involved measurement of the inter-observer reliability 

between four reviewers. The third part was concerned with the evaluation of the 

preventability of selected cases; and the fourth and final focused on the development and 

validation of an ADR prediction tool to identify patients who may be at high risk of 

experiencing an adverse drug reaction.  
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Figure 2.1:  Study Design outlining the different part of the thesis content   

 

2.2.1 Observational study to assess the incidence of ADR   

The first part of this research involved (1) the assessment of the incidence of ADR in 

older in-patients (2) the identification of risk factors for ADR occurrences. The full detail 

of the methods used in this part is provided in this chapter while a brief summary is 

included in chapter 3 in order to assist the reader when evaluating the results.  

 

2.2.1.1  Design 

This was a prospective observational study to describe the occurrence of ADR within an 

in-patient, elderly care population. The study was conducted over two phases between 

January 1, and 30 March, 2007 and repeated over the same time period in 2008.  
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2.2.1.2  Setting 

The study took place in the City of Brighton and Hove at the Royal Sussex County 

Hospital (RSCH); (bed capacity of 503), one of 5 hospitals with the Brighton and Sussex 

University Hospitals NHS Trust (BSUHT). This trust serves a catchment of 500,000 and 

offers a range of specialist services as well as being the main admitting hospital.  

 

BSUHT is the regional teaching trust involving two principle sites: the Princess Royal 

Hospital (Haywards Heath) and the RSCH. The RSCH serves as the emergency hospital 

in addition to providing acute services for the local population. BSUHT currently has 

approximately 850 beds and offers a full range of hospital services for local communities 

in Brighton and Hove City and Mid Sussex, and specialist and tertiary services including 

neurosciences, cardiac surgery, cancer, renal and HIV services for patients in Sussex and 

the South East.  

 

Patients for this study were recruited from the Care of the Elderly (Bristol and Vallance) 

wards & stroke unit (Solomon and Donald Hall wards) at the RSCH, Brighton. 

 

The city of Brighton and Hove has an elderly population (age 60 and over) of 

approximately 50,000 (representing 20.6% of the city‟s population). BSUHT was 

selected as the main site for this research primarily due to logistical reasons and the 

decision to focus on Care of the Elderly and stroke patients was made based on an 

analysis of all in-patient admission data (November 2006) obtained from the hospital‟s 

coding department which showed that the number of elderly patients, especially the very 

elderly, represented more than 40% of all admissions to the RSCH during this month.   

 

The study protocol was assessed and approved by the Research & Development 

department at Brighton and Sussex University Hospitals (BSUHT) NHS Trust. 

2.2.1.3  Design and piloting of data collection form 

A standardised data collection form was used in order to retrieve relevant information 

from the medical records (Appendix 1), designed by the researcher, based on information 

acquired from published literature (Lindley et al., 1992). 
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The validity of the data collection tool was assessed in two ways. Firstly, the content 

validity was tested by a group of different researchers and clinicians who were involved 

in studies relating to patient safety locally and internationally. The content of the data 

collection form was examined by the expert panel consisted by following individuals: 

 

i. Professor of Geriatric Medicine (Erasmus University Medical Centre, The 

Netherlands) 

ii. Professor of Clinical Pharmacy & Therapeutics (King‟s College of London) 

iii. Professor in Geriatric and Stroke Medicine (University of Sussex) 

iv. Consultant geriatricians and Stroke medicine (BSUHT) 

v. Principal Pharmacist (BSUHT)  

 

The purpose of this process was to ensure relevant measures and information was 

included which would be used in the analysis. The information included  variables or risk 

factors for the occurrence of ADR in elderly patients, patients clinical characteristics, and 

other information identified as confounding factors that will be discussed in detailed later 

in this chapter.  

 

Secondly, the form was later piloted on 20 patients from the stroke unit and care of the 

elderly wards before further changes to the layout and content were made to produce the 

final version. Changes to the layout were undertaken by the researcher based on practical 

experience of data collection in the clinical setting.   
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The content changes included: the addition of information such as the list of co-morbid 

conditions and types of biochemical indices. For example data relating to the occurrence 

of falls, eye diseases and liver impairment were added whilst a number of uncommon 

medical condition, not relevant to an elderly population, were excluded.  

 

Table 2.1: List of information included in standardized data collection form 

Socio-demographic characteristics 

Indicators of physical function & cognitive status on admission 

Clinical diagnoses at admission 

Co-morbidities 

Medication taken prior to admission and during hospital stay 

Laboratory and biochemistry values on admission   

 

 

Some of the important data collected for all patients included: basic demographic data 

such as (age, gender, and ethnic origin), admission diagnosis, details of the presenting 

complaint, time of onset of symptoms, types of admission and length of stay (see Table 

2.1). In addition, information on social settings such as marital status, home environment, 

and occupation before retirement, family support, smoking and alcohol history were also 

recorded. A list of co-morbidities and details from previous hospital admissions within 

the last month, were also noted. Clinical information on the day of admission such as 

physical functional status (Barthel Score), Glasgow coma score and cognitive function 

assessed by the abbreviated mental test score (AMTS) were obtained from the medical 

records.  

 

Every detail from the data collection form was obtained from review of the medical notes 

and also through discussion with nursing staff, pharmacists and the medical team 

attending the patient. Data was also extracted from the standardised proforma routinely 

used in all care of the elderly and stroke patients on admission to this hospital. All 

patients‟ information was collected within 48 hours of admission to the study ward.    

 

 



 

39 

 

The description of data collected can be divided into the following main categories. 

i. Assessment of cognition 

ii. Assessment of physical disability 

iii. Co-morbidities 

iv. Biochemical markers 

v. Drug history 

2.2.1.3.1 Assessment of cognition 

Cognition function has been shown as a risk factor for the occurrence of ADR in older 

patients (Gray et al., 1998, Davies et al., 2007). Mini mental state examination (MMSE) 

and The Abbreviated Mental Test Score (AMTS) are two cognitive assessment tools 

which are widely used in the UK.  Gray and colleagues used the 30-point MMSE as a 

cognition screening tool in their study to show the relationship between cognitive 

impairment and ADE occurrences (Gray et al., 1998). MMSE was initially developed as 

a screening tool to distinguish „organic‟ from „non-organic cognitive disorder, but 

recently, it has been used as a screening tool for monitoring the progression of dementia 

and delirium (Woodford and George, 2007).  However MMSE is not routinely 

undertaken in all patients in the hospital during admission due to the excessive time 

taken to perform the test. Conversely, AMTS is the most widely used screening 

instrument for detection of cognitive impairment in the elderly because it takes less time 

to administer and is more practical to apply during busy ward round.  It measures 

cognition functioning on a scale of 0 (poor) to 10 (excellent), with scores less than 8 

indicating cognitive impairment (Hodkinson, 1972). The AMTS is recommended as part 

of the comprehensive assessment of every elderly patient admitted to the RSCH. AMTS 

was used as the cognition assessment to screen patients at the time of hospital admission.  

However, as not all patients can be screened on admission, for example when patients 

who are very confused, aggressive, or with other communication difficulties, the AMTS 

value was recorded as missing on the data collection form.  
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2.2.1.3.2 Assessment of physical disability 

The Barthel Index (BI) is a 20-item scale developed as a measurement to assess disability 

in patients (Collin et al., 1988).  The BI has become a widely adopted clinical measure of 

disability (Sainsbury et al., 2005).  The reliability of BI when used in older people was 

reviewed recently by a group of researchers in the UK (Sainsbury et al., 2005).  They 

concluded that the evidence on reliability of BI use in an older person is scarce and they 

also found that BI use in cognitively impaired patients might be less reliable.  BI 

measurement was used in the current study.  Both BI and AMTS have been routinely 

assessed on each elderly patient admitted to RSCH based on the recommendations by the 

Royal College of Physicians as part of assessment of older people (Anon, 1992).  

2.2.1.3.3 Co-morbidities 

Clearly, when studying an aging population, it is important to document the range of 

chronic diseases which the patient suffers from as they could influence both the nature of 

the medicines prescribed as well as the pharmacokinetic and pharmacodynamic 

properties of individual agents. Common diseases in the elderly impact on cognitive and 

physical ability to use medicines; this could place the patient at increased risk of 

experiencing an ADR.  A recent study identified several co-morbid conditions such as 

congestive cardiac failure, diabetes, peripheral vascular, chronic pulmonary, hepatic, 

renal, rheumatological and malignant diseases, as  strong predictor factors for ADR 

(Zhang et al., 2009) . Several other co-morbid conditions which are commonly identified 

in older patients such as stroke and chest infection were included on the data collection 

form.      

2.2.1.3.4 Biochemical parameters  

Several studies have reported the importance of biochemical markers in relation to the 

occurrence of ADR (McElnay et al., 1997, Zopf et al., 2008).  Haematology and 

biochemistry values from blood taken on admission as part of routine clinical 

investigations were noted. The lists of tests recorded are listed below:  
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i. Liver (alkaline phosphates, alanine transaminase) 

ii. Kidney (Urea, serum creatinine, eGFR) 

iii. Full blood count (white cell count, haematocrit, haemoglobin, and mean cell 

volume) 

iv. Parameters describing nutritional status (albumin, protein, triglyceride, glucose) 

v. Inflammation markers (C-reactive protein) 

vi. Electrolytes (calcium, potassium, sodium) 

vii. Coagulation (prothrombin time, international normalised ratio (INR) 

 

2.2.1.3.5 Drug history 

The total number and list of regular medications taken by patients for the two weeks 

before admission and the total and nature of medication changes throughout the 

admission were recorded.  Information regarding the regular medications on admission 

was confirmed by a clinical pharmacist, either in the medical and surgical assessment 

unit (MASU) or on the appropriate wards through interview with patients, relatives and 

carers, in addition to obtaining information from the patient‟s General Practitioner (GPs).  

 

The list of medications were categorised according to the BNF classification (2007).  The 

drugs were grouped together into 10 main drug classes: anticoagulants, cardiovascular 

agents, diuretics, analgesics, anti-infectives, sedatives, antidiabetics, antipsychotics, 

psychothropic agents and others. These drug classes were identified as commonly used 

and commonly causing ADR based on a recent published review article (Wiffen et al., 

2002, Howard et al., 2007, Davies et al., 2009) (Table 2.2).  

In addition to this, several individual drugs such as ACEI, narrow therapeutic drugs and 

Beta Blockers were also noted separately in the analysis due to their inherent toxic 

properties.  
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Table 2.2:  Classification of drug class based on BNF  

BNF Drug Class (examples) Study Drug Class 

Anticoagulants (warfarin & heparin) Anticoagulants 

Antihypertensives (including calcium channel 

blockers, ACEI/ARB, beta/alpha blockers) 

Cardiac glycosides 

Lipid regulating drugs,  

Antiplatelet agents (aspirin, clopidogrel),  

Vasodilators (GTN, ISMN) 

Cardiovascular agents 

Diuretics Diuretics 

Paracetamol 

Opiod analgesics 

Analgesics (NSAIDs) 

Analgesics 

Antibacterial drugs 

Antiviral medications 

Antifungal medications 

Anti-infectives 

Sedatives, hypnotics & anxiolytics 

(benzodiazepines) 

Sedatives 

Drugs used in diabetes (insulin, gliclazide) Hypoglycaemic agents 

Antipsychotics & antidepressants Antipsychotics 

Antiepileptics, antiparkinson‟s medications, 

antidementia medications, thyroid and antithyroid 

drugs, corticosteroids, drug affecting bone 

metabolism, ulcer healing drugs, medication used 

in chronic diarrhoea, laxatives, drugs treating 

respiratory diseases, skin or dermal preparations, 

eye preparations, vitamins. 

Others 
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2.2.1.4   Method for causality assessment of ADR 

A recent review article identified 34 different methods available for causality assessment 

of ADR (Agbabiaka et al., 2008).  These methods were broadly categorised into expert 

judgement, algorithms and probabilistic methods.  Each method is associated with 

various advantages and disadvantages, as discussed by Agbabiaka and colleagues (2008).  

Algorithms are the most commonly used methods, although currently there is no 

universally accepted method available.  Naranjo scales (Naranjo et al., 1981) and Hallas 

criteria are two types of commonly used algorithm.  Probability of causation for 

suspected ADR are categorised using conventional categories and definition of definite, 

probable, possible and doubtful based on sets of parameters.  Hallas criteria was utilised 

in the current cohort study due to the flexibility and also it has been widely used in most 

recent studies (Chan et al., 2001).            

2.2.1.5  Main outcome measures 

The primary outcome of the study was the incidence of ADR occurring during inpatient 

stay.  This was defined as the number of patients with at least one ADR occurring during 

their hospital stay divided by the number of all elderly patients included during the study 

period.  In addition, the causality, preventability and severity of the ADR in this patient 

group were determined.  

 

The secondary outcomes of the study were risk indicators associated with occurrence of 

ADR.  Polypharmacy (defined as ≥ 12 medicines in long term use at the time of 

admission (Leendertse et al., 2008), cognition on admission, type of medication being 

taken on admission and during inpatient stay, multiple co-morbidities, other social 

factors and clinical markers  were analysed with respect to the occurrence of ADR. 

 

The summary of the methods used in the cohort study were outlined in Figure 2.2. 

Details of the methodology applied will be discussed in the following section.  
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Figure 2.2: Flow diagram representing summary of method used in the cohort study 
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2.2.1.6  Patient identification and recruitment  

 
Figure 2.3 depicts the summary of patient identification and recruitment process in the 

current study.  All patients aged 65 years or older admitted to one of the four study wards 

over a 3 month period were systematically enrolled into the study.  All patients were 

assessed by the primary researcher for ADR throughout their inpatient stay.  Patients 

were excluded from the study if they were younger than 65 years old or admitted 

following self-poisoning.  Patients who died within 24 hours of admission, those 

transferred to other wards during the weekend and those admitted and discharged during 

the weekends were excluded.  Patients also were excluded if their medical notes were not 

available for further investigation.  All remaining admissions were followed until 

discharge.  Most patients were admitted through either the accident and emergency 

department or the acute medical and surgical assessment units.   

  

Figure 2.3:  Flow chart representing patient identification and recruitment process  
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2.2.1.7  Case Identification and Classification 

The approach used in this study involves three-steps as shown in Figure 2.4: (i) Case 

identification, (ii) Confirmation by an independent reviewer and (iii) Classification of 

incidents (Leendertse et al., 2008). This systematic approach was applied to ensure the 

correct categorisation and to avoid inclusion of any doubtful cases which could 

overestimate the incidence of ADR.  

 

Figure 2.4: Flow diagram describing main steps involved in the study 

(Source: (Hallas et al., 1990b) 

2.2.1.7.1 Case identification 

Patients were reviewed daily to determine whether they had experienced an ADR during 

their hospital stay, using the following process: 

 

i. Drug chart review 

ii. Patient observational data (e.g. blood pressure , pulse, temperature) 

iii. Biochemical parameters evaluation 

iv. Referral or reports from other healthcare providers 

Case identification 

Validation by an independent 

reviewer 

Classification of incidents 
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The process of reviewing medical information was undertaken on a daily basis using a 

standardized data collection form. All the data was collected by the main researcher to 

ensure uniformity of approach and reduce the variability in the inclusion of cases 

(Lindley et al., 1992).  The general process for identifying ADR was undertaken by 

reviewing the medical records of patients and the application of the drug-related adverse 

event screen to detect possible drug-related incidents (Rozich et al., 2003, Resar et al., 

2003). Comprehensive chart review method is considered as a standard criterion 

(Handler et al., 2008) and as a primary ADR case-finding technique for research (Bates 

et al., 2003).  This approach has been used widely in several other recent studies 

(Kaushal et al., 2003, Davies et al., 2006).   

 

During the chart review process, the following section (Table 2.3) was given particular 

attention in order to identify the suspected events.  This process included procedure 

notes, review of emergency department notes, physician progress notes, laboratory 

reports, physician medication orders in drug chart, nursing flow sheets, and 

multidisciplinary progress notes and also a review of hospital discharge summaries 

which may report the occurrence of ADR.  
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Table 2.3: Case identification by review of different information sources 

 Procedure notes 

 Review of emergency department notes 

 Physician progress notes: may indicate changes in plan if care related to effects 

of medications 

 Laboratory reports: looking for trigger laboratory results: e.g. hyponatremia in 

patients on diuretics 

 Physician medication orders in drug chart 

 Drug chart: looking for trigger medications. eg. Vitamin K-over anticoagulation 

with warfarin. Naloxone over-sedation with narcotic 

 Nursing/multidisciplinary progress notes: looking for over-sedation, lethargy, 

falls, hypotension, rash, nausea/vomiting or other adverse events 

 Discharge summary: may include ADR  

 (Source: Adapted from (Morimoto et al., 2004) 

 

Any suspected ADR was identified using a reliable and systematic approach which is 

known as trigger tool methodology.  The concept of this method was originally 

introduced by a group of American researchers in 1991 (Classen et al., 1991).  In this 

method, the researcher looked for specific signals which serve as triggers to initiate a 

more detailed concurrent chart review for the identification of ADR.  The initial method 

was further redesigned by Rozich and colleagues (Rozich et al., 2003) after 12 years and 

later was scrutinised again by Rezar and colleagues in their recent published paper (Resar 

et al., 2003).  The latest version of the trigger method was employed in the current study 

for the identification of ADR in elderly inpatients. 



 

49 

 

To simplify the applicability and increase understanding of the method, the trigger tool 

was summarised into five main categories as shown below: 

 

i. Ordering certain drugs/tracer drugs or antidote (e.g., use of steroid in patients 

who are taking antibiotics; vitamin K to treat bleeding due to warfarin) (Handler 

et al., 2008). 

ii. Abrupt changes in medication or abnormal laboratory value  (Kaushal, 2002).  

iii. Abrupt stop orders or discontinuation of drugs without replacement.  

iv. Abrupt order for drug concentration (Handler et al., 2008) or elevated serum level 

for narrow therapeutic range drugs such as theophylline, and medication use 

which are in notation of drug allergy/ADR (Handler et al., 2008). 

v. Several combinations of symptoms and medicines which may contribute to the 

occurrence of ADR were also included on the trigger list.  An example of 

symptoms/medication combinations on the list is asthma exacerbation and 

nonsteroidal anti-inflammatory drug (Handler et al., 2008). 

 

As part of the case identification system, reports from health care-providers and review 

of administrative incident report concerning ADR were also included for further review.  

The treating doctors, nurses and pharmacists in the ward were also asked to report 

potential drug-related events if not identified by the researchers.  Multiple methods were 

utilised to ensure that no drug-related events were missed during the study period. 

 

Any suspected events that matched these criteria were discussed with the attending 

hospital physician to confirm interpretation and classification of ADR occurrences by the 

primary researcher.  Suspected drug-related events were later classified accordingly by 

primary investigator and also by an independent reviewer.   
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2.2.1.7.2 Confirmation by an independent reviewer     

In order further to validate the results obtained, a further assessment of confirmation was 

undertaken.  All incidents detected and categorised by the primary investigator were 

presented and independently classified by another reviewer (a physician working in the 

same hospital but not in the study ward).  ADR cases were validated by another 

independent reviewer, resulting in high specificity, adding to the reliability of the results.   

 

The validation was done based on the information collected by the primary investigator 

during the data collection period.  For each case, a summarised case note was prepared 

and later presented to the independent reviewer.  The short case note includes 

information of patient, characteristic of reaction, the timing of symptoms to the drugs, 

the strength of published data on the reaction, pattern recognition and investigation 

performed. To ensure that the classification of ADR is correct, 45 random case notes 

which were classified as medication error were presented together with the ADR cases.  

All medication error cases (100%) were rejected by the independent reviewer as non-

ADR cases.  

2.2.1.7.3 Classification of incidents (Assessment of causality and 

preventability) 

Classification of events was conducted as part of the confirmation process, described 

earlier.  All the suspected ADR which was recorded by the primary investigator and 

confirmed by treating physicians or pharmacists in the ward were further classified 

according to several criteria by both the independent reviewer and primary investigator.  

The differences occurred between the primary investigator and independent reviewer‟s 

judgement on causal assessment of events as drug-related, severity and preventability 

were resolved by discussion.  The final classifications based on consensus were included 

in the analysis. 

  

All ADR cases were analysed for causality (Hallas et al., 1990b) and classified according 

to severity (Gurwitz et al., 2003) and preventability (Hallas et al., 1990b) using validated 

and previously published scales.  
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The assessment of causality by the primary researcher was based on the information 

collected from the comprehensive chart review and also by communication with the 

treating physician.  Two different methods were used for assigning probability of 

causation for a suspected ADR.  Algorithm which was used by Hallas and colleagues 

(Table 2.4) consists of five questions used to assess the causal relationship between the 

suspected medication and the occurrence of ADR.  Each event will be categorised as 

unlikely, possible, probable or definite according to the criteria.  An ADR was 

determined to be definite if it met all the criteria listed (Hallas et al., 1990b).  Doubtful 

cases were not included in the analysis.  

 

Table 2.4: Criteria to characterize the relationship between drug intake and ADR  

 
1. Known ADR or toxic reaction; 

2. A reasonable temporal relationship between commencement of drug therapy 

and onset of adverse reaction; 

3. The adverse reaction disappeared upon discontinuation or dose reduction; 

4. The symptoms or event could not be explained by any other known condition 

or predisposing of the patient; 

5. The symptoms reappeared upon re-exposure, or laboratory tests showed toxic 

drug levels or drug-induced metabolic disturbances that explained the 

symptom 

Causal 

relationship 

Description 

Definite All five criteria are satisfied 

Probable Criteria  (1), (2), (3) and (4) are satisfied 

Possible Criteria  (1), (2) and  (3) are satisfied 

Unlikely/not able 

to evaluate 

The relevant information required for evaluation could not be 

obtained, or the temporal sequence is atypical, or other conditions 

or dispositions are considered far more likely to have caused the 

symptoms 

 

(Source: (Hallas et al., 1990b) 
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To further strengthen the methodology, confidence about the causality assessment was 

rated on a six point scale devised by Bates and colleagues (Gandhi et al., 2003).  The six 

point Likert scale consists of (1 little or no confidence; 2, slight-to-moderate confidence; 

3, less than 50 percent confidence but a close call; 4, more than 50 percent confident but 

a close call; 5, strong confidence; and 6, virtually certain).  Events were excluded if the 

score for the confidence level was less than 4 (i.e., less than 50 percent confidence) 

(Gandhi et al., 2003).  All possible, probable, and definite events classified using Hallas 

criteria AND Likert score more than 4, were classified as drug related.  

 

In addition to the causality assessment each suspected cases of ADR was also classified 

for severity (Table 2.5) and preventability (Table 2.6).  The severity of ADR was graded 

as a) fatal, i.e. ADR leading to death, b) life-threatening, i.e. ADR prolonging 

hospitalisation, leading to permanent defects or life threatening complications, c) serious, 

i.e. ADR demanding a dosage reduction, therapy cessation, required additional 

therapeutic measures or specific treatment, or d) significant, i.e. any significant ADR that 

is identified by the patient but not requiring a change in therapy (Morimoto et al., 2004).  

Table 2.5: Classification and definition for severity of ADR 

Classification Definition 

Fatal ADR leading to death 

Life threatening ADR prolonging hospitalisation, leading 

to permanent defects or life threatening 

complications 

Serious ADR demanding a dosage reduction, 

therapy cessation, required additional 

therapeutic measures or specific 

treatment 

Significant Any significant ADR that is identified by 

the patient but not requiring a change in 

therapy 

(Source: (Morimoto et al., 2004) 
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The preventability of the ADR were assessed using the definition developed by Hallas et 

al (1990b) and classified as definitely preventable, possibly preventable and not 

preventable.  An ADR was considered definitely preventable if the ADR was due to a 

drug treatment inconsistent with present day knowledge of good medical practice.  In 

addition ADR was classified as possibly preventable if it could have been avoided by an 

effort exceeding the obligatory demands of present day knowledge of good medical 

practice.  Any ADR were considered not preventable if the ADR could not have been 

avoided by any reasonable means.  In the final analysis, the results were presented as 

either preventable or not preventable (Gandhi et al., 2003).  The judgement on 

preventability was made purely based on information available during the time the 

classification was made.  

 

Table 2.6: Definition of preventability  

Classification Definition 

Definitely avoidable  The ADR was due to a drug treatment 

procedure inconsistent with current 

knowledge of good medical practice 

Possibly avoidable  The ADR could have been avoided by 

an effort exceeding the obligatory 

demand of current knowledge of good 

medical practice 

Unavoidable  The ADR could not have been avoided 

by any reasonable means 

(Source: (Hallas et al., 1990b) 

 

The suspected ADR were classified according to type of ADR as per the classification of 

Rawlin and Thompson (Rawlins). Also recorded was whether the ADR were due to an 

interaction.  Drug interactions were classified according to the interactions listed in the 

summary of product characteristics or relevant literature, or both (Pirmohamed et al., 

2004).   
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2.2.1.8  Recording of data 

Data obtained from medical record review and also from other sources by the primary 

investigator were entered into a Microsoft Excel database.  Case judgment made by 

individual reviewers and the final classifications for each case was double entered into 

the database.  In addition, details of the drugs that were thought to have contributed to the 

ADR were recorded and were grouped according to British National Formulary (BNF) 

codes (Anon, 2009). Before analysis, all the data entered into the excel document was 

verified centrally on missing values, extreme values, and also coding of the medication 

and co-morbidities. 

A random sample of 35 cases (5% of the total patients recruited) was assessed 

completely by another independent person for accuracy on drug and co-morbidity coding 

and also correct input into the database. Data were exported to statistical software for 

statistical analysis (SPSS, version 15; SPSS Inc, Chicago, Illinois).  

 

2.2.1.9  Statistical analysis 

Descriptive statistics were used to characterize frequencies and means for primary 

outcomes.  Secondary analysis of risk indicators associated with ADR was performed by 

fitting a logistic regression model.  

 

Frequencies were determined separately for patients with and without ADR.  These 

patients were compared using a chi-square test of association for categorical variables 

such as gender and a Mann-Whitney U Test for continuous variables such as age and 

length of stay; the results were presented as median and interquartile range (IQR).  The 

non-parametric test was used for the analysis as the data is not drawn from a normally-

distributed population.  The assessment of parametric assumptions was executed using 

formal statistical tests described elsewhere.  The normal distribution assumption was 

tested using the Kolmogorov-Smirnov test with KS-Lilliefors test.  The similar variance 

assumption was tested using Levene‟s test.  The conclusion to consider that a variable is 

nonparametric is drawn if either of these tests is significant. To assess inter-observer 

reliability, case scores were compared using Cohen‟s kappa and intraclass correlation 
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coefficients (moderate to substantial agreement is indicted by kappa 0.41-0.80) 

(Armitage et al., 2004).   

 

All reported P values will be based on two-tailed tests of significance.  Differences will 

be judged significant if p <0.05.  Statistical Package for the Social Science (SPSS), for 

windows version (14.00), will be used for data analysis.  

2.2.1.9.1 Statistical evaluation of data (Univariate analysis)  

Univariate analyses of the data were focused on patients‟ characteristics that might be 

associated with the occurrence of ADR in the elderly.  Variables which were collected 

during the data collection period were evaluated for impact on the ADR score.  These 

variables include, age, gender, ethnic group, marital status, home environment, smoking 

status, alcohol consumption, number of past medical problems, recent hospital 

admissions within 1 month, cognition on admission, physical function before admission, 

co-morbidities, length of hospital stay, number of regular medications on admission, 

number of prescribed medications during admission, individual medication used 

(according to BNF classification), any previous ADR, history of allergy, measured serum 

drug concentrations, temperature, pulse, blood pressure, and laboratory values on 

admission recorded whether abnormal or within normal limits (haemoglobin, white cell 

count, platelet, CRP, TP, albumin, bilirubin, alkaline phosphatase, alkaline transaminase, 

INR, sodium, potassium, urea, serum creatinine, eGFR, glucose). 

 

A Chi-square test (
2
) was used to identify parameters that predicted increased likelihood 

of an ADR.  Fischer‟s exact test was employed for variables that had an expected 

frequency below 5.  The symbol superscript (F) was used in text denoting the 

probabilities of Fisher‟s exact test as compared to other method utilised in the study. 

 

All the data was summarised and displayed as mean ± standard deviation (SD) for the 

normally distribute continuous variables, median plus the quartiles for non-normally 

distributes continuous variables and number of patients plus the percentage in each group 

for categorical variables.  The One-Way Kolmogorov-Smirnov test was used to assess 

the distributions of the data.  
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For comparing continuous variables, an independent sample Student‟s t-test analysis was 

performed for the normally distributed variables, while the Mann-Whitney analysis was 

used for non-normally distributed variables to compare the various parameters between 

the ADR and non-ADR groups.  

The chi-square test was used to assess the overall significance between the groups for all 

categorical variables.  All above analyses were considered significant at a P value less 

than 0.05 (two-tailed).  The SPSS statistical package was used to perform all statistical 

evaluations (SPSS Inc., Chicago, IL, USA).   

2.2.2 Development and validation of risk stratification model   

2.2.2.1  Development of risk stratification model  

Logistic regression analysis is a statistical method commonly used in the development of 

a risk stratification model using more than one explanatory or independent variable.  Cox 

(proportional hazards) models are another type of regression model which are currently 

being widely used. Predicting model, derived from these statistical methods is used for 

investigating and predicting patients‟ outcome in relation to several patients, disease and 

clinical characteristics.  It can also be used to gain insight into the disease process by 

determining which variables are associated with prognosis after allowance for others, or 

other previously identified prognostic values.  The use of prognostic models are 

becoming more frequent in certain areas for example; cancer, nutrition, falls, predicting 

diabetic mellitus, identifying patients at risk of developing stroke, and others.  In the 

current study, risk stratification model will be used to predict the occurrence of ADR in 

older inpatients using several characteristics.    

2.2.2.2  Validation of risk stratification model  

In order to make sure the model works satisfactorily in real clinical practice, it needs to 

be validated or tested in different patients other than from where it was derived.  This is 

also referred as generalisability or validity.  In other words, it is a way to provide 

evidence that the model predicts the outcome as intended. 
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The performance (prediction accuracy) of the prediction model can be assessed either by 

measuring the accuracy of score and discrimination of model (Miller III, 2001).  

Accuracy of scores is done by comparing the observed and predicted events rates of 

individuals. Discrimination of model alternatively distinguishes between patient with and 

without the event of interest.   

 There are three types of study design for validation in model fitting: internal validation, 

temporal validation and external validation.  Internal validation procedures are limited to 

a single dataset and conducted by data splitting and cross-validation techniques.  In 

temporal validation, the performance of the model will be assessed on the second cohort 

within the same centres.  External validation is based on evaluation of data from one or 

more other centres which tackles the model‟s generalisation capacity.  

2.2.2.2.1 Statistical method used in the validation of ADR risk prediction 

model 

Model-predicted probabilities were generated for each of phase 2 (validation) patients. 

These probabilities ranged from zero to one with zero representing the lowest risk of an 

ADR and one representing the highest risk of ADR.  These probabilities were compared 

with the ADR scored for each phase 2 patient to give a measure of the predictive 

accuracy of the model in the validation group.  The accuracy of the model was recorded 

as percentage specificity and sensitivity. 

2.2.2.3  Ethical approval 

Ethical approval was obtained from National Research Ethics Service, Brighton West 

Research Ethics Committee (REC reference number: 08/H1111/43 (Appendix 3)).  

 

This chapter has given an overview of the design and methodology used in the 

development of risk prediction model. Each stage will be considered in more detail 

beginning with the quantitative studies (Chapter 5 & 6), followed by the quantitative aim 

of the study (Chapter 7).   
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CHAPTER 3  INCIDENCE OF ADR IN OLDER PATIENT 

 

3.1 Introduction 

Adverse drug reactions are responsible for significant morbidity and mortality affecting 

patients in 15.8% of hospital inpatients
 
(Davies et al., 2009).  ADR often result in 

admission to hospital or an increase in the length of stay and are clearly costly. Although 

polypharmacy and the various physiological changes associated with ageing place the 

elderly at higher risk of experiencing an ADR there are no recent studies examining this 

problem in hospitalised older ( 65 years) in-patients in the UK.  

 

The aim of this observation study was to assess the burden of ADR experienced by 

inpatients in a UK university hospital.  Objectives included an assessment of frequency, 

causality, severity and preventability of ADR occurring in elderly patients on admission 

and also during hospital stay and to identify risk indicators associated with these events.  

Risk factors such as age, gender, and type of ward were assessed, in addition to causative 

drugs and the length of stay.  Besides that, any medication error occurred during the first 

phase of this study period was also recorded. 

 

3.2 Methods 

Full detail of the method utilised in this part of the study has been described in Chapter 2.  

A summary of the method is provided in the current chapter.  A prospective review was 

conducted from January to March 2007 at the Royal Sussex County Hospital, Brighton. 

The study was repeated the following year during the same time period.  Patients 

admitted to four wards (≥ 65 years) were included in the study. The approach used in this 

study involved three steps:  

 

(i) Case identification 

Patients were monitored for ADR by reviewing medical information on a daily basis 

using a standardized data collection form by the primary investigator and also by 
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eliciting any incidents referred to by healthcare professionals.  The primary outcome of 

the study was the incidence of ADR. 

 

(ii) Classification of incidents 

Suspected ADR were analysed for causality (Hallas et al., 1990b), preventability (Hallas 

et al., 1990b) and severity (Gurwitz et al., 2003) using previously published criteria.  

Confidence in the causality of events was further rated on a six point likert scale (Gandhi 

et al., 2003).  All possible, probable, and definite events classified using Hallas criteria 

and likert score more than 4 were classified as drug related.  

 

Descriptive statistics were used to characterize primary outcomes.  Frequencies were 

determined separately for patients with and without ADR and compared using chi-square 

test of association for categorical variables and Mann-Whitney U Test for non-

continuous data. 

 

Sample size calculation was done based on the rule of thumb that logistic regression 

should be used with a minimum 10 events per predictor variable (Vittinghoff and 

McCulloch, 2007).  An assumption that 1 in 8 patients would suffer an adverse drug 

reaction during inpatient stay was made based on previously published study. A total 

sample size of 640 patients will have 80 patients with ADR. This will give chance to 

have 8 predictor variable in the logistic regression analysis.  
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3.3 Results 

3.3.1 Patient recruitment 

The study population comprised 946 patients admitted to four wards (Solomon, Donald 

Hall, Bristol, and Vallance). Of these patients 690 were monitored and evaluated for the 

occurrence of ADR throughout their admission.   

 

Of the 256 patients not included, 111 (43%) patients were outside the correct age band 

(younger than 65 years old) and were only admitted to the Care of the Elderly wards due 

to bed pressures within the hospital. The remaining 145 (57%) patients were not recruited 

to the study due to; death, medical notes were not available for further investigation or 

they were very short stay patients who were both admitted and discharged within 24 

hours or during a weekend.  Patient recruitment was further hindered by an outbreak of 

Norovirus and Clostridium Difficile infection on two of the study wards which restricted 

access to the patient on the grounds of infection control.    

 

Consequently, 690 patients formed the study cohort, who were fully evaluated for the 

occurrence of an ADR as well as its severity, preventability and causality.  

 

The patients who are recruited during the study period are representative and similar to 

the overall admission of patients more than 65 years old admitted to the study ward. 

Table3.1 depicts that median and gender of patients recruited are comparable.      
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Table 3.1: Comparison of demographic pattern of patients included in the study with the 

remainder of the study population  

Factor Study sample 
Patient ≥65 years old admitted 

to study ward 

N 690 835 

Gender (Female) 419 (61%) 520 (62.3%) 

Age 

[Median (IQR)] 

85±7.9; (81-89) 

85 (81-89) 

84.1±7.0; (65-103) 

85 (80-89) 

 

3.3.2 Comparison of 2007 and 2008 data 

Comparison of patients from phase 1 (between January to March 2007) with the patients 

that were included in the study the following year during the same months (Phase 2) 

showed that both groups were well matched. Table 3.2 shows that patients from both 

groups are of similar age and had the same length of stay.  In addition, the total number 

of co-morbid conditions and number of medications use in the ward are comparable.  

Interestingly, the incidence of ADR experienced by patients during in-patients stay was 

also similar in both phases.     

 

Both groups seem to be fairly well matched for certain types of co-morbid conditions and 

also for classes of drug used in the ward.  In general, the patients‟ characteristics are the 

same in both phases, allowing for the data to be combined for further analysis.     
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Table 3.2: Comparison of sample data of 2007 and 2008 

 Median (Inter Quartile Range) 

 

 

 

 

Variable 

No. (%) Patients 

Phase 1 

(n=330) 

Phase 2 

(n=360) 

Total 

(n=690) 

Age  85 (81-89) 86 (82-90) 84.5 (80-85) 

Gender (Female) 195 (59.1) 224 (62.2) 419 (60.7) 

Length of stay  11.5 (7-19) 12 (8-19.75) 12 (7-19) 

Total number of drug 

inpatients stay  

7 (5-10) 8 (5-11) 7 (5-10) 

Total number of  co-morbidity 7 (6-9) 9 (7-11) 8 (6-10) 

ADR during in-patient stay 37 (11.2) 49 (13.6) 86 (12.5) 

    

Drug used in the ward    

Anticoagulant 63 (19.1) 80 (22.2) 143 (20.7) 

Analgesics 135 (40.9) 149 (41.4) 284 (41.7) 

Hypoglycemic agent 33 (10) 51 (14.2) 84 (12.2) 

Antidepresants 42 (12.7) 67 (18.6) 109 (15.8) 

Analgesics (NSAIDs) 23 (7) 13 (3.6) 36 (5.2) 

    

Co-morbid condition    

Atrial Fibrillation 69 (20.9) 87 (24.2) 156 (22.6) 

CRF 21 (6.4) 26 (7.2) 47 (6.8) 

CCF 30 (9.1) 40 (11.1) 70 (10.1) 

Dementia  35 (10.6) 39 (10.8) 74 (10.7) 

Diabetic 52 (15.8) 63 (17.5) 115 (16.7) 
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3.3.3 Demographic data 

The average age of the study sample was 84.3 years (range 65-103; median 85; IQR 81-

89).  The overall patient age distributions are shown in Figure 3.1.  Almost 81% (n=560) 

of the patients recruited were more than 80 years old.  This trend can be explained by the 

selection of the wards for the inclusion of patients as only patients greater than 80 years 

old are admitted to the care of the elderly wards, which include two out of the four study 

wards.  The inclusion of patients from these wards provides a unique study sample for 

the study with the majority of patients being very elderly.  Such patients are usually frail 

and often excluded from most clinical trials and observational studies. 

 

Figure 3.1: Age distribution of patients 

Percentage of patients recruited in the study according to age group 
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More female patients (61%) were recruited into the study than male; the majority were 

white-British (88%). Forty one percent of patients were widowed, 35% married, 61% 

lived in a house or flat and 10.6% were living in nursing homes.  Almost 57% (n=381) of 

the total patients were living alone and half of them required a degree of social support.  

Up to 24% (n=168) of the total patients evaluated were admitted with a diagnosis of 

acute stroke, the majority of these patients were admitted to the Stroke unit. 

3.3.4 Co-morbidity of patients evaluated 

The average number of recorded co-morbidities in this study sample was 8.03 (range 1-

17; median 8; IQR: 6-10). Table 3.3 below shows the common co-morbidities found in 

this patient group. 

 

Co-morbidities for each patient were recorded.  73% of patients had a diagnosis of 

hypertension, 40% of patients reported anaemia, urinary tract or chest infection, 40 % of 

patients had a diagnosis of arthritis.  20% of the study population reported 4 or more co-

morbidities. These diseases are commonly seen in the older population.  However, 

certain diagnoses were not prevalent in this study population.  For example, patients with 

liver disease only accounted for 1% of the overall patients evaluated.  The lower 

prevalence rate of diseases could be explained by the inpatient care system being utilised 

in this hospital.  Patients are admitted to specialist wards for the management of 

respiratory, cardiac or gastroenterology pathologies.  However, the study sample was a 

perfect representation of elderly in-patients with acute medical conditions.  This data 

may be generally applicable throughout the country for patients within this age group.   

 

Another reason for the underestimation or lower prevalence of certain co-morbid 

conditions in this inpatient population could be due to the poor documentation in the 

medical notes and an incomplete record of previous medical conditions in the patients‟ 

notes.  Patients‟ themselves were often unable to provide an accurate medical history due 

to acute and chronic confusion.  This further contributed to the incomplete medical data 

obtained from elderly medical inpatients.  
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Table 3.3: List of co-morbidity of 690 patients included in the study 

Co-morbid conditions No (%) of patients 

Hypertension 502 (72.8) 

Infection  303 (43.9) 

Anaemia 283 (41) 

Arthritis/Osteoarthritis 280 (40.6) 

Renal impairment 248 (35.9) 

Fall 209 (30.3) 

Depression 176 (25.5) 

Ischemic Heart Disease 159 (23) 

Atrial Fibrillation 156 (22.6) 

Diabetics 115 (16.7) 

Previous stroke 115 (16.7) 

Previous TIA 110 (15.9) 

Osteoporosis 86 (12.5) 

Hyperlipidemia 284 (12.2) 

Congestive Cardiac Failure (CCF) 70 (10.1) 

Dementia (other than Alzheimer) 74 (10.7) 

Alzheimer 25 (3.6) 

Liver impairment 7 (1) 
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3.3.5 Incidence of ADR 

The incidence of ADR can be reported at two different levels: patient level and also 

individual episodes level (Davies et al., 2009).  The patient level incidence reporting 

approach might be more useful because the outcome can be used for direct comparison 

with other studies published previously.  However, the individual episodes level might be 

useful for patients who experienced more than one drug reaction during their admission.  

 

Of the 690 patients reviewed, 86 presented with at least one ADR.  The incident of ADR 

in this patient‟s population was 12.5% (95% CI 10-14.9). A total of 95 ADR were 

identified overall, thus, about 14 ADR were identified in every 100 patients admitted.  Of 

these 95 identified cases, 76 (80%) of the ADR were caused by single drugs.  In the 

remaining 20% of the cases, two or more contributing agents were involved for the 

occurrences of ADR.  

 
Table 3.4: Rates of adverse drug reactions 

Variable No. (%)* Event Rate 

(no./100 

patients) 

Total number of patients with ADR 

Total number of ADR experienced  

86
∆ 

95 (100) 

12.5 

Severity 

Fatal 

Life-threatening 

Serious 

Significant 

 

0 (0) 

5 (5) 

64 (67) 

26 (27) 

 

- 

0.7 

9.3 

3.8 

Preventability 

Definitely or possibly preventable 

Not preventable 

 

60 (63) 

31 (33) 

 

8.7 

4.5 

*Percentages may not sum in 100, because of rounding 

∆
 Percentage not needed  
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3.3.6 Comparison of patient with an ADR and in non-ADR group 

Univariate analysis comparing two group of patients in a non-ADR group and patients 

with ADR revealed several number of variables which significantly influenced the 

occurrence of ADR (at an a priori level of p=0.05). Table 3.5 shows the significant 

factors for possible adverse drug reactions based on univariate analysis. All the 

significant variables were included in the multivariate analysis to identify risk factors for 

the occurrence of ADR after adjusting for confounding factors. 

 

The two groups consisting of patients with and without ADR are well matched for age, 

gender, ethnicity, and a range of laboratory and clinical variables as outlined in Table 

3.6.  However, patients who experienced an ADR took significantly more medication on 

admission, and were also prescribed with more medications during inpatient stay, with a 

longer length of hospital stay.  More females (62%) than males (38%) experienced ADR 

in the study, however, this was not statistically significant. (
2
=0.034, p=0.855).  

 

The median number of regular medications taken by patients on admission was 

significantly higher in the ADR group at 6 (IQR 3-8.25 medications) compared with 5 

medications in the non-ADR group (IQR 3-7; U= 15633, p=0.000).  Similarly, the 

median number of medication prescribed while in the ward was 10 (IQR 7.75-13) for 

patients with ADR as compared to 7 (IQR 5-10); U=21895.5, P=0.018) for the non ADR 

group.     

 

The median length of stay for patients with ADR was 16 days (IQR 10-26 days) 

compared to 11 days (IQR 7-19 days; U=19397, p=0.000) for those who did have not 

have ADR. Analysis of the causal relationship between the increase in duration of stay 

and ADR; whether the length of stay was directly due to ADR or whether the ADR 

occurred due to the increased length of hospital stay, was not undertaken in this study.  

This decision was taken after considering the difficulties in assigning causal relationship 

in older patients, where there are mitigating factors to longer length hospital stay, such as 

waiting for the appropriate placement in nursing homes or rehabilitation centres. 

However, a recent study by Davies (2009) identified that the occurrence of ADR during 

inpatient stay does increase the ward stay which in turn further increases the risks of 
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patients suffering with ADR. This could be described as the most important factor 

causing ADR in elderly inpatients.  

 

ADR were experienced by 10 out of 100 patients who died during the study period (1.4% 

of patients recruited, 10% of all deaths).  The mortality was lower (n=10, 12%) in 

patients who experienced ADR compared to patients who did not experience any ADR 

during their inpatients stay (n=90, 15%; χ
2
=0.651, P=0.420).  However, this was not 

statistically significant.  Whether patients died from the ADR that occurred during 

hospitalisation or from other causes (e.g., hospital acquired infection and co-morbidities) 

was not assessed.  Based on the death certificate report, none of the deaths were directly 

attributable to ADR.  One (0.01%) of the drug reactions required admission to intensive 

care unit while the remainder required more routine and usual intervention, for example; 

dose adjustment, change of therapy, replacement therapy or rigorous monitoring.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

69 

 

Table 3.5: Significant factors for possible adverse drug reactions (based on 
2
 analysis) 

Variable P value 

Patient characteristics 

Age (yr) 

Gender  

Ethnic Origin  

 

0.662 (MW) 

0.855 

0.666 

Co-morbidities 

Ischemic Heart Disease 

Diabetes 

Infections  

Anaemia 

Arthritis/Osteoarthritis 

CCF 

Hyperlipidemia 

Liver disease 

Acute renal failure 

 

0.252 

0.039* 

0.382 

0.088 

0.013* 

0.852 

0.048* 

0.605 (F) 

0.827 

Clinical 

Acute Stroke 

Length of stay  12 days 

Multiple ( 4) chronic medical problems 

Last hospital admission (within 1 month) 

 

0.275 

0.001* 

0.308 

0.054 

Social 

Smoking 

Alcohol 

Family Support 

 

0.277 

0.924 

0.145 

MW=Mann Whitney U Test 

F=Fischer Exact Test 

P<0.05 
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Table (Continued): Significant factors for possible adverse drug reactions (based on 
2
 

analysis) 

Variable P value 

Class of medication used in the ward 

Anticoagulants 

Hypoglycaemic agents 

Antipsychotics 

Antihypertensives 

Opioid analgesics 

Analgesics 

ACEI 

B-Blockers 

Cardiovascular agents 

Cardiac glycosides 

Anti-infective agents  

Sedatives 

 

Drug related 

Polypharmacy (≥8 medications) 

Previous history of ADR 

Allergies 

 

0.536 

0.001* 

0.085 

0.002* 

0.050* 

0.189 

0.013* 

0.046* 

0.165 

0.026* 

0.050* 

0.471 

 

 

<0.001* 

0.598 

0.904 

 

 

 

 

 

 

 

 

 

 



 

71 

 

 

 

Table 3.6: Comparison of patient characteristics in patient with and without ADR 

Characteristics 

No. (%) Patients 

Patient in non-

ADR group 

(n=604) 

Patient with an 

ADR 

(n=86) 

Total 

(n=690) 

Demographic    

Age (yr)  85 (81-89) 84 (81-88) 85 (81-89) 

Gender (Female) 366 (61) 53 (62) 419 (61) 

Ethnic Origin (White-

British) 

529 (88) 78 (91) 607 (88) 

Admitted to Stroke Unit 255 (42) 36 (42) 291 (42) 

    

Clinical    

Stroke  143 (24) 25 (29) 168 (24) 

Length of Stay  11 (7-19) 16 (10-26)* 12 (7-19) 

Co-morbidities   8 (6-10) 8 (6-9.25) 8 (6-10) 

Barthel Activity of daily 

Living (ADL) 

19 (15-20) 18 (13-20)  19 (14-20) 

Cognition (AMTS) 6 (3-9) 6 (2-9) 6 (3-9) 

Previous Hospital 

Admission (within 1 

month) 

154 (26) 14 (17) 168 (25) 

    

Social factors    

Smoking  51 (9.6) 8 (11) 59 (8) 

Alcohol 160 (40) 23 (41) 183 (41) 

Living Alone 340 (58) 43 ( 50) 383 (57) 

* Statistically difference with p<0.05 

 Median (Inter Quartile Range) 

 



 

72 

 

 

Table (Continued): Comparison of patient characteristics in patient with and without 

ADR (Continue) 

Characteristics 

No. (%) Patients 

Patient in non-

ADR group 

(n=604) 

Patient with an 

ADR 

(n=86) 

Total 

(n=690) 

Drug Related    

Number of regular 

medication on admission  

5 (3-7) 6 (3-8.25)* 5 (3-7) 

Number of regular 

medication on the ward  

7 (5-10) 10 (7.75-13)* 7 (5-10) 

Previous history of ADR 

- Previous drug allergies 

- Other ADR 

228 (38)  

130 (22) 

98 (16) 

35 (41)  

19 (22) 

16 (19) 

263 (38)  

149 (22) 

114 (17) 

* Statistically difference with p<0.05 

 Median (Inter Quartile Range) 

 

Socio-demographic factors such as sex, age, ethnic origin, smoking history and social 

support were not found to have a statistically significant relationship with ADR in this 

study.  However several other studies have shown some relationship between these 

variables and the occurrence of ADR, this will be discussed later.  

 

Several types of medication taken on admission and also during inpatient stay were 

shown to significantly influence the occurrence of ADR (Table 3.5). Certain                 

co-morbidities diagnosed during admission were also noted to significantly relate to 

ADR. These conditions include diabetes (p=0.039), arthritis (p=0.013) and 

hyperlipidemia (p=0.048). High WBC count and blood glucose levels on admission were 

also shown to be significantly related to a higher ADR score (p=0.040 and p=0.008), 

respectively. 
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3.3.7 Medication associated with ADR  

The most frequent causative drugs and drug classes associated with ADR in the older 

patients are shown in Table 3.7. Fifty percent of the total 95 ADR identified in this study 

was caused by both cardiovascular drugs and analgesics (including non-steroidal anti-

inflammatory drugs and opiod analgesics).  This is followed by hypoglycaemic agents 

and antibiotics which each accounted for 13% respectively of the implicated drug classes 

causing ADR.  

 

Focusing on individual medications rather than drug classes, insulin was found to be the 

most frequent causative medication, causing nine ADR.  This was followed by 

furosemide (n=7), morphine (n=6), digoxin (n=5), diazepam (n=5), codeine (n=4), and 

co-amoxiclav (n=4).  However, there were only three cases of ADR associated with 

warfarin; three with aspirin, and three with perindopril in this cohort.  Surprisingly there 

was, only one ADR caused by sodium diclofenac in this study, a drug which has 

previously been associated with gastrointestinal bleeding in older people (Cunningham et 

al., 1997, Wiffen et al., 2002). 
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Table 3.7: Drug classes involved in the 95 adverse drug reactions 

 

 

 

 

 

 

 

 

Drug Class [no. (%)] Drug  No. of 

ADR 

Cardiovascular Drugs 

[32 (34%)] 

Vasodilators (diltiazem (n=1), GTN (n=1), 2 

Antihypertensives [atenolol (n=2), amlodipine (n=2), 

perindopril (n=3), ramipril (n=3)] 
10 

Cardiac Glycosides (digoxin) 5 

Diuretics (furosemide (n=7), spironolactone, 

bumetanide (n=1, co-amilofruse (n=1), indapamide 

(n=1), 

10 

Antihyperlipidemia (simvastatin) 2 

Antiplatelet (aspirin) 3 

Analgesics [15 

(16%)] 

Opioid analgesics 

[morphine (n=6), codeine (n=4), tramadol (n=1), co-

codamol (n=1), dihydrocodeine (n=2)] 

14 

NSAIDs (diclofenac) 1 

Antidiabetics Drugs            

[12 (13%)] 

Insulin 9 

gliclazide (n=2), gliclazide+metformin (n=1), 3 

Antibiotics [12 

(13%)] 

amoxicillin (n=1), flucloxacillin (n=1), co-amoxiclav 

(n=4), clarythromycin (n=2), 

amoxicillin+erythromycin+augmentin (n=2), 

metronidazole (n=2) 

12 
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Table (Continued): Drug classes involved in the 95 adverse drug reactions 

 

3.3.8 Assessment of causality 

Causality assessment was undertaken for the total 95 ADR and was rated as definite in 

23 (24.2%) cases, probable in 47 cases (49.5%), and possible in the remaining 25 

(26.3%) cases.  The majority of the cases were rated either „definite‟ or „probable‟ 

(74%).  This study also included possible ADR in the analysis although there are several 

studies systematically excluding patients in this category. Possible ADR cases were 

included in this study because there is still a marginal link or relationship between the 

suspected drug and reactions identified.  For example, although a possible reaction could 

be explained by the certain disease condition of the patient, contribution of a drug should 

not be totally excluded.  This is particularly important in older patients where the 

complex relationship between multiple disease conditions and multiple medications 

should not be neglected.  

Drug Class [no. (%)] Drug  No. of 

ADR 

Psychotropic drugs [9 

(10%)] 

Antipsychotics [Neuroleptics] (chlopromazine, 

haloperidol, quetiapine (n=1) 
1 

Antidepressants-fluoxetine, citalopram (n=1) 1 

Anxiolytics [Hypnotics] 

(diazepam n=5), temazepam, lorazepam+haloperidone 

(n=1), lorazepam (n=1), nitrazepam, zopiclone) 

7 

Anticoagulants [4 

(4%)] 
heparin (n=1), warfarin (n=3) 4 

Others 11 (12%)] colchicine (n=1),baclofen (n=1), co-benaldopa (n=2), 

amitriptyline (n=2), dexamethasone (n=1), prednisolone 

(n=2), tamsulosin (n=2), 

11 
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3.3.9 Severity of ADR  

The severity of ADR identified is depicted in Figure 3.2.  Most of the identified ADR 

were of low level of severity, although all required intervention to a varying degree.  The 

severity of ADR was classified into four main categories in this study.  There were no 

fatal cases identified.   However, sixty-four (67%) of the reactions were classified as 

serious and five (5%) were life threatening.  Overall, sixty (63%) drug reactions were 

classified as preventable.  Of the life threatening and serious ADR, 69% of the reactions 

were classified as preventable whereas only 58% of the significant cases were judged 

preventable.    

 

The relationship between important classes of medications and various level of severity 

is demonstrated in Figure 3.2.  The majority of the ADR caused by cardiovascular agents 

were classified as serious, while less than two-thirds of the recognised drug reactions 

were classified as significant.  Similar trends were identified with other major types of 

medication including hypoglycaemic agents, antibiotics, psychotropic agents and 

analgesics drugs.  
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Figure 3.2: The relationship between drug classes at different level of severity 

  

 

The relationships of the severity of the identified ADR cases in different age groups are 

illustrated in the bar chart (Figure 3.3). There were no significant ADR identified in 

patients more than 85 years in this population.  This might be due to the fact that most 

ADR cases identified in this age group would need some kind of intervention.  In 

addition, the condition of the patients which is usually frail, of poor nutritional status and 

with multiple acute medical conditions may predispose for the occurrence of more severe 

ADR.       

0% 

20% 

40% 

60% 

80% 

100% 

Class of medications 

Life threatening 1 0 1 0 2 1 0 
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Figure 3.3: Classification of severity at different age group 
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Roughly two thirds of the identified ADR were recognised by the independent reviewer 

as either „possibly‟ or „definitely‟ preventable.  All the eleven ADR cases caused by 

either insulin or oral hypoglycaemic agents were justified as preventable.  Two-thirds of 

the antibiotic and one out of 15 ADR caused by analgesics drugs were classified as non-

preventable.  While the use of anticoagulants and psychotropic agents are reasonably 

common in older patients, half of the reactions that occur from these drug classes were 

considered as non-preventable.    
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Figure 3.4: The relationship between preventability and drug classes 

 

3.3.10 Types of ADR in elderly 

The types of ADR that occurred among older patients during their hospital stay were 

similar to those published focusing on a younger group of patients. Table 3.8 features the 

comprehensive types and common symptoms associated with ADR identified in this 

study population. Gastro-intestinal tract problems or digestive symptoms accounted for 

one-fifth (n=20, 21%) of the overall ADR identified. This was closely followed by 

cardiovascular (n=19, 20%), neuropsychology (n=14, 15%), endocrinology (14%), 

metabolic and renal (12%), haemorrhage (6%), altered transaminases (3%), cutaneous 

(3%), haematological (2%), and others (4%).   

  

Although the digestive system was identified as the system most commonly affected with 

ADR, orthostatic hypotension together with postural hypotension (n=12) was the most 

frequent ADR observed. This was followed by eleven cases of hypoglycaemia, confusion 
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and drowsiness (n=11), hypokalemia (n=5), hyperkalemia (n=1) and hyponatremia (n=1). 

Electrolyte disturbances were the fourth most common type of ADR identified.   

 

Nausea and vomiting (n=6) and constipation (n=6) can be considered regular ADR 

among older patients followed by drug induced Clostridium difficile infections (n=4). 

Increasing age is identified risk factor for drug induced Clostridium difficile infection.  

 

Hypoglycaemia was also identified as quite a common ADR followed by confusion and 

drowsiness however neuropsychological symptoms are very difficult to assess in the 

elderly patient especially if the patient is cognitively impaired.  
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Table 3.8: Signs and symptoms of ADR 

 

 

 

 

 

 

 

Signs or symptoms Types of ADR N=95 (%) 

Digestive  

 

Diarrhoea (n=3), nausea and vomiting (n=6),  

Clostridium difficile (n=4), constipation (n=6), 

indigestion (n=1) 

20 (21.1) 

Cardiovascular  

 

Orthostatic /postural hypotension (n=12), heart 

rhythm/bradycardia (n=5), conduction impairment 

(n=1),  light headed (n=1) 

19 (20) 

Neuropsychological 

 

Drowsiness (n=7), confusion (n=5), 

delirium/dizziness (n=1), agitation/sedation (n=1) 

14 (14.7) 

Endocrinology  Hypoglycaemia (n=11), hyperglycemia (n=2) 13 (13.7) 

Metabolic or renal  

 

Acute renal failure (n=1), hypokalemia (n=5), 

hyperkalemia (n=2) hypontremia (n=1), 

hyperuraemia (n=1), urinary incontinence (n=1) 

11 (11.6) 

Haemorrhagic  

 

Digestive (n=1) cerebral bleeding (n=1), haematuria 

(n=3), epistaxis (n=1) 

6 (6.3) 

Haematological  Increased INR (n=5) 5 (5.3) 

Cutaneous  Rash/pruritis (n=3) 3 (3.2) 

Others Dry mouth (n=1), leg oedema (n=1), respiratory 

depression (n=1), dyskinesia (n=1) 

4 (4.2) 
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Figure 3.5 shows the relationship between sign and symptoms and severity of ADR 

observed in the study. The majority of the ADR observed in the older patients were 

categorised as either serious or life threatening by the reviewers. Only several types of 

ADR involving cardiovascular, haemorrhage and endocrinology were classified as 

„significant‟ cases among the overall cases.   

 

Figure 3.5: Relationship between sign and symptoms and severity of ADR 

0%

20%

40%

60%

80%

100%

Signs and Symptoms

Life threatening 1 2 4 9 3 0 1 5 1

Serious 17 9 10 11 1 3 4 6 3

Signif icant 1 0 0 0 2 0 0 2 0

Cardiovascular
Metabolic or 

renal
Neurological Digestive Haemorrhage Cutaneous Haematological Endocrinology Others

 
 

3.3.11 Multivariate analysis (Binary logistic regression analysis) 

Table 3.9 demonstrates the results from the multivariate risk factors analysis.  Risk 

factors which are independently associated with ADR were identified after adjustment 

for confounding factors.  The variables included as independent variables during the 

multivariate analysis were number of prescribed drugs in the ward, history of previous 

ADR, length of stay, certain class of medication and co-morbidity. 

 

Several variables were identified as statistically significant potential risk factors for the 

occurrence of ADR during hospital stay in elderly patients. They can be divided into two 

main categories: patient-related and medication.  
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The most important patient-related risk factors identified in this patient group was history 

of hyperlipidemia (odds ratio [OR]= 3.3; 95% CI 1.93-5.65), length of stay greater than 

12 days (OR=2.3; 95% CI 1.35-3.83), increased white blood cell count (OR=1.5; 95% CI 

0.94-2.55) on admission. The effect of these risk factors remained statistically significant 

after adjustment of several confounders.  

 

Use of hypoglycaemic agents (OR 1.9; 95% CI 1.04-3.49) during hospitalisation and use 

of eight or more drugs (OR 3.3; 95% CI 1.93-5.65) was identified as medication-related 

determinants that were associated with ADR in the older patients. The statistically 

significant effect remained even after multivariate analysis.  

 

Several other determinants such as age, history of ADR, gender, number of co-

morbidities, were not statistically significantly associated with a risk of ADR in the 

current study.  

 

The results of the analysis identified several variables that are related to the occurrence of 

ADR. Older patients with hyperlipidemia were three times as likely to have an ADR if 

all the other variables in the model remained constant. In addition, elderly patients with a 

length of stay more than and equal to twelve days were 2.2 times more likely to have an 

ADR. The use of eight or more number of medications increased the risk of having ADR 

3.3 times more than others. Finally, patients on hypoglycaemic agents were 1.9 times 

more likely to have ADR than those who did not take this drug. 

 

Compared to patients without ADR, those who experienced ADR during their inpatient 

stay were more likely to have multiple medications, have a longer length of hospital stay, 

have a history of hyperlipidemia, have a high white blood cell count on admission and 

also be prescribed with hypoglycaemic agents.  

 

The number of medication more and equal to eight was chosen for the final multivariate 

analysis. This cut-off value was chosen because it was found to produce the highest odds 

ratio (3.99) for different categories of total number of medications being taken in this 
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study. Other values of odds ratio for different numbers of medication are as follow; 6 

(OR 3.76), 7 (OR 3.53), 9 (OR 3.56), 10 (OR 3.54), 11 (OR 3.03), 12 (OR 3.32), 

and 13 (OR 3.19). Cut-off value of 8 has also been utilised in another study for model 

development (Onder et al., 2010). As for length of stay, the cut-off value of 12 days was 

chosen because the median hospital stay for the overall study sample was 12 days (IQR 

7-19).  

 

Table 3.9: Determinants associated with ADR before adjustment for confounders based 

on univariate analysis 

Variable 

 coefficient 

Frequency, No (%) 

Univariate Odds Ratio 

(95% CI) ADR 

N=86 

Without 

ADR 

N=604 

Number of medication ≥8 65 (76) 264 (44) 3.9 (2.38-6.69) 

Hyperlipidemia 21 (24) 63 (10) 2.8 (1.59-4.84) 

Length of stay ≥12 days 59 (69) 300 (50) 2.2 (1.37-3.59) 

Use of hypoglycaemic agents 20 (23) 64 (11) 2.6 (1.46-4.49) 

High white blood cell count on 

admission 
33 (38) 167 (28) 1.6 (1.02-2.61) 
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3.4 Discussion 

3.4.1 Characteristics of ADR in elderly 

Prospective studies focusing on ADR in hospitalised patients are usually inclined to 

concentrate on two groups of patients: patients who are admitted to hospital due to ADR 

that occurs while in the community, and also patients who experience ADR during their 

in-patient stay. There has been a large amount of interest worldwide in both of these 

groups. This has resulted in the publication of numerous articles periodically. Many of 

these studies were conducted in USA and only a portion focused on elderly patients.     

 

This is the latest study on the burden of ADR among inpatients in UK hospital settings 

and concentrates exclusively on older patients. This study also presents data on ADR 

occurring in older in-patients admitted to a dedicated stroke unit and also to general 

COTE wards.  

 

Patients were recruited for three months and this data collection period was repeated in 

the same months after one year interval thus avoiding variation or differences in patterns 

of admission and diseases during different seasons. This provides uniformity of the 

patients included and increases the applicability of the study.  

 

The results of this study showed that a considerable proportion (12.5%), about one in 

every eight older patients experienced ADR during their inpatient stay. The incidence of 

ADR in this population was comparable to the incidence figure of 14.7% in a large study 

conducted in the UK and published recently (Davies et al., 2009). However, this figure 

was slightly higher than the figure found in a systematic review which was around 3.5-

7.3% (Wiffen et al., 2002).  

 

Several studies focusing on the older population failed to verify the association between 

age as an independent risk factor contributing to the occurrence of ADR (Hallas et al., 

1990b, Carbonin et al., 1991, Atkins PA, 1994, Mannesse et al., 1997, Gray et al., 1998, 

Chan et al., 2001). Conversely, there are some studies successfully demonstrating age as 

a predisposing factor to ADR (Hanlon et al., 1997, Bates et al., 1999, Onder et al., 

2002a). However, the current study consists of a majority of very elderly (≥80 years) 
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patients, almost 83% of the study population, failed to show any association between age 

and ADR risk. A study conducted in The Netherlands also reported that ADR were 

highest for patients in their 5
th

 and 6
th

 decades and decreased thereafter (van den Bemt et 

al., 2000).  Then again the method used for the identification of ADR might play a role 

for the result of this outcome. Spontaneous reports from doctors, nurses and prompted 

reports from patients were used to identify ADR in this study. Nonetheless, the findings 

provide an opportunity to dispute the general view that ADR rate increases as people get 

older. Contrary to that, we found that there was no significant difference in the 

occurrence of ADR in an old group (<80 years old) compared to very older patients (≥80 

years).   

 

This study also showed that the number of ADR reported increases with the number of 

medicines prescribed during the in-patient stay and this correlates with previous studies 

(Hallas et al., 1990b, Mannesse et al., 1997, Chan et al., 2001, Nguyen et al., 2006). The 

current study identified that patients with ADR were taking a higher number of regular 

medications on admission compared to the non-ADR group. The risk of taking multiple 

medications and the occurrence of ADR is well established with the lots of supporting 

evidence available (Gholami and Shalviri, 1999, Onder et al., 2002a, Nguyen et al., 

2006). In fact, there is a overall consensus about the predictive power of a high number 

of medications prescribed during inpatient stay and the number of regular medications 

used on admission as an independent predictor of ADR (Carbonin et al., 1991, Bowman 

et al., 1996, Tran et al., 1998, Hanlon et al., 2006, Zopf et al., 2008). Routledge et al. 

reported that the risk of ADR increase exponentially as the number of medications 

increases (Routledge et al., 2004). Using a logistic regression model, Carbonin and 

colleagues (1991) reported that patients taking more than four drugs simultaneously on a 

medical ward have higher odds of having ADR (OR 2.94) as compared to those taking 

less than four medications (Carbonin et al., 1991). Using a different statistical technique 

of applying Receiver Operating Charasterictis (ROC) model, Zopf et al. established a 

slightly higher number of medications at more than ten drug prescriptions as a predictor 

of ADR (Zopf et al., 2008).  
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The length of hospital stay is significantly longer in patients with ADR compared to the 

non-ADR patient group in this study. Other studies have  found that  ADR result in an 

additional hospital stay of on average between 2 to 4 days (Wiffen et al., 2002). Davies 

and colleagues (2009) also reported that patients with ADR had a median length of stay 

of 20 days as compared to 8 days for those in the non ADR group. The relationship 

between length of stay and the occurrence of ADR is hard to clarify. Although the 

occurrence of ADR during inpatient stay may increase or prolong the hospital admission 

there is also the possibility that patients with a longer hospital stay are at an increased 

risk of developing ADR. Thus, it is hard to discriminate and reflect cause and effect for 

this condition (Spino et al., 1978, Davies et al., 2007).  

 

A possible reason for a longer hospital stay in older patients could be due to the time and 

resources required in planning a hospital discharge. The crucial need for 

multidisciplinary input and assessment for rehabilitation and social needs could be an 

important factor. Additionally, unavailability of beds in nursing homes, inadequate 

facilities at home to take care of older patients with certain condition and numerous other 

factors may also delay their discharge. This ultimately could increase the complexity of 

assigning an increase in length of stay to an ADR. 

 

Nonetheless, there are also studies which have effectively shown a conflicting 

association between length of stay and ADR occurrences. In one study focusing on 

patients more than 65 years old, Suh et al. found that there was no increase in length of 

stay with patients with ADR compared to an age-matched control group without ADR 

(Suh et al., 2000). They also reported that there is no increase in hospitalisation cost in 

patients with ADR. Yet another study found that patients who develop ADR during 

inpatient stay have a significantly longer hospital stay than patients without ADR, but 

was not significantly longer in patients admitted with ADR (Moore et al., 1998).   

 

The use of multiple medications for treatment among older patients can also contribute 

indirectly to the increased risk of ADR by increasing the possibility of drug interactions. 

One study had estimated that 35 to 60% of the older patients are exposed to potential 

drug-drug interactions (Doucet et al., 1996). and nearly 5-15% suffered clinically 
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significant adverse effects due to interactions (Lindley et al., 1992). In addition, older 

patients who are in need of multiple medications are often victims of „prescribing 

cascade‟ that frequently includes inappropriate medications, which may play a relevant 

role in the development of ADR (Rochon and Gurwitz, 1997, Spinewine et al., 2007a).   

 

Reports that people with ADR are more likely to have had a previous ADR history was 

not substantiated in the current study. A limited number of included patients could be a 

possible contributing factor for the outcome noticed. In the literature, inconclusive results 

also can be found regarding the impact of previous ADR on the risk of ADR (Atkins PA, 

1994, Chan et al., 2001). It could be possible that it is not just a previous history of ADR 

that is associated with the risk of ADR, but rather the type of reactions or the appropriate 

monitoring and documentation of a previous reaction. For example, patient with history 

of allergic reactions to penicillin is prescribed with penicillin because there is no clear 

documentation in the patient‟s medical notes.      

 

The current study also failed to verify the risk of gender as an independent risk factor 

although several studies have found that more females than males experience ADR 

(Leach and Roy, 1986, Bowman et al., 1996, Fattinger et al., 2000). However, gender as 

the risk factor for experiencing ADR still remains for debate (Carbonin et al., 1991, 

Bowman et al., 1996, Drici and Clement, 2001, Rademaker, 2001, Burgess et al., 2005, 

Zopf et al., 2008).  

3.4.2 Implicated drugs and severity of ADR 

Cardiovascular drugs were identified as the foremost drug class causing ADR in this 

study population consisting of 34% of the overall 95 events identified. This was followed 

by analgesics (16%), hypoglycemics agents (13%), antibiotics (13%), psychotropics 

(10%), and anticoagulants (4%). The remaining 12% were categorised under other drug 

classes.  Conversely, hypoglycaemic agents including insulin and gliclazide identified to 

be the commonest drug type causing ADR in the current study. The high number of ADR 

caused by cardiovascular agents may be explained by the high usage of this medication 

group in the elderly population (Gray et al., 1998, Hiitola PK, 2007). 
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The drugs commonly implicated in ADR which were found in this study are similar to 

the other studies focusing on hospital inpatients (Leach and Roy, 1986, Davies et al., 

2009). Studies published almost five decades ago have reported antibiotics, diuretics, 

cardiac glycosides, and hypoglycaemic agents as the most frequently linked to ADR 

(Schimmel, 1964, Seidl et al., 1965, Smith et al., 1966, Ogilvie and Ruedy, 1967). 

Subsequently, three decades later, the list of the culprit drugs remains unchanged 

(Classen et al., 1997, Moore et al., 1998). In a recent systematic review, the author again 

identified cardiovascular agents and analgesic medications implicated in almost half of 

the cases of ADR, followed by psychotropic and hypoglycaemic agents. Interestingly, all 

of these drug classes contribute to the majority of life threatening ADR found in older 

patients in the current study. Cardiovascular drugs were also found to be implicated in 

17.9% of preventable ADR in a review of 10 studies (Kanjanarat et al., 2003). Hence, 

future study focusing on ways to reduce ADR should consider cardiovascular drug as an 

important agents in their preventative strategies.   

 

Likewise, opiod analgesics, diuretics, systemic corticosteroids, anticoagulants, and 

antibiotics were the most frequently implicated drugs in a recently published UK based 

inpatient study (Davies et al., 2009). However, there were only three cases of ADR 

caused by systemic corticosteroid identified in this study. This could be due to the fact 

that the careful prescribing and monitoring of corticosteroids in elderly patients might 

contribute to less ADR due to this drug. Davies et al also listed the top three drug causing 

ADR by adjusting the number of times it was prescribed or in other words the frequency 

of prescriptions. Drugs implicated were warfarin, fibrinolytics, and unfractionated 

heparin. These drugs were not commonly associated with ADR in the current study 

although the analysis was not done for adjusting for the frequency of prescriptions.  

 

In a systematic review conducted recently, antiplatelet medications, diuretics, non 

steroidal anti-inflammatory drugs (NSAIDs), and anticoagulants were identified as the 

drug groups most commonly associated with preventable drug-related admissions 

(Howard et al., 2007). Yet again, these drugs can be categorised as the most common and 

frequently used drug classes although a considerably different trend can be noticed in the 

older population. Continuous and thorough monitoring to all patients who are prescribed 
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these medications would help in reducing the future occurrence of ADR by these 

medications.      

3.4.3  Risk factors associated with ADR 

The number of co-morbidities, impaired renal function, the number of medications on 

admission, the number of medications during inpatient stay, and length of stay were 

identified as the most important patient-related variables causing ADR. In addition, 

several types of medications and co-morbidities were also identified as equally 

imperative as contributing factors for the occurrence of ADR in other studies.   

 

Five variables were established as independently influencing the risk of an elderly person 

developing an ADR: use of eight or more medications, use of hypoglycaemic agents, 

history of hyperlipidemia, raised white cell count on admission, and length of stay more 

than or and equal to twelve days were significantly associated with ADR occurrences. 

These variables were adjusted for nine potential confounding factors using logistic 

regression analysis. In fact, previous studies carried out in a variety of settings and 

different age groups have also identified potential risk factors associated with ADR 

(Gurwitz and Avorn, 1990, Carbonin et al., 1991, Kando et al., 1995, Dormann et al., 

2004, Caamano et al., 2005, Zopf et al., 2008, van der Hooft et al., 2006). 

 

The differences identified in the methods employed in these studies contribute to the 

variability in the outcome. The methods of identifying ADR, inclusion criteria for ADE 

or ADR, evaluation scores used, statistical methods utilised and the variables examined 

were the differences identified. Currently only few multicentre studies have used the 

„gold standard‟ of pharmacovigilance, an intensive method of identifying ADR 

prospectively. In addition, the application of multiple regression models encompassing 

the data from pharmacovigilance studies are rare and low.  

 

While the number of medications patients are taking on admission and during inpatient 

stay was found to be a significant factor for ADR occurrence, multivariate analyses also 

identified hypoglycaemic agents as influencing the ADR occurrence in elderly patients. 

These drugs are extensively prescribed and frequently administered in an elderly 
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population with diabetes; they are also known to be responsible for 13% of all ADR 

occurring in hospital inpatients. Insulin was identified as the major culprit in this group. 

The increased half life of insulin and gliclazide in elderly patients especially due to aging 

may increase the risk of ADR in an elderly population.   

 

Hyperlipidemia and increased WBC count on admission are among the two variables 

retained in multivariate analysis after adjusting for confounding factors. The finding is 

inconclusive and the mechanism that could explain the relationship between these 

variables and the occurrence of ADR is not clear. However, hyperlipidemia could be a 

proxy measure for those patients who are taking cardiovascular drugs, which is the most 

common drug class associated with ADR. This can explain the relationship between 

ADR and hyperlipidemia.  

 

The relationship between hyperlipidemia and ADR can also be described using 

systematic association and explanation. Hyperlipidemia or elevated lipid or cholesterol 

levels are known to be associated with an increased risk of coronary heart disease (CHD) 

and is prevalent in older patients. Lipid-lowering treatment is recommended and has been 

shown to reduce CHD mortality and morbidity in the elderly. Conceivably, the emphasis 

on this treatment may contribute to the occurrence of ADR. The high use of statins (or 

HMG-CoA reductase inhibitors) increases the possibility to drug-drug interactions 

through liver enzyme activation and inhibition especially through cytochrome P450 

enzyme CYP3A4, which is involved in the metabolism of most statins. Indeed, 

consumption of drinks such as grapefruit juice can also easily increase the risk of the 

adverse effects of statins. Furanocoumarins in grapefruit juice inhibit the CYP3A4 which 

increases the serum concentration of some statins, especially lovastatin and simvastatin, 

which could increase the dose-related adverse affect seen, these include myopathy or 

rhabdomyolysis (Kiani and Imam, 2007).     

In addition, intracellular mechanisms could also be applied to explain the relationship 

between hyperlipidemia and ADR. Hyperlipidemia may induce vascular oxidative stress, 

which is an important factor in the pathogenesis of atherosclerosis (Cai and Harrison, 

2000). However, the mechanism of the relationship between hyperlipidemia and toxic 

reaction products, such as oxidative or nitrosative, which are linked with stress in 
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vasculature and in myocardium is still indecisive (Puskas et al., 2004). Animal studies 

using a rat heart as a model have shown that moderate hypercholesterolemia combined 

with a marked hypertriglyceridemia leads to a moderate contractile dysfunction (Onody 

et al., 2003). They also discovered an increase in the formation of a toxic reaction 

product of either superoxide and nitric oxide in the diet-induced hyperlipidemia rat 

myocardium, known as peroxynitrite. Peroxynitrite has the ability to induce DNA 

damage resulting in complex cellular effect which may contribute to the development of 

contractile dysfunction seen in hyperlipidemic rats. The mechanism of contractile 

dysfunction was explained in another study where they reported DNA damage induced 

by peroxinitrite increasing lipid peroxidation and causing post-translational modification 

of protein (e.g. nitration, oxidation of thiol groups). This will either activate (e.g. Poly-

ADP-ribose polymerase, matrix metalloproteinases) or inhibit (e.g. aconitase, superoxide 

dismutase) certain enzymes (Pacher et al., 2005). It is possible that an older patients with 

hyperlipidemia may experience these changes which contribute to the alteration in the 

pharmacokinetics of medication taken thereby, increasing the chance of experiencing 

ADR.       

 

Another variable found to be a significant cause of ADR in older patients was increased 

WBC count on admission. Increased WBC count could be a proxy measure for those 

patients taking antibiotics. Evidence has shown antibiotics as one of the common drug 

classes which causes ADR (Davies et al., 2007). In addition, patients with an elevated 

WBC during their hospital admission will be on multifaceted treatment or medication for 

infection, which may increase the possibility of drug interactions. There is also a high 

possibility of prescribing similar type of drug classes to patients with a previous history 

of drug allergy. Older patients who are admitted with high WBC count may also present 

with dehydration due to the increased body temperature. Decreased fluid intake and 

increased fluid loss can affect the volume of distribution of certain medication which 

then increase the concentration of the drug and the chances of dose related adverse effect. 

Raised temperature (OR=1.6; 95% CI 1.1-2.3) was identified as an independent 

predictors of ADR after multivariate regression analysis (Zopf et al., 2008). However, the 

mean age of the study population was 60 ± 16 years which is significantly lower than the 

current study. Nevertheless, older patients could be more vulnerable to raised 
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temperature as compared to younger population. Another condition which is associated 

with higher WBC count is malignancy. Exclusion of patients with active malignancies in 

the study ruled out malignancy as a contributing factor for ADR occurrence.        

 

Several medications such as cardiac glycosides (digoxin), antidepressant, salbutamol and 

drugs with a narrow therapeutic window were identified as significant risk factors in 

other studies (McElnay et al., 1997, Davies et al., 2007, Howard et al., 2007). However, 

the current study failed to validate these findings. Salbutamol was 1 of 11 drugs which 

most frequently led to ADRs in a study of 9148 patients (mean age 67.1 ± 0.17 years) 

conducted in Italy. These important drug classes including corticosteroid were not found 

to be significantly increase the risk of ADR. However, the use of eight or more 

medication was identified as an independent predictor for ADR.  Hence, the combination 

of these common drug classes likely contributes its significant as risk factors.   

 

The presence of organ impairment especially renal and liver insufficiency and also 

increasing age are often identified as potential significant risk factors of ADR in 

univariate analysis in several studies (Tschepik et al., 1990, Carbonin et al., 1991, 

Bowman et al., 1996, Caamano et al., 2005, Trifiro et al., 2005, Hanlon et al., 2006). We 

were not able to replicate this finding in multiple regression models. This is in line with 

several studies using multivariate analysis based on data attained by intensive 

pharmacovigilance methods (Bowman et al., 1996, Gray et al., 1998, Caamano et al., 

2005).   

 

The role of renal impairment as an independent risk factor for the occurrence of ADR is 

well established especially when focusing on certain drug class such as digoxin (Pedone 

et al., 2005). Interestingly, the association between impaired renal function and ADR was 

not substantiated in this study. This could be explained by high awareness among 

healthcare professionals on the alteration of drug metabolism in renally impaired 

individuals. Hence, the drug and dosage used in older patients are usually adjusted to 

account this condition.  
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Another variable which were not identified as significant risk factor in the current study 

was alcohol intake. High rates of missing data (35%) on alcohol consumption in the 

current study might explain this finding. In a retrospective analysis of elderly medical 

patients, moderate alcohol intake was associated with an increase in ADR with more 

evidence in women (Onder et al., 2002b, Onder et al., 2002c). Carbonin et al also showed 

a positive correlation between alcohol consumption with ADR occurrence in hospitalised 

patients in geriatric and internal wards (Carbonin et al., 1991). In contrast, alcohol 

consumption also has been found to prevent ADR (Zopf et al., 2008). The conflicting 

evidence of ADR and alcohol consumption could be related to the studies being 

conducted in different patient groups.              

 

One of the advantages of this study compared to preciously published work relating to 

this area is the prospective nature of the study. The nature of the study allows for a more 

accurate recording of the variables causing ADR and also an easier and accurate 

assessment of drug causality, preventability and severity.  

3.4.3.1  LIMITATION 

One of the major limitations of this study relates to the generalisability of the results. 

There is no data available on 243 patients who were admitted to the study wards but were 

missed by the investigators. Comparison of the two groups of patients who were 

recruited and missed by the investigators during the study period would allow us to be 

able to see if there are any significant differences in age, gender, day of admission, length 

of stay and also the primary diagnosis on admission. However, only information on age 

and gender of all eligible patients admitted to the study ward and the whole hospital 

during the study period were obtained using an existing electronic database. The results 

showed that patients included in the current study are representative of the overall 

population of patients admitted to study hospital.  

 

Strict and robust methods utilised in the study especially in the process of identification 

and classification of ADR may contribute to the underestimation of the frequency of 

ADR that occur in the ward. A careful three step approach (trigger list, confirmation by 

physician, and independent reviewer assessment) were likely to be contributing factors in 
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the underestimation of the ADR incidence. On the other hand, the vigorous method 

applied in the study would enhance the reliability of the results by producing results with 

high specificity (Leendertse et al., 2008).   

 

Nevertheless the estimates of the incidence of ADR that occur during ward stay 

especially in the older patients should be treated with caution. This is because only 

patients seen by the primary investigators admitted to the four wards in the hospital were 

considered for incidence calculation. The study sample may not be fully representative of 

all elderly patients admitted to hospital. It may also not represent other hospitals 

throughout the UK. However we anticipate that it is unlikely that the results would have 

been substantially different. In addition, our findings were similar to median figures from 

a recent systematic review.  

 

Another clear limitation is that this study was conducted in only one hospital. There 

might be a high possibility that there is a variation in different hospitals throughout the 

UK especially urban and non-urban hospitals. Ethnic variation or differences in the local 

population characteristics may also contribute to the variation. The type of hospital 

where study conducted could also contribute to the generalisability of the finding.  

 

In addition, the study population was from a specialist elderly care unit in a large 

teaching hospital. The availability of different specialties within the hospital and a 

medical geriatric ward focusing only on very elderly patients also contributes to the 

uniqueness of this finding. In addition, the distribution and gender of patients admitted to 

the study wards was comparable to figures for all in-patient admissions in England 

(Department of Health, 2009).   

 

Review by a specialist geriatrician at least once during the hospital stay may results in 

good prescribing practice and provides an opportunity in preventing ADR occurrences. 

The availability of a ward pharmacist, specialising in the field of geriatric medicine, or 

the presence of a pharmacy service on the ward can also help in identifying ADR in 

advance. Therefore, indirectly reducing the occurrence of ADR which contribute to the 

variable ADR rate in this study. Moreover, post-take and mid-take ward rounds led by a 
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consultant or occasionally a senior registrar also contribute to the identification of drug 

related problems before they start to harm the patients.       

 

The frequency or prevalence of co-morbidities reported especially in the older patients 

may not represent the prevalence of the population. Variation in the patient clerking, 

poor documentation, inadequate information on medical notes and the ability of older 

patients to provide accurate information may contribute to this. However, the prevalence 

of co-morbidities reported in this study is comparable to the published studies related to 

UK population except for certain conditions such as liver disease.      

 

There are also other important drawbacks from the study that need to be considered 

during the interpretation of this study.  Only the total number of regular medication that 

patients were taking prior to hospital admission was considered in the final analysis as 

the total number of medication prior to admission.  All medications which were 

prescribed in the ward, including as needed medications, were considered in the final 

analysis for the total number of medication during in patient stay.  In addition, limited 

numbers of potential predictors for ADR in the elderly were incorporated in the study. 

Additional clinically related variables such as co-morbidity scores (eg. Charlson 

Comorbidity Index), cognitive status during the hospital stay, and daily evaluation of 

vital signs during admission should be considered in the future studies relating to 

prediction and model development. 

 

The classification of the medication in future studies should be based on standardised 

classification of drug prescription, the Anatomical Therapeutic Chemical Classification 

(ATC) System. This classification system divides drugs  into different groups according 

to the organ or system on which they act and their therapeutic and chemical 

characteristics (Anon, 2006). It was first published in 1976 and is controlled by the WHO 

Collaborating Centre for Drug Statistics Methodology.   

 

The Hawthorne effect should not be ignored in the current study as the nurses, physicians 

and pharmacists who were working in the ward were all aware of the nature of the study. 

There is a possibility that this could impact on the prescribing practice and therefore 
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could alter the validity of the results.  However, it can have an effect on both the 

occurrence and also detection of ADR which might be an advantage to the outcome 

noticed.   

 

Despite all the limitations discussed, the robust method of case identification and 

validation by an independent reviewer increases confidence in the validity of the 

findings.  The methods utilised were comparable with rigorous studies previously 

reported. This minimizes the risk of misclassifying cases and increases the reliability of 

the findings (Hallas et al., 1992, Dartnell et al., 1996, Cunningham et al., 1997, 

Winterstein et al., 2002). Explicit criteria were applied to guide the assessment of 

suspected cases and each case was reviewed by an independent observer to further 

strengthen the findings. In addition, the two time periods chosen for the study could give 

an elevated value for the rate of ADR identified. The study was conducted during winter 

season (January to March) which is considered peak period. A higher workload and 

introduction of new doctors (early February) could contribute to the occurrence of ADR 

in older patients.   

 

3.5 Conclusion  

The incidence of ADR reported in this study was consistent with published data. One in 

every eight older patients admitted in the wards experienced ADR during their inpatient 

stay and two out of three cases were judged as either serious or life threatening. Over two 

third of the ADR identified in this population were deemed possibly or definitely 

preventable in this study. 

 

The number of medications prescribed in the ward, length of hospital stay (≥12 days), 

increased WBC count on admission, use of hypoglycaemic agents in the ward, and 

history of hyperlipidemia were significantly associated with an increase in ADR in older 

patients. Interestingly, several other important risk factors which have been shown to 

contribute to the occurrence of ADR in younger population were not substantiated in 

older population.      
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This chapter provides the evidence that the incidence of ADR is relatively common in 

older patients and 63% of these cases could potentially be prevented if certain measures 

are taken. Additionally, there is also data confirming that the rate of ADR is increased in 

older patients as shown in previous meta-analyses although the rate remains relatively 

constant as patients gets much older i.e above 80 years. Although the recognition of 

ADR is quite challenging in older patients, the prospective nature of identifying cases 

and classification of suspected events by independent reviewers increases the reliability 

of the findings. Further effort to develop and design a preventative strategy should be 

continued as there is a constant need to provide better health care especially in an aging 

population.     

 

The following chapter in this thesis will focus on the inter-observer reliability between 

doctors and pharmacists in the classification of ADR, severity, and preventability. The 

methods and the results obtained from this will be discussed in detail in the following 

chapter.   
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CHAPTER 4  INTER OBSERVER RELIABILITY FOR 

CLASSIFICATION OF ADR  

 

4.1 Introduction 

The growing interest in patient safety has attracted various healthcare professionals 

including physicians, pharmacists, and nurses to be actively involved in conducting 

research in this area.  Involvement by individuals from different background specialties 

contributes to the variation in the outcome measures; besides posing a great challenge in 

the identification and consistent rating of ADR.  The complexity and sophistication of 

the clinical decision making which is based on the knowledge, previous experience and 

available information about the particular event, also may contribute to the variation 

noticed.   

 

One of the ultimate targets in performing such research is to discover multiple ways to 

reduce or prevent the occurrence of medication related problems, particularly preventable 

ADR.  Comprehensive data on frequencies, types, and also on degrees of preventability 

of such events is also essential to develop preventative strategies. Hence, the concept of 

reliability (or reproducibility) of the classification process is equally vital to provide 

standard information for comparison in future study.   

 

Classification of events usually requires judgement from several independent reviewers. 

They must be able to identify and recognise the distinction between events caused by 

medication, due to patient‟s disease or other medical conditions.  Thus, the latest and up 

to date clinical and drug knowledge, including the safety profile of certain drugs, is 

important for accurate decision making. The majority of studies utilise at least two 

physicians to make judgements on the causality of ADR (Chan et al., 2001, Kaushal et 

al., 2001, Pirmohamed et al., 2004).  However, pharmacist‟s knowledge on 

pharmacology and the mechanism of drugs could make a salient contribution in making a 

robust decision in identification and classification of ADR. This will provide a different 

perspective from a pharmaceutical care point of view on patient‟s conditions.  
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Due to the challenges in making a diagnosis of an ADR, it is important to achieve 

consistent agreement between health care professionals in identifying ADR cases. 

Agreement is also necessary in the classification of severity and preventability of ADR 

cases, which are more complex task and depend totally on individual judgement based on 

readily available information during the assessment process.   

 

There are two main approaches available in the assessment of causality, preventability, 

and severity of ADR: explicit and implicit peer review process.  The explicit method is 

usually a preset of review indicators. For example, the most commonly used explicit 

criteria for causality is Naranjo algorithm (Naranjo et al., 1981) and Hallas criteria 

(Hallas et al., 1990b).  The implicit method is based on an expert‟s judgement for 

indicators based on individual patient cases. It has more face validity as compared to 

explicit criteria (Agbabiaka et al., 2008).  Another advantage is the ability to self-update, 

through the use of current expert advice, which assists in reflecting the full scope of the 

clinical decision based on a particular patient.  However, implicit criteria are regarded as 

unstructured and has always generally demonstrated little methodological rigor.  It is also 

well documented for its low reliability as a peer review method. However, by relying on 

individual judgement the risk is that, there is a high tendency for certain reviewers to 

judge consistently more leniently or severely.  This may be the main cause for the low 

reliability noticed for this method.  

 

In order to develop a strategy to reduce or prevent the occurrence of ADR, the issue of 

identification of ADR needs to be tackled first.  Equally, the concept of reliability and 

validity in the method employed are also fundamental.  Reliability is a term used to refer 

the ability of various raters or reviewers in achieving the same decision about a particular 

judgement.  Reliability focuses on the consistencies of ratings (Brennan et al., 1989).  

Whereas, validity refers to the accuracy or the extent to which a measurement by a rater 

approximates the true value (Nunnally, 1978).  A validity test was not conducted in the 

current study as there is no current „gold standard‟ available for direct comparison with 

our data.   
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Several studies have been published reporting the reliability of identification of 

medication related problems in hospitalised patients.  Most of these studies focused on 

the general hospitalised patient population (Bates et al., 1993, Bates et al., 1995a, Bates 

et al., 1995b, Cunningham et al., 1997, Gurwitz et al., 2000, Gurwitz et al., 2003, Field et 

al., 2004) and also, some studies have looked at paediatric patient groups (Kaushal et al., 

2001, Kozer et al., 2002, King et al., 2003, Potts et al., 2004, Kunac et al., 2006). The 

current study has been initiated by the lack of focus on the elderly population.  

 

The objective of this study was to assess the agreement between reviewers especially 

between the pharmacist and physicians in identifying the occurrence of a medication 

related problem (ADR, potential ADR, and medication error) in hospitalised elderly 

patients, based on information provided by the investigator.  In addition, the agreement 

in classifying all ADR cases based on the preventability, severity and type of ADR, using 

recognised previously published implicit criteria, was also assessed.       

4.2 Methods 

A prospective review was conducted from January to March 2007 at the Royal Sussex 

County Hospital, Brighton.  Elderly patients (≥ 65 years) admitted to either the Stroke 

Unit or the Care of the Elderly (COTE) wards were included in the study.  Patients were 

monitored for the occurrence of medication related event types using a comprehensive 

chart review, from a standardised data collection form by a primary investigator, and also 

from recorded incidents by healthcare professionals.  

 

The primary outcome of this sub-study was the occurrence of ADR, potential ADR and 

medication errors (Kunac et al., 2006). All suspected medication related incidents 

(N=113) were analysed by four healthcare professionals who independently classified the 

events into ADR, potential ADR or medication error. All the 113 suspected medication 

related events were taken from the preliminary study.  Of the 113 cases, 99 (88%) are 

individual cases from patients more than 80 years old.  

 

The independent reviewers included two physicians and two pharmacists. Prior to the 

classification process, the reviewers were given an introduction to the definition and also 



 

102 

 

a few examples of the drug related incidents, to familiarise themselves with the process.  

A clear guideline containing the definition, example cases for each different event 

categories and subcategories, and instructions for completing the reviewer form, was 

prepared and explained to the reviewers. The primary investigator presented all suspected 

cases (n=113) in separate sessions with each of the reviewers. The classification process 

was carried out on a number of occasions for each reviewer with an average of 25 cases 

during each session. A standardised form was used during the classification process by 

the all reviewers (Appendix 2).    

 

An independent decision for diagnosis of ADR from each reviewer was obtained for each 

suspected case.  For each case classified as ADR by the independent reviewer, further 

sub-classification on; causality (definite, probable, possible, non-ADR event) (Hallas et 

al., 1990b), level confidence of diagnosis (slight to moderate confidence, less than 50% 

confidence but a close call, more than 50% confidence but a close call, strong 

confidence, virtually certain, and non-ADR event) (Gurwitz et al., 2003), preventability 

(definitely preventable, possibly preventable, non-preventable, un-evaluable, non-ADR 

event) (Hallas et al., 1990b), severity (life threatening, serious, significant, non-ADR 

event) (Morimoto et al., 2004), and type of ADR (type A or B, non-ADR event) (Rawlins 

and Thompson, 1977) was done.  A subcategory (non-ADR event) was added in each 

sub-classification in order to provide a choice for the reviewer, for any non-ADR cases 

and also to standardise the analysis process.    

4.2.1 Statistical analysis 

The analysis for inter observer reliability for key judgements on event type, types of 

ADR, causality, confidence level, preventability, and severity were calculated using SAS 

for Windows Version (SAS Institute Inc., SAS 9.1.3, Cary, NC: SAS Institute Inc., 2002-

2005).  The kappa statistic ( ) were calculated to assess the reliability of the judgements 

among the four reviewers.  Two-way kappa analysis was performed to evaluate 

reliability between reviewer pairs and four-way kappa was used to evaluate the reliability 

of all four reviewers.  

Cohen‟s kappa ( ), or commonly known as kappa statistic, is a statistical method used to 

assess and quantify the reproducibility of the observer‟s agreement.  It is a method used 
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to identify whether the same results can be achieved by two or more observers if similar 

methods of measurement were applied to measure certain variables.  In this chapter, 

kappa statistics were utilised to evaluate the extent to which four individuals agree in 

classifying events into event types and into other classifications.  

 

Kappa statistic is usually dependent both on the number of categories and also the 

prevalence of certain conditions.  A greater value of kappa is obtained if there are fewer 

categories. Comparison of kappa from several different studies needs careful 

consideration and the data should be analysed cautiously.  Thus, the use of  as a more 

general measure of agreement within a particular set of data is limited.  It is important to 

note that kappa is not a general measure of agreement between raters but only of their 

agreement in a particular situation (Armitage et al., 2004). 

 

 of 1 implies perfect agreement between individuals and =0 suggests that the 

agreements obtained are not better than that chance alone.  Although, there is no 

universal standard in classifying the kappa value that reflects reliable judgement, 

commonly recognised ranges are; poor agreement for  less than 0, slight agreement for 

 between 0.01-0.2, fair agreement (0.21-0.40), moderate agreement (0.41-0.60), 

substantial agreement (0.61-0.80) and almost perfect agreement for values between 0.81-1 

(Landis and Koch, 1977).  Table 4.1 shows the agreement level and related kappa value.  
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Table 4.1 Classification of agreement level 

Range of  Description of agreement level 

< 0.00 Poor agreement  

0.01-0.20 Slight agreement  

0.21-0.40 Fair agreement  

0.41-0.60 Moderate agreement  

0.61-0.80 Substantial agreement  

0.81-1.00 Almost perfect agreement   

(Source:  (Landis and Koch, 1977) 

 

4.3 Results 

4.3.1 Details of reviewers 

Table 4.2: Description of reviewers involved in this study 

Present post 
Experience of clinical practice 

(number of year qualified) 

Code 

Consultant Physician 

(Care of the Elderly) 
13 Physician 1 (CP) 

Junior doctor (FY2) 

(Care of the Elderly) 
2 Physician 2 (JP) 

Senior Pharmacist 

(Risk and Governance) 
20 Pharmacist 1 (RG) 

Senior Pharmacist 

(Care of the Elderly) 
10 Pharmacist 2 (SP) 
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All four independent reviewers involved in this study were selected using the purposive 

sampling method and based on their professions and availability. Both physicians and 

pharmacists were equally represented for reviewing and categorising selected cases, 

based on information provided.   

 

All reviewers were given training in classifying a drug related incident as either; ADR, 

medication error or as a non-drug related event, the exception being the classification for 

potential ADR.  The agreement between all four reviewers regarding event type ranged 

from “substantial” for potential ADR to “almost perfect” for the occurrence of ADR and 

medication error.  Overall, using all four categories of events, “almost perfect” 

agreement was found between the reviewers (Table 4.3). Pharmacist 2 has a tendency to 

classify an event as medication error rather than potential ADR, whereas Physician 1 

tends to classify most of the event as potential ADR rather than actual ADR.  A fine line 

between the definitions of these events might contribute to the confusion noted. 

However, predefined examples of events were given before the review process to 

overcome this problem.    
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Table 4.3: Inter-observer reliability for all four reviewers for type of event 

Event type 

Frequency reported by each reviewer, N (%) 

 (95% CI) 
Physician  

1 (CP) 

Physician  

2 (JP) 

Pharmacist  

1 (RG) 

Pharmacist  

2 (SP) 

Medication 

Error 

44 (38.9) 44 (38.9) 45 (39.8) 50 (44.2) 0.90 (0.82-0.97) 

Potential ADR 15 (13.3) 22 (19.5) 15 (13.3) 9 (8.0) 0.70 (0.63-0.78) 

ADR 50 (44.2) 42 (37.2) 50 (44.2) 49 (43.4) 0.90 (0.83-0.98) 

Non-drug 

incident 

4 (3.5) 5 (4.4) 3 (2.7) 5 (4.4) 0.85 (0.78-0.93) 

Overall agreement 0.88 (0.84-0.92) 
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Table 4.4 shows the level of agreement between all four reviewers for types of ADR. The 

agreement for this particular section was “almost perfect” for both type A and B. The 

reviewers also seem to be consistent in classifying non-ADR events which could be due 

to this classification being less complex. 

 

Table 4.4: Inter-observer reliability for all four reviewers for type of ADR  

Types of ADR 

Frequency reported by each reviewer, N (%) 

 (95% CI) 
Physician  

1 (CP) 

Physician  

2 (JP) 

Pharmacist  

1 (RG) 

Pharmacist  

2 (SP) 

Type A  49 (43.4) 41 (36.3) 49 (43.4) 48 (42.5) 0.93 (0.85-1.00) 

Type B 1 (0.9) 1 (0.9) 1 (0.9) 1 (0.9) 1.00 (0.92-1.08) 

Non-ADR 

event 

63 (55.8) 71 (62.8) 63 (55.8) 64 (56.6) 0.93 (0.85-1.00) 

Overall agreement 0.93 (0.86-1.00) 

 

Causality assessment is a formal way to characterise the relationship between the drug 

and the ADR.  This was accomplished using Hallas criteria (Hallas et al., 1990b).  Only 

“fair” agreement between the reviewers was achieved in classifying ADR as probable 

ADR. However, “moderate” agreement was attained for classifying ADR as either 

definite or possible, although the reviewers achieved “almost perfect” level of agreement 

for classification of non-ADR events.  Overall, “substantial” agreement was found 

between reviewers for causal relationship classification, based on previously published 

criteria (Table 4.5).  
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Table 4.5: Inter-observer reliability for all four reviewers for causal relationship 

assessment (Hallas Criteria)  

Causal 

relationship 

Frequency reported by each reviewer, N (%) 

 (95% CI) 
Physician  

1 (CP) 

Physician  

2 (JP) 

Pharmacist  

1 (RG) 

Pharmacist  

2 (SP) 

Definite 15 (13.3) 7 (6.2) 15 (13.3) 7 (6.2) 0.49 (0.42-0.57) 

Probable 15 (13.3) 9 (8.0) 20 (17.7) 21 (18.6) 0.35 (0.27-0.42) 

Possible 20 (17.7) 26 (23.0) 15 (13.3) 21 (18.6) 0.48 (0.41-0.56) 

Non-ADR 

event 

63 (55.8) 71 (62.8) 63 (55.8) 64 (56.6) 0.93 (0.85-1.00) 

Overall agreement 0.64 (0.59-0.68) 
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Table 4.6: Inter-observer reliability for all four reviewers for confidence level 

Confidence level 

Frequency reported by each reviewer, N (%) 

 (95% CI) 
Physician  

1 (CP) 

Physician  

2 (JP) 

Pharmacist  

1 (RG) 

Pharmacist  

2 (SP) 

Slight to moderate 

confidence 

5 (4.4) 2 (1.8) 0 (0) 0 (0) 0.35 (0.27-0.42) 

<50% confidence 

but a close call 

14 (12.4) 2 (1.8) 0 (0) 4 (3.5) 0.16 (0.08-0.23) 

>50% confidence 

but a close call 

11 (9.7) 21 (18.6) 14 (12.4) 20 (17.7) 0.29 (0.21-0.36) 

Strong confidence 18 (15.9) 13 (11.5) 20 (17.7) 19 (16.8) 0.19 (0.11-0.26) 

Virtually certain 2 (1.8) 4 (3.5) 16 (14.2) 6 (5.3) 0.25 (0.18-0.33) 

Non-ADR event 63 (55.8) 71 (62.8) 63 (55.8) 64 (56.6) 0.93 (0.85-1.00) 

Overall agreement 0.50 (0.46-0.55) 

 

„Level of confidence‟, is a type of implicit method used to assess the relationship 

between the drug and ADR. The Likert scale which was adapted by Gurwitz et al. was 

utilised in this study (Gurwitz et al., 2003). “Perfect” agreement was achieved in 

classifying an event as non-ADR by the reviewers (Table 4.6).  However, only “fair” to 

“slight” agreement was achieved in other categories of the confidence level.  Lower 

agreement, observed among the reviewers, confirmed the existence of internal variability 

among individuals, especially in the level of confidence to diagnose ADR cases.  Overall, 

„moderate‟ agreement was found between reviewers.        
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Agreement between reviewers regarding preventability is shown in table 4.7. The overall 

agreement for the preventability of ADR was “moderate”, showing the difficulties in 

classifying ADR as either preventable or not.  The agreements ranged from, “slight” to 

“substantial” for non-preventable and definitely preventable, respectively.  

 

Table 4.7: Inter-observer reliability for all four reviewers for Preventability 

Preventability 

Frequency reported by each reviewer, N (%) 

 (95% CI) 
Physician  1 

(CP) 

Physician  2 

(JP) 

Pharmacist  

1 (RG) 

Pharmacist  

2 (SP) 

Definitely 

Preventable 

45 (39.8) 45 (39.8) 56 (49.6)  53 (46.9) 0.68 (0.60-0.75) 

Possibly 

preventable 

44 (38.9) 53 (46.9) 36 (31.9) 43 (38.1) 0.47 (0.39-0.54) 

Non-preventable 3 (2.7) 7 (6.2) 14 (12.4) 12 (10.6) 0.20 (0.12-0.27) 

Unevaluable 17 (15) 3 (2.7) 4 (3.5) 0 (0) 0.24 (0.16-0.31) 

Non-drug 

incident 

4 (3.5) 5 (4.4) 3 (2.7) 5 (4.4) 0.85 (0.78-0.93) 

Overall agreement 0.52 (0.47-0.57) 

 

 

The levels of agreement for the severity of an ADR were shown in Table 4.8. Agreement 

was only “fair” in the severity category of “significant”.  The strength of agreement was 

only „substantial‟ for both life threatening and serious events.  The overall agreement 

obtained for this category was only “substantial” considering the difficulties in 

classifying severity of illness in ADR. 
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Table 4.8: Inter-observer reliability for all four reviewers for Severity 

Severity 

Frequency reported by each reviewer, N (%) 

 (95% CI) 
Physician  1 

(CP) 

Physician  2 

(JP) 

Pharmacist  

1 (RG) 

Pharmacist  

2 (SP) 

Life threatening 5 (4.4) 6 (5.3) 6 (5.3) 11 (9.7) 0.67 (0.60-0.75) 

Serious 39 (34.5) 27 (23.9) 32 (28.3) 20 (17.7) 0.61 (0.53-0.68) 

Significant 6 (5.3) 9 (8.0) 12 (10.6) 18 (15.9) 0.39 (0.31-0.46) 

Non-ADR 

event 

63 (55.8) 71 (62.8) 63 (55.8) 64 (56.6) 0.93 (0.85-1.00) 

Overall agreement 0.66 (0.61-0.71) 

 

4.3.2 Level of agreement between reviewer pairs 

The level of agreement between reviewer pairs for; event type, causality, preventability 

and severity is illustrated in Table 4.9.  The agreement level between the pairs can 

divided in to three different categories as shown below. 

 

1. Between two pharmacist  [Pharmacist 1 (CP) and 2 (RG)] 

2. Between two physicians [Physician 1 (JP) and 2 (SP)] 

3. Pharmacist versus physician [(CP vs RG), (CP vs SP), (JP vs RG), (JP vs SP)] 
 

 

 

 

 

 

 

 



 

112 

 

Both physician and pharmacist pairs had almost “perfect” agreement between them in the 

classification of events type.  The inter-observer reliability for each reviewer, pharmacist 

and doctor, also showed perfect agreement, except for Physician 2 and Pharmacist 2 

which seems to show only a “substantial” level of agreement.  This shows that the 

classification of event type seems to be moderately consistent, considering the 

established definition and example given to the reviewers before the cases were 

presented.  Similar levels of agreement were noted in the classification for the type of 

ADR in all cases, with all reviewer pairs showing “almost perfect” agreement, 

extraordinary in pharmacist versus physician.  

 

Table 4.9 Level of agreement between reviewer pairs of the same professions 

 

 
 
 
 
 
 

Inter observer 

agreement 

Inter-rater,  (95% CI) 

Physician 1 (CP) vs Physician 2 

(JP) 

Pharmacist 1 (RG) vs Pharmacist 2 

(SP) 

Event type 0.88 (0.81-0.95) 0.87 (0.80-0.95) 

Types of ADR 0.97 (0.92-1.01) 0.89 (0.81-0.98) 

Causality 0.67 (0.56-0.77) 0.62 (0.51-0.72) 

Confidence level 0.46 (0.36-0.55) 0.50 (0.40-0.60) 

Preventability 0.46 (0.33-0.58) 0.64 (0.52-0.75) 

Severity 0.84 (0.75-0.92) 0.53 (0.41-0.64) 
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Table 4.10: Level of agreement between physicians and pharmacists  

 

In terms of causality assessment, a fairly consistent trend of agreement between the 

physicians and pharmacists was noticed only at “substantial” level.  The comparison 

between pharmacist and doctor showed lower agreement with only “moderate” level 

achieved between the reviewer pair, although there seems to be higher agreement overall. 

Only “moderate” agreement was achieved in both physician and pharmacist pairs, in 

their level of confidence in classifying the causal relationship between drug intake and 

ADR, based on their clinical decision (implicit process).  Slightly higher (substantial 

agreement) level was achieved if the decision was made based on published or formal 

criteria (explicit review).  The agreement between pharmacist versus physician was 

“moderate” for confidence level and between =0.58 to 0.74 for causality based on 

Hallas criteria.   

  

Inter observer 

agreement 

Inter-rater,  (95% CI) 

Physician 1 (CP)  Physician 2 (JP) 

Pharmacist 1 

(RG) 

Pharmacist 2 

(SP) 

Pharmacist 1 

(RG) 

Pharmacist 2 

(SP) 

Event type 0.99 0.89 0.87 0.79 

Types of ADR 1.00 0.89 0.97 0.86 

Causality 0.74 0.60 0.61 0.58 

Confidence level 0.46 0.51 0.52 0.50 

Preventability 0.59 0.49 0.37 0.49 

Severity 0.84 0.47 0.76 0.58 
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Pharmacist pairs were found to have slightly higher agreement ( =0.64; “substantial 

agreement”) as compared to physician pairs ( =0.46; “moderate agreement”) in the 

classification of preventability, although this was not large.  In general, the decision to 

apply preventability of ADR was lower than other categories showing the inconsistency 

and vague definition of preventability available.  Agreement among pharmacist versus 

doctor was also found at “moderate” level, except ( =0.37; “fair”) for Physician 2 and 

Pharmacist 2.      

             

The physician pairs seems to have “almost perfect” agreement, whereas, the pharmacists 

pair have lower agreement, with only “moderate” with =0.53 for the classification of 

severity of drug related illnesses.  The ability to apply clinical knowledge to a patient‟s 

condition and the experiences gained from daily patient contact might contribute to 

higher agreement among physicians.  The agreement on physician versus pharmacist in 

classification of severity varied greatly and was not consistent, ranging from perfect 

( =0.81) to moderate ( =0.58).  Agreements were higher for Pharmacist 1 with both 

physicians as compared to Pharmacist 2.    

4.4 DISCUSSION 

Agreement on the classification of an event, causality and preventability of medication 

related events, have been widely studied (Bates et al., 1995b, Gurwitz et al., 2000, Kunac 

et al., 2006).  However, there are not many studies focused on older patients where the 

need to achieve agreement among multiple professionals is vital.   

 

Identification of ADR is considered rather tricky in this patient population where older 

patients might be suffering from multiple chronic diseases, presenting similar symptoms 

as with a medication related presentation.   

 

Physician reviews of medical records in identifying adverse events provide a great deal 

of face validity but little construct validity.  Brennan and colleagues reported that more 

reliable and valid judgements of adverse events were produced through a two-step review 

process of medical records (Brennan et al., 1989).  However, the study was focused 

primarily on adverse events which cover a broader issue of injuries resulting from care 
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provided in hospital and was not focused on drug related events.  Identifying adverse 

events using medical records may underestimate the actual events due to less reporting or 

documentation.  

 

The current study is the first to report the agreement between pharmacists and physicians 

in identifying ADR and classifying them based on causality, preventability, severity and 

type of ADR in older age patients.  The level of agreement between all four reviewers 

was found to be “perfect” for classifying events as either ADR or not.  A similar level of 

judgement also observed for categorising medication error.  However, classifying events 

as potential ADR were found to have a lower level of agreement, with only “substantial 

agreement” level attained.  

 

The confidence of the reviewers in assigning causal relationship between drug intake and 

drug reaction was also found to be relatively low.  Classification of ADR cases into four 

different severity levels was found to be a complex task, with only “substantial 

agreement” observed.  Yet, judgement on the degree of preventability for each MRP case 

appears to be more complicated, as only “moderate” [ =0.52 (95% CI 0.47-0.57)] level 

of agreement was reached between the four reviewers.  These results were achieved 

despite employing classification based on previously published definition, and also by 

conducting systematic discussion with the reviewers.  

 

The discussion involved clarification concerning the definition with corresponding 

examples of ADR.  Intra-rating or agreement with the same individual after a certain 

time period was not conducted in this study.  Thus, the consistencies and repeatability of 

judgement of each reviewer on the event type, preventability, causality and severity 

cannot be assessed.      

    

To date, limited number of studies have been published, reporting reliability data on the 

occurrence of ADR, causality, severity, and preventability, focusing on older patients 

(Gurwitz et al., 2000, Gurwitz et al., 2003, Field et al., 2004). In one study focusing on 

paediatric patients, Kaushal and colleagues reported very high agreement (87-100%; 

=0.65-1.00), although the actual values for specific event types, severity and 
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preventability was not reported in detail (Kaushal et al., 2001). However, currently there 

is no specific focus on very elderly patients group with mean age of more and equal to 80 

years old. Other studies have reported inter observer reliability for event classification 

but again the severity and preventability was not specified (King et al., 2003, Potts et al., 

2004). However, “substantial agreement” was reported for classification of events in 

three different levels of severity ( =0.52) between two paediatric emergency physicians 

(Kozer et al., 2002).  These results are comparable to current study focusing on the 

elderly population where the  value of 0.66 was achieved for classification of severity.    

4.4.1 Event type  

Although “perfect” agreement between all four reviewers was obtained for the presence 

of ADR ( =0.90) and medication error ( =0.90), there was only “substantial” ( =0.78) 

level of agreement achieved for classification of events as potential ADR. Classification 

of event types was consistent among the four reviewers (Table 4.2).  This affects the 

overall agreement between all the reviewers, which lead to an overall level of “perfect 

agreement” for event type ( =0.88).  Pharmacist 2 only classified a few events as 

potential ADR, as compared to others.  A similar trend was observed in paediatric 

patients (Kozer et al., 2002, Kunac et al., 2006), where only 5.7% were observed by 

Physician 1 as compared to 22.3% in Physician 2 and 14.4% in Pharmacist 1. For 

reviewer pairs, the present study showed best agreement between Physician 1 and 

Pharmacist 1 ( =0.987) for overall event type.  Both pharmacists and physicians pairs 

seem to be equally in agreement of event type.  

 

It was very obvious that the judgement on the classification of event type as ADR or 

medication error was more reliable than classifying events as potential ADR.  The use of 

standardised definition, detailed example and training, systematically planned, before the 

reviewing process can explain the current finding.  In addition, the intrinsic nature of 

particular events can also make the classification process much easier, for example; 

classification for the occurrence of ADE is based on objective evidence of the actual 

patient injury, whereas classification of other event types depends on objective evidence, 

reviewers opinion or experience or knowledge regarding the potential for patient harm 

(potential ADE), or whether the cause of events are due to an error (medication error) 
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(Kunac et al., 2006).  In fact, detailed documentation of the series of events, before and 

after the occurrence of particular events, will contribute to higher agreement between 

reviewers in the classification process.  

    

Previous studies focusing on different age groups showed a similar trend of agreement 

between the reviewers, as identified in the current study.  For instance, studies directed 

on paediatric patients demonstrated relatively higher level of agreements between two 

reviewers for the classification of event type (King et al., 2003, Potts et al., 2004, Kunac 

et al., 2006).  Kunac and colleagues reported moderate level ( =0.51) of agreement was 

obtained as their best agreement between two reviewers (Kunac et al., 2006).  A slightly 

higher agreement  categorised as “substantial” level ( =0.64, 95% CI 0.45 to 0.82) was 

reported in another study where two independent physicians rated events based on 20 

randomly selected incident reports from a tertiary care paediatric hospital setting (King et 

al., 2003). “Almost perfect” ( =0.96) agreement was achieved between clinical 

pharmacist and physician when a 10% random sample of a paediatric critical care unit 

was evaluated (Potts et al., 2004).  However, detailed breakdown of level of agreement 

for different event types was not provided in these studies, except for, the study 

published by Kunac, which reported  a  value of 0.73 (95% CI 0.69 to 0.77) for ADE 

classification, indicating “substantial” agreement among three reviewers.  Lower level of 

agreement was reported for identification of potential ADE with  value of only 0.20 

(95% CI 0.00 to 0.40). However slightly higher  value was obtained in the current study 

with kappa of 0.70 (95% CI 0.63 to 0.78). 

 

The results of the current study are consistent with the findings from other studies 

focusing on adults patients.  Bates and colleagues reported “almost perfect” agreement in 

two studies ( =0.83 and =0.98) for classification of ADE, compared to potential ADE 

or problem order (Bates et al., 1993, Bates et al., 1995a). However, only “substantial 

“agreement ( =0.68) was achieved for classifying events as medication error and  rule 

violation or neither (Bates et al., 1995a). 

 

Agreement between two independent physicians, in the study focusing on elderly in-

patients at community based nursing homes in United States, identified the presence of 
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an ADE to be “substantial agreement” ( =0.80) (Gurwitz et al., 2000).  Similar levels of 

agreement ( =0.81) were obtained in two other studies conducted among older persons 

in the ambulatory setting (Gurwitz et al., 2003, Field et al., 2004).  Thus, it is obvious 

that judgement regarding the classification of event as ADE is more reliable, with higher 

level of agreement between several reviewers as compared to classifying event into other 

categories, mainly as potential ADE.  However, in the study assessing the incidence of 

drug related problems in the UK hospital, „fair‟ to „moderate‟ agreement ( =0.294 to 

0.460) was achieved among a panel consisting of a pharmacist, consultant physician, and 

a senior registrar (Cunningham et al., 1997).  Detailed analysis of the agreement between 

the pharmacist and physicians were not reported in the study.    

 

There were no obvious differences observed in agreement on type A and B reactions 

between the four reviewers.  This can be explained by standardised definition and 

accepted with subjective and objective measures which were created by Rawlins and 

Thomson back in 1977.   

4.4.2 Severity  

Severity of ADR was classified into one of the four categories in this study using 

previously published criteria. “Substantial” agreement with kappa of 0.66 (95% CI 0.61 

to 0.71) was achieved among all the four reviewers for the classification of severity for 

each events.   

 

However the findings are relatively higher than a previously published study, which only 

achieved “fair” [ =0.34 (0.32 to 0.36)] level of agreement, for classifying events into 

seven categories among paediatric in-patients (Kunac et al., 2006).  It seems that the 

degree of agreement among three reviewers improved from “fair” to “moderate” [ =0.50 

(0.46 to 0.54)] level after collapsing the level of seriousness into two categories (serious 

or not serious).  

 

Two other studies which have 3-4 point scales reported “substantial “agreement between 

two physician reviewers (Kaushal et al., 2001, Kozer et al., 2002).   The higher level of 

agreement reported in this current study could be due to the application of only four 



 

119 

 

levels or point scales of severity.  The different frequencies, noticed between the 

reviewers, actually show each individual has different methods in the classification of 

severity for particular events.  For example, Physician 2 seems to classify virtually half 

of the events as serious, whereas Pharmacist 2 inclined to classify one fifth of the events 

as only significant.  

 

Studies focusing on adult in-patients for the evaluation of reliability on severity have 

shown mixed results.  Bates and colleagues reported a  value of 0.89 for „life 

threatening‟ versus „serious‟ or „significant‟ but  value of 0.63 for „significant‟ versus 

„serious‟ or „life threatening‟ (Bates et al., 1993).  The classification was done by two 

independent physicians using a three point scale. Conversely, a lower  values with 

higher percentage of agreement was obtained using a four level scale adapted by Folli et 

al (Folli et al., 1987) in a different study by the same group (Bates et al., 1995b).  The  

value of 0.37 (85% agreement) for „life threatening‟ versus „serious‟ or „significant‟ and 

=0.32 (66% agreement) for „significant‟ versus „serious‟ or „life threatening‟ was 

reported in this study.  In a later study, Gurwitz and colleagues reported “substantial 

“agreement ( =0.62) by using a two point Folli scale (severe versus non severe events) 

which was adapted from an original version of the four point scale introduced by Folli  

(Gurwitz et al., 2000).  Based on these findings, there is evidence that a simplified point 

scale for classification on ADR would provide a better and higher kappa value.  

4.4.3 Preventability 

Lower level of agreement between several reviewers in classifying preventability of 

suspected MRP was noticed.  This can be explained by the difficulties in assessing 

preventability in older inpatients and also in employing the definition of preventability 

which was used in this study.  The definition of preventability is very vague and non-

specific in discriminating an event as either preventable or not.  Determining an error or 

related condition that supersedes an ADR would be quite challenging.  This judgement 

could be further complicated in older patients due to multiple medication use and 

inadequate monitoring of disease and pharmacotherapy.  In paediatric patients, the lack 

of standardised paediatric clinical practice guidelines and unlicensed use of medication 
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were discussed as the contributing factors for lower agreement in preventability 

classification noticed (Conroy et al., 2000, Kunac et al., 2006).  

 

A detailed evaluation of the definition introduced by Hallas and colleagues revealed that 

some vagueness existed.  An event was classified as „possibly preventable‟ if an “ADR 

could have been avoided by an effort exceeding the obligatory demand of current 

knowledge of good medical practice” (Hallas et al., 1990b).  It is not very clear as to 

what is defined as an obligatory demand of good medical practice.  However, it is quite 

obvious that the judgement or decision, on the appropriateness of care or preventability, 

is usually influenced by the reviewer‟s knowledge, previous experiences, and also based 

on the information available at the time the decision was made.       

  

In a recent paediatric in-patients study, the degree of preventability among reviewers 

using six levels of preventability (Schumock and Thornton algorithm), reported “fair” 

level of agreement [ =0.33 (0.21-0.37)].  This increased to 0.37 (0.33 to 0.41) after it 

was converted into two categories (Kunac et al., 2006).  Other studies focusing on 

paediatric patients have not reported  value for preventability judgement, which does 

not assist in achieving direct comparison with the current study.   

 

In two separate studies focusing on adult patients, Bates et al. reported higher  values 

for preventability of 0.71 (Bates et al., 1995a) and 0.92 (Bates et al., 1995a) as compared 

to paediatric patients.  The agreement between two physicians was “substantial” to 

“almost perfect” after converting from 4 point scales by Dubois (Dubois and Brook, 

1988) to the two point scale of either preventable or not preventable.  Comparable results 

with “substantial” ( =0.73) level of agreement for preventability was reported in two 

other studies conducted in a community based nursing home (Gurwitz et al., 2000) and in 

older adults in an ambulatory setting ( =0.67) (Gurwitz et al., 2003).  Field et al (2004) 

reported a kappa value of 0.67 in his study which examined various strategies for 

detecting ADEs among older persons in the ambulatory setting (Field et al., 2004). 

 

Only “moderate agreement” was achieved in current study. However, it was higher as 

compared studies relating to paediatric patients. The higher level of agreement in the 
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present study ( = 0.52) as compared to paediatric patient studies probably reflected by 

the lower level of preventability categories utilised. Besides that, systematic data 

collection method and recording of events in current work might partly contribute to the 

finding observed.     

4.4.4 Causality 

The assessment of causality in this study was performed using a standardised algorithm 

(explicit criteria) and using clinical judgement (implicit process) to assign causal 

relationship of an event with a suspected drug.  Various subjective and standardised 

methods of causality assessments are available (Agbabiaka et al., 2008).   

 

The causal relationship between drug treatment and the occurrence of adverse drug 

reactions is measured using three approaches: (i) expert judgement (global introspection), 

(ii) probabilistic approaches and (iii) algorithms. A French study confirmed that the 

agreement between experts is considerably low in the absence of an operational 

procedure (Arimone et al., 2007).  In expert judgement or global introspection method an 

expert will make the decision or judgement about the possible drug causation.  

 

The judgements were made based on available information and taking into account the 

relevant information of the cases, this is dependent on marked subjectivity.  This leads to 

poor reliability and validity or, in other words, low level of reproducibility and intra- and 

inter-rater disagreement (Karch et al., 1976, Koch-Weser et al., 1977, Blanc et al., 1979, 

Kramer, 1981, Arimone et al., 2007).  This method has been criticised due to subjectivity 

and imprecision, despite the usefulness (Blanc et al., 1979).  These subjectivity biases 

were avoided using explicit approach by developing decisional algorithms, which were 

based on scoring of different criteria (Karch et al., 1976, Blanc et al., 1979).  

 

 Other interesting methods being used widely are probabilistic methods which are 

regarded as the most rigorous (Lanctot and Naranjo, 1995).  However, the simplest and 

most practical methods which are widely used for the assessment of ADR are algorithms,  

this also has high inter and intra-rater agreement (Hutchinson and Lane, 1989).  All the 

methods discussed above use implicit or explicit analysis of causality criteria.  
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The current study showed that there was low level of variation (between “moderate” and 

“substantial”) in agreement between reviewers in the judgement of ADR causality 

assessment.  However, the agreement between individuals from the same profession 

seems to have substantially greater kappa value as compared to pharmacist versus 

physician.  The majority of the cases were classified as either probable or possible cases 

of ADR.  These results were expected, as only ADR cases which were either reported by 

the researchers, physician, or other health care professionals and confirmed by the 

treating physician were evaluated for inter observer reliability study.     

 

Some studies have tried to compare the global introspection method with the standard 

algorithms (Macedo et al., 2005).  There was no full agreement identified with either 

global introspection or any algorithms.  The overall observed agreement, between 

algorithms and global introspection, was moderate (average 47%). Confounding 

variables were found to compromise algorithm‟s ability to establish causality of ADR.  

These results suggested that currently there is no robust evidence to recommend the use 

of global introspection as compared to algorithms.  

4.4.5 Pharmacist versus physicians 

The agreement observed between reviewer pairs is considerably consistent, except for 

minor variation noticed for certain type of classification.  Lower agreement was noticed 

in the judgements for the assessment of causality, confident of ADR diagnosis, severity 

and preventability of ADR (Table 4.10).  The level of agreement between the pharmacist 

pair was moderately greater for the judgement on preventability but lower for severity 

classification compared to physician pair.  

 

Currently, there is no evidence available comparing pharmacist and physician for 

classifying event types specifically in older inpatients.  As discussed earlier, in Chapter 

1, assessing ADR in older patients is very challenging and needs detailed information of 

investigations, background experience and knowledge of the patient‟s clinical condition 

and medication history.  Thus, consensus and mutual agreement in the decision making 

process is highly essential to provide quality data reporting and documentation.  
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Lack of vital information, which is essential to make an appropriate judgement regarding 

the causality of events, the state of preventability and severity, will also contribute to the 

lack of agreement noticed.  Insufficient information leads to inadequate understanding of 

the relationship between medications and presenting symptoms, which contributes to 

further disagreement.  

   

High agreement between the pharmacists in classifying event types can be supported by 

the meta-analysis of thirteen studies published recently which revealed that pharmacist-

based interventions, based on chart review, reported a higher rate of ADE occurrence 

among in-patients (Phansalkar et al., 2007). In other words, pharmacist‟s ability to 

extract information from patient notes combined with knowledge of medication resulted 

in high agreement among the pharmacists.  

 

As both pharmacist and physicians have moderate agreement in the level of confidence 

of ADR diagnosis, the core issue that needs to be addressed is adequate training and 

education. Whether healthcare professionals, especially physicians and pharmacists, are 

given enough training for identifying and diagnosing ADR is still debatable.  Perhaps, a 

comprehensive teaching material with an additional elective subject focusing on ADR 

should be introduced during undergraduate or first year foundation training.  This would 

increase the awareness of physicians to always consider medication in the differential 

diagnosis, which would help in identifying ADR. 

 

A lack of a comprehensive definition for certain criteria and lack of proper tools to 

identify patients with or at risk of drug related illness could be another important factor.  

The current diagnostic scales available are neither first-rate nor practical, which 

contributed to the disagreement noticed in the study.  The introduction of a new 

definition and classification of ADR by Edwards and Aronson (2000) helped in the 

reduction of the previously existing uncertainty and variability noticed. It also 

contributed in the improvement of the confidence in the diagnosis of ADR.  Similar 

efforts should be taken for preventability and severity criteria.  
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Comprehensive geriatric assessment and liaison between pharmacist and physician can 

also help to identify and increase the confidence in the diagnosis of ADR.  It can also 

help in confirming the classification of severity and also preventability for any suspected 

ADR cases. This can be achieved through knowledge sharing between healthcare 

professionals. For example, in a randomised controlled trial, providing specialist 

pharmaceutical care in addition to geriatric medical care significantly improved 

appropriateness of prescribing in older adults (Spinewine et al., 2007b).  Recently, 

another study confirmed that ward-based pharmacist interventions reduced drug-related 

readmission by 80% (95%CI, 0.10-0.41) (Gillespie et al., 2009).  Prescriber education, 

together with comprehensive geriatric assessment, was also found to significantly reduce 

the rate of inappropriate prescribing (Schmader et al., 2004, Crotty et al., 2004).   

 

One limitation of this study that is worth noting is that there was a considerable 

difference in the experience of clinical practice between the pharmacists and physicians 

which varied from 2 to 20 years. Moreover, one of the pharmacists selected was outside 

the area of specialism “care of the elderly”. These factors could have contributed to the 

lack of agreement in some cases between the physicians and the pharmacists. However, 

all reviewers were given standardised training by the primary investigator in order to 

overcome this problem.    
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4.5 Conclusion      

Despite the varied backgrounds of the reviewers, kappa results showed good to excellent 

levels of agreement among the reviewers for the classification of event.  The inter 

observer variability is substantial for confidence in diagnosis, which is reflected in low 

kappa values.  However, the agreement for classification of preventability and severity 

was slightly lower than „excellent‟ level of agreement.  Classifying a suspected ADR as 

preventable is based on the reviewers personal judgement, whether the identified 

reactions were predictable and controllable, based on the extended pharmacological 

action of the drug provided.  Nevertheless, the current findings could be questioned in 

terms of the extent to which they reflect the true preventability of the observed outcomes.  

The following chapter of this thesis will try to address this question.   

Lack of training, inappropriate criteria for clinical use or practice, and vague definitions 

of certain criteria should be the focus for further improvement.    
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CHAPTER 5  PREVENTABILITY OF ADR 

 

5.1 Introduction for preventability studies  

The occurrence of ADR in hospitalised patients is considered relatively common and has 

not reduced for the last few decades (Davies et al., 2009).  Although there are substantial 

studies published worldwide confirming these findings, there is also current evidence 

indicating that many of these events are preventable, targeting interventions towards high 

risk patients could help to reduce or prevent the occurrence of an ADR.  Preventability is 

one of the most important findings of studies relating to medication related problems, as 

this information can be used to inform a change to the health care system in general or 

aspects of patient care specifically.     

 

The impact of ADR on the individual patient must also be considered as it may decrease 

quality of life by causing personal distress or suffering, as a direct consequence of the 

reaction.  In 2000, a report entitled „An organisation with a Memory‟ highlighted that 

approximately 850,000 adverse events occurred in the NHS annually, (Department of 

Health, 2000) and estimated that this resulted in additional costs in excess £2 billion 

annually.  Moreover, another document published by the Audit Commission (2001), 

entitled „A Spoonful of Sugar‟, reported that deaths resulting from medication errors and 

adverse effects of medicines increased more than five times in a period of ten years in the 

UK  (Figure 5.1). Medication errors were defined as „any preventable events 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‟. Problems with; 

prescribing, communication, education, product labelling, monitoring and use were listed 

as the main causes for the occurrence of such events.  Therefore, appropriate action taken 

to prevent such events from occurring could reduce both the length of hospital stay and 

readmission to hospital, indirectly reducing the cost of patient care.             
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Figure 5.1: The number of deaths in England and Wales from medication errors and 

adverse effects of medicines, 1990 to 2000  

(These findings were based on ICD 9 (International Code of Diseases) and ICD 10 data, 

and represent the number of deaths due to adverse drug events in England and Wales) 

 

(Source: Adapted from Audit Commission, (Department of Health, 2001a) 

 

(adapted from Audit Commission, 2001) 

Recent studies have shown that almost half of ADR that occurs in the wards identified 

were classified as preventable (Pirmohamed et al., 2004, Davies et al., 2009).  A review 

of ten major studies, that used robust criteria to classify preventable adverse events, 

showed that the rate of preventable medication-related problems ranged from 27.6% to 

72% (Table 5.1).  This wide range in itself suggests that a lack of consistency exists in 

the approaches taken by researchers to determine preventability.  These studies were 

selected primarily because of the availability of a detailed description of the method 

utilised to assign preventability.  In fact, a review article published by Kanjanarat and 

colleagues (2003) found that the median preventability rate of adverse drug events in the 

hospital was 35.2% (range 18.7-73.2%).   
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The wide range of preventability rates identified in these studies could be attributed to 

the use of different definitions, outcome measures, methods for assigning preventability 

and the recruitment of different types of patients from different settings.  Clearly, the key 

question that needs to be answered is how preventability was determined in those 

studies? In other words; what are the definition and criteria available for assigning 

preventability.  It is very important to address this issue before planning any strategies to 

reduce the occurrences of preventable ADR.  For example, if prescribing error is the 

main cause of preventable ADR, providing a safer prescribing environment could reduce 

the occurrence of ADR.  The following section will give us a summary of methods 

available for assigning preventability. 

5.1.1 Method for assigning preventability 

Various terminology, definitions and methods of assigning preventability have been 

utilised (Hallas et al., 1990b, Schumock and Thornton, 1992, Bates et al., 1995b, 

Kanjanarat et al., 2003).  However, there is a lack of an acceptable „gold standard‟ 

method for assigning preventability status.  There are three main types of definitions 

commonly used, based on the work of the following;  

 Hallas criteria,  

 Schumock–Thornton algorithm, and  

 Bates assessment criteria    

 

Of these three approaches the most widely used category of preventable ADR is based on 

the definition introduced by Hallas and colleagues almost 2 decades ago (Hallas et al., 

1990b).  This definition was employed in one of the largest studies conducted in the UK 

focusing on ADR as the cause of hospital admission (Pirmohamed et al., 2004).  

According to this criterion, „definitely preventable‟ ADR is defined as: 

 

 “An ADR due to a drug treatment procedure inconsistent with current knowledge of 

good medical practice”  

(Hallas et al., 1990b) 
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However, the use of the term “good medical practice” is quite vague; does it for example 

include; error of commission, error of omission, inadequate monitoring or a „type A‟ 

ADR, which are predictable, and an extension of the pharmacological action of the drug?  

Such vagueness could provide a challenge in the reliability of the results.  Indeed, there is 

also an argument as to whether a reaction is truly preventable, that is; the initial decision 

made to use the medicine was incorrect, as often, such judgements are made 

retrospectively, when researchers have uncovered information not available to the 

prescriber at the time the original decision was made.  It is likely that a decision to 

classify an ADR as preventable changes over a certain time period, so that it is 

retrospectively seen as an objective (black and white) decision of the clinical situation, 

when in fact the prescriber (at the time) was required to make a difficult decision for a 

complex, clinically unstable patient. The preventability tag suggests that the initial 

prescribing decision leading to the ADR was incorrect, (a mistake) this may over 

simplify the true picture. 

 

Schumock and Thompson (1992) developed a set of 7 questions to help classify 

preventability more accurately; now known as the Schumock-Thornton algorithm.  They 

classified an ADR as preventable if the answer to at least one of the questions listed was 

„yes‟.  The seven questions focused on whether the ADR instance was preceded by the 

occurrence of an error; (either commission or omission), monitoring failure, drug 

interaction, failure in adherence and documentation of toxic drug concentration, or if the 

patients had a previous history of ADR to the drug.  This set of seven questions provides 

a structured way to identify preventable ADR, although it is fairly extensive and time 

consuming to apply.  The inclusion of monitoring failures and poor compliance as factors 

that contribute to classify an event as preventable, is an additional advantage to the use of 

this method.  Recently, Ducharme and Boothby made minor changes to this approach by 

adding previous history of, or allergy to, the drug classes rather than the drug itself.  To 

confirm the reaction other laboratory tests were also included, rather than focusing only 

on drug concentration (Ducharme and Boothby, 2007).  Compared to the Hallas‟ criteria, 

the Schumock-Thornton algorithm does not provide criteria or definition for „possibly 

preventable‟ cases that could be useful in conducting research.    
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Another preventability definition was introduced by Bates and colleagues in their 

seminal study ‟Adverse drug events prevention study‟ (Bates et al., 1995b).  An adverse 

drug event was defined as preventable if it was due to an error and was preventable by 

any means.  Again, the use of the term „preventable by any means‟ is vague and requires 

further detail.  However, this definition provides an opportunity for other researchers to 

include any additional criteria which they consider important when assigning 

preventability in their specific study.       

 

In general, preventable ADR can be defined as; a term which implies a harmful reaction 

related to medication use which is associated with ineffective, inadequate, or 

inappropriate use of medicines.  This can occur at any stage of the drug use process and 

can be caused by inappropriate care or various types of medication error (error of 

commission or error of omission).  In contrast, non-preventable ADR is usually non-

predictable, idiosyncratic drug reaction.  Error of omission or commission is 

differentiated from their relationship to adverse outcomes.  Errors of omission relates to 

indirect causation between drug therapy and adverse outcomes, such as lack of access to 

medicines or a therapeutic failure. Whereas errors of commission are attributed to direct 

causation of drug therapy, for example, use of contraindicated drugs or overdoses.  

Logically, type A ADR is predictable and dose related, an extension of the 

pharmacological action of the medication.  Therefore, it may be preventable, although 

not in all cases.   

 

As described earlier there are various definitions available for classifying ADR as 

preventable, although, there is agreement that medication error is the main cause of 

preventable ADR.  A review of 10 studies found that the most frequently identified 

causes of preventable adverse drug events were; patient monitoring and inappropriate 

prescribing decisions (Kanjanarat et al., 2003).  Thus, by improving both monitoring and 

appropriate prescribing the majority of ADR could be prevented.  However, uncertainty 

exists in the relationship between preventability and medication error problems.  
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The main question to ask is whether every preventable event is preceded by an error? 

Kanjanarat and colleagues assumed that a strong relationship existed between 

inappropriate care and the occurrence of preventable adverse drug events (Kanjanarat et 

al., 2003).  Whether this can be extended to ADR is debatable.  The next key question 

that needs to be tackled is; „would it have changed the initial prescription if an event is 

classified as preventable?‟ This arm of the research programme was designed to find 

answers for some of these questions.    

 

The aim of this study was to explore, in-depth, the extent to which ADR cases can be 

classified as preventable, by a panel of experts consisting of senior pharmacists and 

consultant doctors.  In addition, the necessary action that could have been taken to avoid 

the occurrence of the preventable ADR was discussed and consensus reached within the 

group. 

 



 

132 

 

Table 5.1: A review of the design and method of classification of preventable ADR 

Study (country) Patients group and setting Primary outcome 

Preventability rate 

(%) 

Criteria used for assigning 

preventability 

Bates et al., 1995b  

(Country: US;  

Period: 6 months) 

All patients admitted to 

surgical or medical units of 2 

tertiary hospitals  

[Study sample: 4031;  

Median age= 51.8 (SD 8.8)] 

ADE during hospital stay 28.3 

 

Bates assessment criteria 

Davies et al., 2009 

(Country: UK;  

Period: 6 months) 

Adults (over 16 years) 

 

[Study sample: 3695;  

Median age= 61 (IQR 41-

77)] 

ADR during hospital stay 56 Hallas criteria 

Gholami and Shalviri, 1999 

(Country: Iran;  

Period: 9 months) 

> 10 years old Patients 

admitted to two internal 

medicine floor 

 

[Study sample: 370;  

Median age= Not stated] 

ADR during inpatients stay 

(WHO criteria) 

58.8 Schumock-Thornton 

algorithm 

Gray et al., 1998 

(Country: US;  

Period: 3 months) 

70 years older 

[Study sample: 145;  

Mean age= 78.2 years] 

ADE during hospital stay 54 

 

Adapted Schumock-Thornton 

algorithm  
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Table (Continued): A review of the design and  method of classification of preventable ADR 

Study (country) Patients group and setting Primary outcome 

Preventability rate 

(%) 

Criteria used for assigning 

preventability 

Gurwitz et al., 2003 

(Country: UK;  

Period: 1 year) 

75 years older 

[Study sample: 30,397 

person-year;  

Median age= 74.7 (SD 6.7)] 

ADE in ambulatory setting 27.6 

 

Bates assessment criteria 

 

Pirmohamed et al., 2004 

(Country: UK;  

Period: 6 months) 

Adults (over 16 years) 

 

[Study sample: 18,820;  

Median age= 66 (IQR 46-

79)] 

ADR causing hospital 

admission 

72 Hallas criteria 

Chan et al., 2001 

(Country: Australia;  

Period: 2 months) 

75 years older 

 

[Study sample: 219;  

Mean age= 81.8 (81.2-82.4) 

ADE causing hospital 

admission 

53.4 Hallas criteria 

 

Hallas et al., 1990b 

(Country: Denmark;  

Period: 3 months) 

All patients admitted to ward 

 

 [Study sample: 333;  

Median age= 71 (Range 0-

94)] 

Drug related hospital 

admission  

-ADR-WHO 

-Drug related Therapeutic 

Failures 

58.3 Hallas criteria 
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Table (Continued): A review of the design and  method of classification of preventable ADR 

Study (country) Patients group and setting Primary outcome 

Preventability rate 

(%) 

Criteria used for assigning 

preventability 

Leendertse et al., 2008 

(Country: The Netherland;  

Period: Not available) 

Adults (over 18 years) 

 

[Study sample: 12,793;  

Mean age= 62 (SD 19)]  

Preventable medication-

related hospital admission  

 

ADE 

46.5 

 

Adapted Schumock-Thornton 

algorithm 

 

Gandhi et al., 2003 

(Country: US;  

Period: 6 months) 

Patients aged >18 years  

 

[Study sample: 661;  

Mean age= 52 ] 

Ambulatory setting. Pts 

attending 4 primary care  

clinics  

ADE 

11% 

 

Preventable-Due to errors 

that could have been entirely 

avoided 
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5.2 Methods 

5.2.1 Design of study 

In this sub-study, expert panels were utilised to review the preventability of ADR by 

conducting an in-depth analysis based on a sample of selected case studies presented as 

vignettes. 

5.2.2 Consensus panel   

This was a qualitative study based on an adapted version of the consensus panel method 

known as „nominal group techniques‟ (expert panel).  The expert panel were utilised to 

review and reach consensus on several preventable ADR cases.  Consensus was achieved 

through structured discussion to reflect the views of the participants.  Two panels were 

established; one a medical consensus panel and one involving pharmacists, to allow 

comparison between the decisions reached by two different, clinically based, health care 

professions.  The panels were conducted at two different localities (Brighton and 

London), based on the availability of the participants.  Written information was provided 

to all potential participants and verbal consent, to contribute voluntarily, was obtained 

from each participant at the beginning of the discussion (format and objectives of the 

consensus panel were provided few days in advance).                

5.2.3   Participants 

In May 2009 two consensus groups, one panel consisting of senior pharmacists and 

another panel of consultant medical staff, composed of individuals from different 

specialities and experiences, were approached, personally or by e-mail, based on their 

availability and willingness to participate in a consensus panel.  A purposive sampling 

method was employed.  All the consultant physicians were based at BSUHTT and senior 

pharmacists were centred in London.  A target of 5 members for each panel was set and 

individuals approached and consented to take part in the study. However, on the day of 

each panel meeting only three medical staff and 4 pharmacists attended due to pressure of 

work. An optimum number of 5 participants were chosen for each panel in order „to 

promote a sense of safety‟ within the group (Tully and Cantrill, 1997). This group size 
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has also proven to be effective for panel discussions and has been used in previous 

studies (Tully and Cantrill, 1997, Smith, 2002).   

5.2.4 Sampling strategies 

The preventable ADR vignettes reviewed by the consensus panel were selected 

systematically using a matrix approach to inform the sampling.  All 60 previously 

classified preventable ADR cases (either possibly or definitely preventable), from the 

prospective observational arm of this research, were arranged in a sampling matrix based 

on their severity and level of causality assessment criteria.  Thirty percent (n=18) of the 

total cases were selected using purposive sampling methods to ensure appropriate 

representation of cases from each category of severity and causality levels (see Table 

5.2).  Only 17 cases were successfully presented during the first consensus panel 

(pharmacists), due to time constraint.  Hence, a similar number of cases were presented 

during the second consensus panel (medical staff) to allow a direct comparison to be 

made.   

 

Table 5.2: Sampling matrix of preventable ADR cases based on different level causality 

and severity 

 Severity 

Causality [total number of cases (number of cases selected 

for this study)] 

Definite Probable Possible 

Life threatening 3 (1) 1 (1) - 

Serious 12 (3) 16 (4) 13 (4) 

Significant 3 (1) 5 (1) 7 (2) 

5.2.5 Consensus panel process 

After a period of training, the discussion was lead by the primary investigator using a 

standardised format of; vignettes of case study and central discussion schedule.  The 

duration of each consensus panel varied; the pharmacist group lasting 2 hours, while the 
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physician group for only one hour. Discussions were recorded, with permission, using a 

digital voice recorder (Model Olympus WS-310M). 

 

The discussions were transcribed verbatim by the primary investigator; the accuracy of a 

sample was later confirmed by a review of both the recording and the transcripts by one 

other researcher.  The participants were identified by pseudonyms to maintain 

confidentiality.   

5.2.6 Design of vignettes 

Vignettes of preventable ADR were prepared using a standardised format designed by the 

primary investigators.  The format was reviewed by an expert in this field.  Each vignette 

consists of demographic data (age, gender, length of stay), admission diagnosis, 

medication on admission, and also the sequence of events that leads to the occurrence of 

ADR from admission until discharge.  A list of medications, during admission, 

specifically noting any changes or additions to the list were recorded in the sequence of 

events section.  Subjective and objective parameters that support ADR occurrence were 

included in addition to types of ADR, causative medication(s), severity, causality and 

types of preventability.  All cases were referenced for anonymity.  Additional information 

was provided during the discussion, to the consensus panel, as requested.  For example, 

clinical information; whether the patient was nil by mouth, or suffered chest problems, X-

rays were provided for the panel upon request. 

   

A summary of one of the vignettes presented is given below: 

 

A 94 year old male admitted to hospital with a two week history of generalised weakness, 

mild left leg weakness and generalised muscle aches and pains.  He had been on oral 

prednisolone since 2005 for polymyalgia rheumatica.  The patient also has other co-

morbid conditions such as; Type 2 diabetic, depression, arthritis, benign prostatic 

hyperplasia, endocarditis, peripheral neuropathy, had suffered several falls, a history of 

asthma, anaemia and ischemic heart disease.  His Barthel score on admission was 15 and 

AMTS was 9/10.  The length of hospital stay was 23 days for this patient.  
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The patient was on a range of medications on admission, including Insulin Mixtard 30 

50Ü AM and Mixtard 30 50Ü PM. 

Diagnosis on admission was statin induced myositis, urinary tract infection, and poor 

glycemic control.  The patient began a course of treatment of insulin on day 1.  On day 

13, his blood glucose level was 2.4 mmol/L and on Day 14 the patient developed 

hypoglycaemia, with blood glucose of 2.0 mmol/L.  The dose of night insulin was 

reduced to 22 Ü on day 13 and morning insulin was reduced the following day to 44 Ü.  

Insulin dose on discharge was Insulin Mixtrad 30 40Ü OM and Insulin Mixtrad 30 18Ü 

ON.  This patient experienced insulin induced hypoglycaemia.  This ADR was classified 

as serious and definitely preventable during the initial assigning.       

 

Table 5.3: Information which is included in the case study presented to the consensus 

panel 

1. Demographic data (age, gender, length of stay) 

2. Admission diagnosis  

3. Medication on admission 

4. Sequence of events that leads to the occurrence of ADR during the admission 

until the discharge day 

5. List of medications during the admission (especially any changes or addition to 

the list  

6. Subjective and objective parameters that support ADR occurrence  

7. Characteristics of ADR (types of ADR, causative medication(s), severity, 

causality and type of preventability). 
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5.2.7 Data Analysis 

Data from the consensus panel was captured using a standardised form.  Information was 

provided in a tick box, with each column representing participants of the expert panel.  

The rows contained information relevant to each case, such as the extent of preventability 

of each ADR case, suggested action to prevent the event, and other issues pertaining to 

the cases.  Any data omitted was obtained from the transcription of the discussion.   

 

Relevant information related to the objective of the study and pertaining issues were 

supported by quotations from panel discussions (Smith, 2002, Creswell, 2003).  

 

The reliability and validity of the finding was maintained by applying standardised and 

systematic methods during discussion, data collection and interpretation.        

5.3 Results      

5.3.1 Details of reviewers 

The pharmacist consensus panel consisted of 4 qualified people with a range of 

experience from 6.5 to 30 years.  The medical consensus panel was attended by 3 

consultant physicians from various specialties with experience in clinical practice ranging 

from 12 to 18 years. These experts were not those involved in the previous inter observer 

reliability study.   

5.3.2 Results of the finding 

In total, 17 preventable ADR cases were reviewed during the consensus panel with the 

distribution of the findings illustrated in Table 5.4.  Of these 17 cases, 3 were previously 

(in the observational arm of the study; Chapter 3) classified as „definitely preventable‟ 

and the remaining 14 cases were classified as „possibly preventable‟ (Table 5.5).  The 

initial assessment and assigning of preventability of these cases was rated by primary 

investigators, after consultation with treating doctor and pharmacist on the ward, and was 

later confirmed by another independent reviewer.  This procedure was discussed in detail 

in Chapter 2.  It will be referred to as „initial assigning‟. 
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Table 5.4: Results of the consensus panel by both groups 

 

Panel Decision 

17 initial sample Number of 

vignettes where 

agreement exists 

Medical Panel Pharmacist panel 

Confirmed label 8 12 6 

Reassigned label 3 2 0 

Removed label 6 3 1 

 

Overall, the initial preventability label was confirmed in 12 of the 17 cases by the 

pharmacist panel, but in only 8 cases by the medical panel.  In only 6 of the same cases 

did the consensus panels agree with the original initial assignment.  

 

Overall, the initial preventability tag was questioned in 9 cases by the medical panel and 

5 cases by the pharmacist panel.  The medical panel removed the initial preventability tag 

in 6 cases and re-labelled these cases as not preventable.   The pharmacist panel removed 

the preventability tag in 3 cases.  Interestingly, the pharmacist and doctors reached 

agreement in removing the initial tag in only 1 case.   

 

The medical panel reassigned the initial tag in 3 cases whereas the pharmacist panel in 2 

cases.  All these cases were an upgrade of likelihood of preventability from „possibly 

preventable‟ to „definitely‟ preventable.  No overlap of cases was noticed between the 

two groups.  
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5.3.2.1  Qualitative aspect  

Overall, disagreement between the two panels, of pharmacists and doctors, was noticed in 

11 of the 17 vignettes reviewed.  Of these, a complete disagreement was seen between the 

pharmacist and medical panel in two cases, when compared to the initial assignment 

(Table 5.5).  In 8 cases, it was only one of the panels who were in disagreement with the 

initial decision.  There was an agreement between the panels in the remaining one case, 

but this differed to initial assignment (Table 5.5).   

 

The following section will focus on the disagreement, which was noticed by both 

consensus panels as compared with initial assigning.  This is divided into four main 

categories: 

1. Disagreement by medical panel only  

2. Disagreement by pharmacist panel only  

3. Disagreement by both medical and pharmacist panels (contradicting) 

4. Disagreement by both medical and pharmacist panels (overlap) 
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Table 5.5: Results of direct comparison between reviewers  

Ref Type of ADR Initial assigning Medical  consensus Pharmacist consensus 

1139 Colchicine induced diarrhoea Possibly preventable DEFINITELY preventable NOT preventable 

1061 Gliclazide induced 

hypoglycemia 

Possibly preventable NOT preventable DEFINITELY preventable 

2162 Insulin induced 

hypoglycemia 

Definite preventable NOT preventable Definite preventable 

1017 Insulin induced 

hypoglycemia 

Possibly preventable NOT preventable Possibly preventable 

1271 Insulin induced 

hypoglycemia 

Possibly preventable NOT preventable Possibly preventable 

1131 Warfarin induced Increased 

INR 

Possibly preventable NOT preventable Possibly preventable 
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 Table (continued) Results of direct comparison between reviewers  

Ref Type of ADR Initial assigning Medical  consensus Pharmacist consensus 

1039 Morphine induced dry 

mouth 

Possibly preventable NOT preventable NOT preventable 

 

2090 Furosemide + 

Bumetanide induce 

hyperuremia 

Possibly preventable Possibly preventable NOT preventable 

2313 Digoxin induced 

bradycardia 

Possibly preventable DEFINITELY 

preventable 

Possibly preventable 

1242 Insulin induced 

hypoglycemia 

Possibly preventable DEFINITELY 

preventable 

Possibly preventable 

1111 Insulin induced 

hypoglycemia 

Possibly preventable Possibly preventable DEFINITELY 

preventable 

1060 Dihydrocodeine induced 

nausea and vomiting 

Possibly preventable 

 

Possibly preventable Possibly preventable 



 

144 

 

 

 

Ref Type of ADR Initial assigning Medical  consensus Pharmacist consensus 

2162  

(b) 

Augmentin induced 

Clostriduium difficile 

Possibly preventable Possibly preventable Possibly preventable 

1090 Frusemide induced 

Hypokalemia 

Possibly preventable Possibly preventable Possibly preventable 

1072 Digoxin + 

clarithromycin uinduce 

digoxin toxicity 

Possibly preventable Possibly preventable Possibly preventable 

2061 Clarithromycin induced 

Clostridium difficile 

Definitely preventable Definitely preventable Definitely preventable 

1253 Lorazepam 

+Haloperidol induce 

respiratory depression 

Definitely preventable  Definitely preventable  Definitely preventable  
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5.3.2.1.1 Disagreement by medical panel  

Of the 9 cases where there was disagreement noticed by the medical panel, as compared 

with initial assigning, the preventability tag was removed in 6 cases (Ref: 1061, 2162, 

1017, 1271, 1131, 1039) and reassigned in 3 cases (Ref: 1139, 2313, 1242).  Four of the 

ADR cases which were re-classified as not preventable were hypoglycaemic agent 

induced hypoglycaemia, the remaining case was of warfarin causing an increased INR 

(Ref: 1131) and morphine induced dry mouth (Ref: 1039).   

 

An example, to describe the disagreement by the medical panel only, by removing the 

initial tag is shown in Case 2162.  One of the consultants in the group described the 

occurrence of hypoglycaemia in older patients as common and not easily preventable 

because of the complex mechanism underlying the reaction noticed.  On the other hand, 

the pharmacists‟ panel agreed that proper and individualised monitoring, especially on 

high risk patients, could have avoided the ADR.   

 

“Hypoglycaemia in this patient happened out of the blue.  The patient might be on 

insulin and not eating properly or on a diet on the ward” [Consultant 2]  

 

Overall, the consultants‟ panel agreed that the insulin doses given at the point of 

prescribing were appropriate, although all of the blood glucose monitoring data was not 

available for evaluation.  

 

“It’s clearly difficult to say if this case is preventable.  We would expect someone 

on insulin to present with this condition and we cannot simply reduce the dose of 

insulin because it will severely affect the patient’s condition” [Consultant 3]  
 

Another expert gave a similar opinion: 

“I believe it is a reasonable plan.  You cannot expect the physician to fiddle too 

much in this case” [Consultant 1] 

 

However, the pharmacist‟s panel collectively felt that proper monitoring would have 

avoided the occurrence of hypoglycaemia in all of these four cases. 
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“Possibly an increase in monitoring would prevent hypoglycaemia as patient’s 

diet and metabolism is different from home.  It is necessary to monitor patient’s 

blood glucose more frequently especially during their hospital admission where 

the need for insulin might be different” [Pharmacist 1] 

 
A similar type ADR, but representing the re-assigning of labels from the initial decision, 

was seen in one case (Ref: 1242).  The consultant panel collectively agreed that the 

particular ADR was „definitely preventable‟, as compared to the initial assignment of 

„possibly preventable‟.   

 

“On day 3 and 4, the patient was very dehydrated although the kidney function is 

slightly improving. Sliding scale insulin would offer a safer option. Reduced dose 

sliding scale would be the best option” [Consultant 2]    

 

5.3.2.1.2 Disagreement by pharmacist panel   

The pharmacist panel disagreed with the initial decision in 5 cases (Table 5.5).  Of these 

cases, disagreement by the pharmacist panel only was noticed in two cases.  In one case 

(Ref: 2090) the initial assignment was removed and in another case (Ref:1111) it was 

reassigned.  In this particular case (Ref: 2090) where the ADR was spironolactone and 

bumetanide induced hyperuremia, the pharmacist removed the initial tag and classified 

the case as not preventable.  

 

“Patient might not take frusemide or spironolactone at home. In addition, there is 

not enough information (such as medication adherence) to assess the case at the 

moment. Poor compliance prior to admission could be the reason for the 

occurrence of ADR” [Pharmacist 2].    

 

The medical panel felt that the case was possibly preventable as the spironolactone was 

administered too early.  Consultant 2 also felt that they should also have stopped 

perindopril on day 13.     
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5.3.2.1.3 Disagreement by both medical and pharmacist panel (contradicting)  

The following section will focus on the disagreement by both the medical and pharmacist 

panel compared to the initial assignment.  Clear disagreement between the two consensus 

panels was observed in two cases (Ref: 1139 and 1061).  In the first case, (Ref: 1139), 

colchicines induced diarrhoea; the physician consensus panel agreed that it was a 

definitely preventable case.  On the other hand, the pharmacist consensus panel reached 

the conclusion that this particular event was not preventable.  Clearly, the availability and 

awareness of the existence of local prescribing guidelines at the time of ADR occurrence 

is vital in making the classification of preventability.  Guidelines developed, based on 

experiences by local experts in different trusts, may also contribute to the final decision.  

 

“This case is not preventable as to date the guidance on the use of colchicines is 

not clear. This patient cannot be given another drug because of the history of 

allopurinol and diclofenac allergy” [Pharmacist 1] 
 

On the same note another expert argued: 

“There is ambiguity in the guidance for the use of colchicines” [Pharmacist 4] 

 

However, an expert in contrasting viewpoint argued: 

“This is definitely preventable based on new guideline where colchicines should 

be given 500mcg TDS with maximum dose of 3gm. The patient was clearly given 

excessive dose of colchicines and proper monitoring of pain response and side 

effect of diarrhoea would prevent it” [Consultant 2] 

 

Clearly, the decisions on preventability are heavily influenced by the readily available 

information on appropriate prescribing of the medication at the time of ADR occurrence. 

 

Another contradicting decision was obtained in the gliclazide induced hypoglycaemia 

case (Ref 1061).  The pharmacist panel felt that frequent monitoring of the patient and the 

gliclazide dose titration could prevent the reactions occurred.  However, the physician 

panel strongly believed that the reactions are normal in this type of patient.  The 

consultant argued that the occurrence of hypoglycaemia is quite common and only 

detected due to continuous monitoring of the patients. 
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5.3.2.1.4 Disagreement by both medical and pharmacist panels (Overlap 

agreement) 

There was only one case where the pharmacist and consultant panel showed agreement in 

their decision against the initial assessment (Ref: 1039).  They collectively removed the 

initial tag and classified the case as not preventable.  In this particular case, each member 

from the pharmacy panel jointly agreed no action can be taken to avoid the occurrence of 

morphine induced dry mouth.  They argued that the use of morphine was appropriate in 

that particular case and the benefit of pain relief outweighed the risk of getting ADR. 

Similar comments were given by the consultant panel.  Evidence based use of opioid 

analgesics and complete information on the sequence of events that leads to the 

occurrence of ADR, which was supported using sufficient clinical and laboratory 

measurements, contributes to the assessment made.      

 

“Patient was started on paracetamol and was later changed to codeine (DF118) 

before given morphine due to an increase in pain. The pain management was 

based on WHO analgesic guidelines” [Consultant 1] 

 
Another consultant argued: 

 

“The recommended guideline for pain management for adults was released back 

in 2007 by the British Pain Society. The current treatment was in accordance with 

the normal practice. A dry mouth experienced by the patient could be either 

caused by dehydration or the patient might using an oxygen mask” [Consultant 2] 
 

In general, classification of ADR as definitely preventable was found to be easier and 

consistent if it was preceded by inappropriate prescribing or medication error, which was 

clearly noticeable.  For example, in the case where a patient diagnosed with drug induced 

diarrhoea and Clostridium difficile infection, after being given clarithromycin during 

admission (Ref: 2061), the choice of antibiotic was found not appropriate.  
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The patients should have been prescribed with oral amoxicillin, which is the 

recommended first line therapy for treating non-severe community-acquired pneumonia, 

based on local antimicrobial guideline.  Analysis of causes of ADR is an important 

contributor in the understanding and classification of cases.   

5.3.2.2  Type of action that should be taken to prevent ADR 

In general 11 cases were classified as either possibly or definitely preventable by the 

medical consensus panel and 14 by the pharmacist panel (Table 5.5).  For each 

preventable case, the panel were also asked to suggest an action that can be taken to 

prevent the reaction or actually change the initial decision.  

 

Table 5.6 illustrates the suggestion of the action that can be taken to prevent the 

occurrence of ADR.  The medical panel suggested that changes to the initial prescribing 

decision would have prevented all 11 ADR cases.  The changes they recommended fell 

into a number of different categories; from changing the drug used to an alternative, 

avoiding the drug prescribed or lowering the dose used.  Conversely, the pharmacist 

panel suggested that changes to the initial prescribing decision would have only 

prevented 7 of the 14 ADR and that intensive monitoring would have prevented the other 

7 events from occurring.  

 

Interestingly, both medical and pharmacist panels agreed on the same course of action (to 

prevent the event occurring) in only 5 of the cases; all agreed to change the initial 

prescribing decision.  
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Table 5.6: Suggestion of action that can prevent the reaction or change in initial decision  

Case 

Action to prevent 

Medical panel Pharmacist panel 

1061 NOT PREVENTABLE Intensive monitoring 

2162 NOT PREVENTABLE Intensive monitoring 

1017 NOT PREVENTABLE Intensive monitoring 

1271 NOT PREVENTABLE Change in initial decision 

- Substitute alternative agent 

1131 NOT PREVENTABLE Change in initial decision 

- Dosage adjustment 

1139 Change in initial decision 

- Dosage adjustment 

NOT PREVENTABLE 

 

2090 Change in initial decision 

- Stop the drug 

NOT PREVENTABLE 

2313 Change in initial decision 

- Stop the drug 

Intensive monitoring 

1242 Change in initial decision 

- Substitute alternative agent 

Intensive monitoring 

 

2162 (b) Change in initial decision 

- Substitute alterative agent 

Intensive monitoring 

 

1072 Change in initial decision 

- Stop the drug 

Intensive monitoring 

1111 Change in initial decision 

- Dosage adjustment 

Change in initial decision 

- Dosage adjustment  
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Table: (Continued) Suggestion of action that can prevent the reaction or change in initial 

decision 

Case 

Action to prevent 

Medical panel Pharmacist panel 

1060 Change in initial decision 

- Substitute alterative agent 

Change in initial decision 

- Substitute alterative agent 

1090 Change in initial decision 

- Stop the drug 

Change in initial decision 

- Stop the drug 

2061 Change in initial decision 

- Substitute alterative agent 

Change in initial decision 

- Substitute alterative agent 

1253 Change in initial decision 

- Dosage adjustment 

Change in initial decision 

- Dosage adjustment 

 

5.4 Discussion 

Previous studies have highlighted the burden of ADR in hospital and ambulatory settings, 

stressing the preventability of many ADR cases.  A seminal  paper which highlighted the 

importance of understanding the preventability of ADR stated, 70-80% are predictable 

and may be preventable (Melmon, 1971).  Another author illustrated that almost half of 

the ADR identified in hospitals are potentially preventable, using pre-specified definition 

(Hallas et al., 1990b).  This has been employed by other researchers and recent studies 

have started focusing on preventable ADR, which are an important contributor for the 

development of preventative strategies (Kanjanarat et al., 2003, Thomsen et al., 2007).  

However, only a few studies have focused on preventability in older patients, of which, 

many use different categorisation schemes or definitions of preventability (Gray et al., 

1998, Chan et al., 2001, Gurwitz et al., 2003).  The key question that arises is how to 

define and measure preventability of ADR?  This question becomes more complex if one 
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were to consider the inter-professional variation that might be observed during the 

decision making process.  The current study highlighted the uncertainty and difficulties 

that exist in classifying preventability of ADR cases.   

   

The assessment of preventability of ADRs that occur during hospital stay and ADRs 

causing hospital admission are quite distinctive, with the involvement of different 

underlying processes.  Judging an ADR that occurs on the ward as preventable requires 

analysis of contributing factors obtained from; the patient‟s interview, readily available 

information collected from the treating physician and daily drug chart monitoring.  

 

Lack of information on the sequence of events that contributes to the classification of 

preventability of ADR was identified as an important factor for the disagreement noticed 

in this study.  Background knowledge of the reviewers, including physicians or 

pharmacists, on the particular case is vital in order to make an informed decision.  There 

are circumstances where certain ADR cases can be classified as non-preventable at the 

time the event occurred, however, the decision can be changed to preventable after a 

certain time period, this would be based on new information available, guidelines 

published which might change the prescribing practices, and patients care pathways in 

certain hospitals.  

 

The weakness of the currently available methods for assessment of preventability lies in 

its emphasis on the occurrence of certain types of errors that precede the occurrence of an 

ADR.  Therefore, assessing preventability might be a great challenge in the absence of 

that information.  However, there is still a need for an individual to make judgements 

based on personal experiences and knowledge, which could contribute to inconsistency 

noticed and lack of reproducibility of the outcome measured.  The availability of clinical 

evidence is also fairly important in the assessment of preventability.  Therefore, careful 

characterisation of clinical manifestation and indicators or markers leading to the 

occurrence of ADR is equally necessary.   
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Perhaps, a simpler method for classification of preventable ADR should be developed 

emulating the concept employed to identify preventable drug-related morbidities 

(PDRMs) (Mackinnon and Hepler, 2002).  Thus, in order to judge an event as 

preventable, an ADR must be recognisable and foreseeable with the outcome being 

identifiable and controllable.  Possibly, a new definition for preventability including these 

aspects would provide a solution for this problem.  Therefore, a new definition for 

preventable ADR is proposed considering various aspects and limitations:   

 

“A noticeably harmful reaction related to medication use, preceded by inappropriate care 

and medication error (including error of commission and omission), which is 

recognisable and foreseeable, the problem has to be identifiable and controllable at the 

point of prescribing, or warrant additional intensive monitoring.” 

               

The current study also showed that consultants and pharmacists tended to disagree with 

each other, although similar information was provided to make the final judgement. 

Professional perception contributed by different experiences, knowledge and skills may 

have contributed to the variation noticed.  There is also a risk of personal views and 

biases affecting the final decision.  Similar conditions were observed in other settings 

where health professionals were found to routinely disagree about the urgency of care in 

emergency department patients (Gill et al., 1996).  

 

Classification of preventability, either using an expert judgement or criterion based 

judgement, is being widely used, although, there is no publication evaluating the validity 

and reproducibility of the method.  In the context of causality assessment, Agbabiaka and 

colleagues (2008), concluded that; expert judgement needed to be applied along with 

other methods to provide a valid outcome, although it is non-calibrated and the decision 

making might not be explicit and reproducible (Agbabiaka et al., 2008).  Perhaps, the 

same concept could be applied in the classification of preventability.   
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Clearly, there seems to be an agreement that if an ADR were classified as preventable, 

either change in the initial decision at the point of prescribing or providing additional 

intensive monitoring could prevent the events.  It is possible that, a system which could 

identify those patients who are at risk of experiencing an ADR could help in stratifying 

those patients who would need extensive monitoring.  Providing a safety net around these 

patients could prevent the occurrence of ADR.  A recent review by Kanjanarat et al 

(2003) identified inappropriate prescribing decisions and patient monitoring as the most 

frequently identified cause of preventable ADR.  Thus, it is evident that appropriate 

initial prescribing, especially in the older patient, is vital.  

       

As for the limitations of the study, the findings of this study should be interpreted with 

caution, as only 17 cases were evaluated for in-depth analysis of preventability using only 

two consensus panels.  However, purposive sampling of cases based on different 

categories of severity and causality levels may add to the reliability of the study outcome.  

 

Another limitation of this study is the representation of participants on the consensus 

panel.  Inclusion of a nurse and even patients, as the participants, would have provided a 

broader insight into the preventability issue, especially if related to inappropriate care or 

drug administration.  Patient participation would have allowed better understanding of 

issues pertaining to the relationship between preventable ADR and adherence issues.       

5.5 Conclusion 

Classification of preventability is not a straightforward task.  Disagreement was also 

noticed among pharmacists and physicians in making the final decision.  Professional 

perception and experiences of individuals might be an important factor for the 

disagreement noticed.  The extent of preventability might also be different at the point of 

the occurrence of an ADR.  Unorganised and low quality information available may 

contribute to variability in judgment.  
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Complete background information on the nature of the suspected preventable ADR would 

provide strong evidence to classify the preventability, whether it is due to the predicted 

pharmacological effect of the drug or caused by an error.  Vague definition of 

preventability and unavoidable subjectivity of judgement may be the key reason for the 

disagreement noticed.    

 

A standardised preventability assessment system with a broader definition and with the 

application of different methods of assessment, such as clinical judgement and the 

algorithm approach, may help to overcome this problem.  However, this concept may 

carry a risk of development of multiple methods by different researchers.  Perhaps, a 

simple and concise definition, which also considers whether an ADR is preventable at the 

time the drug is prescribed, would be vital and useful.   

 

A system that can help identify patients who are at risk of developing ADR is important 

to ensure that high risk patients can be monitored accordingly with the aim of preventing 

the occurrence of ADR.  The following chapter will focus on the development and 

validation of an ADR risk prediction model, which will be an agreeable way to stratify 

patient based risk factors.        
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CHAPTER 6 DEVELOPMENT AND VALIDATION OF 

RISK MODEL 

 

6.1 Introduction for validation of risk model      

Clinical prediction models are widely used in the field of medicine and research to 

classify patients with certain diseases, in order to inform the care process. One recent 

example is the use of the QD Score, as the risk prediction algorithm, to estimate a 10 year 

risk of acquiring diagnosed type-2 diabetes in an ethnically and socioeconomically 

diverse population (Hippisley-Cox et al., 2009).  Risk stratification models are a subtype 

of a clinical prediction model.  Rather than the usual efficacy–oriented focus of treatment, 

risk stratification models determine whether risk factors identified in a local population 

explain the occurrence of events in that population (Miller III, 2001).  An ADR 

prediction model is an example of a risk stratification model, which is part of a 

preventative strategy by highlighting patients at risk, as discussed in Chapter 1. It could 

provide an effective way to prevent ADR in older people by predicting high risk patients 

and informing the design and implementation of targeted intervention.   

 

Several algorithms for predicting adverse drug events are currently available, although 

they have limitations (McElnay et al., 1997, Rask et al., 2005, Johnston et al., 2006). 

Table 6.1 summarised the previous studies which attempted to design and develop a 

model predictor of ADR.  
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Table 6.1: Details of studies regarding ADR risk model development in the elderly  

Study 

(country) 
Methodology 

Age of 

patients 

Number of 

admission 

Primary 

outcome 

Results of Regression 

Analysis 
Limitation 

(Bates et 

al., 1999) 

(USA) 

 

 

Nurse & 

Pharmacist 

reporting; 

2.Nurse 

investigator 

ward visit twice 

daily weekdays 

3.Nurse 

investigator 

daily chart 

review.  

Cohort Study: 

Mean age= 

51.8 18.8 

 

Case control 

Study: 

Mean age= 

56.8 18.8 

4081 ADE, 

Preventable 

ADE & Severe 

ADEs 

Cohort Study 

Univariate: 

7 variables 

Case control Study: 

Multivariate 

-ALL ADE 

Exposure to 1/>psychoactive 

drugs (OR 2.1, 95% CI 1.3-

3.6) 

1.Only one variable 

identified as predictor of 

ADR 

2. Failed to developed a 

scoring system 

3. Cohort study was based 

on limited data available 

electronically 

 

(McElnay 

et al., 

1997) 

(Northern 

Ireland, 

UK) 

Prospective chart 

review, 

computerised 

hospital records and 

structured patient 

interview 

Given written 

inform consent 

Patients aged 

≥65 years 

 

Mean age= 

(Range 65-98) 

929 patients  

(204 formed 

study 

population for 

Phase 2-

Validation 

ADE 

-ADR 

-ineffective 

treatment (poor 

compliance) 

Toxic effect –

drug overdose 

and drug abuse 

7 variables : 

-Digoxin (OR 1.99) 

-a/depressant (5.79) 

-GI disorder (n,v,d) (2.16) 

-COAD (2.41) 

-Angina (0.17 

-Abnormal K
+
 (2.57) 

-Pt think their drug 

responsible for hospitalisation 

(4.21) 

1. Small sample size for 

validation dataset and also 

use the same population 

for validating purposes  

2. Low sensitivity for the 

scoring system 
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Table (Continued): Details of studies regarding Risk model development in elderly ADR 

Study 

(country) 
Methodology 

Age of 

patients 

Number of 

admission 

Primary 

outcome 

Results of Regression 

Analysis 
Limitation 

(Johnston 

et al., 

2006) 

 (USA) 

Retrospective 

analysis of 

voluntary reported 

AE. Data collected 

from reporting 

forms and hospital 

database logs 

All patients 

admitted 

during study 

period 

 

Mean age= 

34.5 25.7) 

18 820 

 

Training data 

set (n=30,103) 

 

Validation 

dataset 

(n=30,103) 

AE 

-Defined as any 

ADR or 

medication error  

Certain  age group (<1 yr & 

60 yr), diagnosis, admission 

sources, types of insurance, 

and the use of specific 

medications or medication 

classes assoc with increased 

ADE rate 

1. Retrospective analysis 

using voluntary reported 

data 

2. Study based on US 

health care system and 

population 

3. Younger population  
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In one early attempt, Bates and colleagues attempted to develop a risk stratification 

model to identify patients likely to experience an adverse drug event.  The author used 

two approaches: a cohort analysis and a case-control study.  However, their attempts were 

unsuccessful because they only identified one independent predictor of adverse drug 

events with relatively little power.  In addition, the cohort analysis was undertaken using 

limited information about patients that was available electronically.  

 

Recently, Johnston et al. (2006) identified several variables and specific patient 

characteristics associated with an increased risk of ADR or medication error. 

Retrospective nature of the study, which relied on voluntary reporting of ADR, could 

underestimate the actual problem.  In addition the study was also conducted in the USA 

which limits the generalisability of the results to other countries which have different 

health care systems.  In another study which was focused on patients more than 65 years 

old, a predictive model for adverse drug event consisting of seven variables was 

developed.  However, internal validation of the model using a small sample size had a 

very low level of sensitivity (41%), which confined usage in daily clinical practice.   

 

In general, the limitations of the previous studies can be summarised as follows; limited 

sample size, development of a risk prediction model based on a diverse population, and 

tools which were not validated in other populations.  In addition, these models are also 

not focused specifically on ADR.  This has led us to integrate the development of a tool 

based on the UK population.  This new ADR prediction model will focus on both patients 

and medical factors that are associated with ADR in older people.  

 

As previously stated, validation of a model is equally crucial to ensure its usability, 

applicability and generalisability in other clinical settings.  In other words, the validation 

process will ascertain whether the model will work adequately in different populations, 

other than from where it was derived.   
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The current chapter will focus on the process of derivation and validation of the new 

ADR risk prediction model (Figure 6.1).  To achieve this, the study was divided in three 

main stages: 

1. The condition for model development which determine the factors that 

will be included in the final model 

2. Statistical manipulation of the predictors to see the predictor power for the 

statistical modelling process 

3. Validation of the risk score in different dataset  

 

Figure 6.1:  Flow chart describing model development and validation process 

 

Development of model using Brighton dataset 

(BADRI study dataset) 

Estimation of the coefficients 

Statistical test of the significance of 

the coefficients 

- The Wald statistics 

- Likelihood ratio test 

Assessment of the fitted model 

a) Goodness of fit  

- Hosmer-Lemeshow test 

b) Measures of effect size  

- Nagelkerke R
2
 

c) Discrimination of model   

- AUROC analysis 

Validation in testing dataset (4 centres) 

a) Accuracy of score  

- sensitivity and specificity 

b) Discrimination of model  

- AUROC analysis 
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6.2 Methods  

6.2.1 Development of ADR prediction model 

The development of an ADR risk score was achieved using the Brighton ADR RIsk 

(BADRI) study dataset (Phase 1), which will be also known as the Brighton dataset.  The 

Brighton dataset which consists of 690 patients was used to develop the BADRI score. 

The method utilised in developing the predictive model will be discussed in detail below. 

The developed tool was later tested on a different dataset, known as the European 

dataset.       

6.2.1.1  Statistical analysis  

Figure 6.2 illustrates the summary of the processes involved in the development of a risk 

prediction model.  Firstly, a framework of variables, or predictors, for developing ADR 

during in-patient stay was developed using the results obtained from the univariate 

analysis of the Brighton dataset.  Variables which were found statistically significant 

with a p-value <0.05 in the univariate analysis were automatically included in the 

multivariate analysis. In addition, variables which were identified from previous studies, 

which showed minimal association (p<0.25) with the outcome and confounding 

variables, were also considered as candidates for inclusion in the model.  Hosmer and 

Lemeslow (1989) have discussed this methodology in detail (Hosmer DW Jr, 1989).  In 

order to avoid the risk of having statistically significant but artefact variable in the model, 

variables which were less than 5% of the study population were automatically excluded 

from the initial framework.  Such a variable is considered unrepresentative of the 

population as a whole (McElnay et al., 1997).  All the selected candidate variables were 

later assessed for multicollinearity and association, to rule out any strong correlation 

between two or more candidate variable (predictors) in the model.   

 

Twelve variables showing significant differences between ADR and non-ADR groups in 

Chapter 3 (Table 3.5) were tested so giving rise to the final variables used in the BADRI 

score.  Another five variables (previous history of ADR, number of co-morbidity ≥ 4, 
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congestive heart failure, and liver disease were also considerd for inclusion in the final 

analysis. However, some of the variables were then excluded from final model due to the 

reasons explained in the previous paragraph.  For example, variable such as liver disease 

was excluded because it represented less than 5% of the study population.  Other 

variables such as diagnosis of diabetes, congestive heart failure, arthritis, impaired renal 

function measured by eGFR, use of cardiac glycosides, antihypertensives, anti-infectives 

agents, opioid analgesics, and ACEIs were not included into the final multivariate 

analysis because there was a high association between these variables.  Chi-square test 

was used to analyse the association between the independent variables. Variables were 

considered associated if the p value is less than 0.05.  These resulted in the final lists of 8 

variables which were shown to predict an elderly patient‟s risk of experiencing an ADR 

and were included  in the final multivariate analysis.  

 

Multivariate analysis was undertaken using binary logistic regression analysis.  Logistic 

regression is a linear model that describes the relationship between a log linear 

combination of risk factors and the probability of an outcome (Miller III, 2001).  The 

logit or log odds are the estimate of the outcome likelihood.  In multivariate analysis, 

variables or risk factors which are statistically significant predict the odds of the outcome 

by adjusting for other confounding factors.  During the analysis, the occurrence of ADR 

during inpatient stay was set as dependent variables whereas each candidate variables 

listed earlier were entered as independent variables.  

 

The process of including variables into the model was achieved using the backward 

elimination procedures and later repeated using forward selection techniques.  Both 

techniques allow which variables, always to be included in the model to be stipulated. 

The backward elimination procedure, using the maximum likelihood method, was 

performed to identify variables to be retained in the final model.  The removal criteria 

was set at p=0.10 to allow variables to remain in the model for as long as possible 

(Hosmer DW Jr, 1989).  In this technique, one variable at a time will be eliminated from 

a model that contains all the candidate variables, using an iterative process. Variables, 

starting with the least significant, will be removed from the model until all the non-
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significant variables are eliminated.  The fit of the model is tested after elimination of 

each variable to ensure that the model still adequately fits the data.  The whole procedure 

was repeated with the forward selection procedure before confirmation of the final 

variables to be included in the model.  

 

This iteration process identified a set of main variables, which formed the final risk 

model, known as BADRI score.  Scores for each variable retained in the final model were 

selected based on the coefficient value computed from the regression model.   
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Figure 6.2: Flow charts showing the process involved in developing the risk prediction 

model 
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6.2.1.1.1 Assessment of the fitted model  

An important aspect, when developing a model, is estimating the coefficient of the 

variables to be included in the model. The importance of each explanatory variable or 

predictors included in the model was measured by conducting statistical tests of the 

significance of the coefficients (Wald statistics, Likelihood ratio test).  This was followed 

by the assessment of the fitted model, by analysis of the overall calibration of the model. 

(Goodness of fit, Hosmer-Lemeshow test, Nagelkerke R
2
).  Finally, the discrimination of 

the model was assessed.        

6.2.2 Validation of BADRI score 

Validation of the BADRI score was undertaken in collaboration with four European 

centres (Italy, The Netherlands, Belgium, and UK). The collaboration was part of the 

GerontoNet group which is a Europe-wide network of Academic Geriatric Units.  

Another tool (GerontoNet ADR Risk score) was developed using the GIFA study dataset 

and both risk prediction models were validated using the European dataset which was 

collected prospectively.  

 

The methods used in the validation arm of the study were changed slightly to suit and 

standardise the information being collected from various European centres.  The aim of 

this study was to evaluate the reliability of the BADRI score both locally (Brighton 

patients) and also in the European populations.     

6.2.2.1  Settings and sample 

The risk prediction model (BADRI score) which was developed using the Brighton 

dataset was validated in a sample of in-hospital older adults admitted to four Geriatric or 

Internal Medicine wards in the participating study centres (Catholic University of Sacred 

Heart, Rome, Italy; Gent University Hospital, Ghent, Belgium; Brighton and Sussex 

Medical School, Brighton, UK; Erasmus University Medical Centre, Rotterdam, The 

Netherlands). 
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All patients, admitted to participating centres between September 2008 and December 

2008, were enrolled in the Medical and Surgical Assessment Unit (MASU) and followed 

until discharge or death.  Exclusion criteria were set for patients aged less than 65 years 

old, on current chemotherapy regimens, and not keen to participate in the study.  Ethical 

approval was obtained from the Local Research Ethic Committee group for conducting 

this research.  

6.2.2.2  Data collection form 

An adapted version of the data collection form used in the BADRI study was completed 

for each patient on admission and was updated daily by the investigator.  The data 

recorded for each patient included; socio-demographic characteristics, indicators of 

physical function (Katz-ADL), cognitive status on admission (MMSE), clinical diagnoses 

at admission and discharge, medication taken prior to admission, during hospital stay, and 

those prescribed at discharge, biochemical and blood parameters on admission.  

6.2.2.3  Primary outcome 

Data on ADR were collected using the methodology used in the GIFA study.  Only 

„definite and probable‟ ADR cases based on Naranjo algorithm (Naranjo et al., 1981) 

were considered for further evaluation.  Naranjo algorithm is an explicit method used to 

assess the causal relationship between the drug and suspected reaction in the patients.  

The score for the risk of developing ADR was calculated during the analysis of the data.  

The study researcher, responsible for data collection was blind to the variables entering 

the ADR risk score.  

6.2.2.4  Statistical analysis 

Descriptive analysis was carried out to characterise the demographic data of the patients 

included in the study.  The predictive accuracy of the model was assessed by computing 

the accuracy of the score and also by determining the discrimination of the model, both in 

the Brighton and European dataset.   
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6.2.2.4.1 Accuracy of score  

6.2.2.4.1.1 Sensitivity and specificity 

The accuracy of the score or the „usefulness‟ of the model in predicting ADR was 

assessed by evaluating the sensitivity and specificity.  

 

Model-predicted probabilities which are ranged from zero to one were generated for each 

patient included in the testing dataset. The calculated probability of one, represents the 

highest risk of experiencing an ADR whereas zero represents the lowest risk (McElnay et 

al., 1997).  Both sensitivity and specificity were calculated by comparing the probabilities 

with ADR scores for each patient.  Sensitivity is defined as the proportion of patients 

with an ADR who were correctly identified by the test (Bewick et al., 2004).  Specificity 

is the proportion of patients without ADR who were recognised by the test.  An ideal 

discriminating score would have sensitivity and specificity close to 100%.  

6.2.2.4.1.2 Youden’s index 

Youden‟s index (J) is a statistical method utilised to select various optimal cut-off values 

or thresholds score for a model.  The cut-off value can be used to stratify patients either 

into high risk or low risk of predicting ADR.  Although, it is desirable to choose a cut off 

value with a high sensitivity and specificity, this is not usually practical in real terms. 

Scores with the highest J value are usually chosen as the cut off value.  In certain cases 

cut off values with a relatively high specificity are chosen if the false-negative findings 

are more critical than false-positive ones (Bewick et al., 2004).  For example, better to 

highlight those who did not experience an ADR rather than fail to identify those who did.  
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6.2.2.4.2 Discrimination of model   

6.2.2.4.2.1 AUROC curves 

Discrimination of the model was assessed using “Area Under Receiver Operating 

Characteristics (AUROC) curve, which assess the ability of the risk score to predict 

ADR.  AUROC indicates how well the model distinguishes patients who do not 

experience ADR from those with ADR (Bewick et al., 2005).  The AUROC value 

signifies the probability that a patient with an ADR had a higher predicted probability 

than a patient without ADR.  An ideal model would have an AUROC of 1, whereas a 

random guess would have an AUROC of 0.5.   

 

6.3 Results 

6.3.1 Development of BADRI score 

After adjusting for confounding variables and other risk factors which were chosen based 

on other studies, five variables were retained in the final model.  All of these five 

variables were included in the final BADRI score with a score of 1 allocated for each 

variable (Table 6.2).  
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Table 6.2: Variables included in the model.  

Variables B S.E Wald Sig. OR 95 % CI 

Hyperlipidemia 1.199 0.309 15.093 <0.001 3.316 1.811-6.072 

Number of medication ≥8 1.194 0.274 18.922 <0.001 3.300 1.927-5.651 

Length of stay ≥12 days 0.819 0.267 9.441 0.002 2.269 1.345-3.826 

Use of hypoglycaemic 

agents 

0.645 0.309 4.352 0.037 1.906 1.040-3.493 

High white blood cell count 

on admission 

0.437 0.254 2.953 0.086 1.548 0.940-2.548 

Constant -3.628 0.316 131.769 1 0.000 0.027 

Odd ratio (OR) and 95% confidence interval (CI) are derived from stepwise multivariate logistic 

regression. Variables were retained in the model when p≤0.10. 

B=Beta coefficient 

S.E=Standard error 

Sig=Significant value 
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Table 6.3: Candidate variable or predictors of ADR 

1. Statistically significant variables (P<0.05) from univariate analysis 

- history of hyperlipidemia,  

- increased white blood cell count on admission,  

- length of stay of more than 12 days,  

- hypoglycaemic agents,  

- total number of medication more than or equal to 8 

2. Clinically important from previous published risk factors (P<0.25) 

- history of previous ADR,  

- number of co-morbidities more an equal to 4,  

- drugs with a narrow therapeutic index,  

 

Table 6.3 lists the variables included as independent variables during the multivariate 

analysis.  These variables were selected based on biological or clinical considerations and 

not solely on statistical results.  Assessment for multicolinearity found that no issue on 

colinearity exists between the continuous predictor variables.  For the binary variable, a 

chi-square test was undertaken to see if there was high association between the variables. 

Five of these variables including history of hyperlipidemia, increased white blood cell 

count on admission, length of stay more than 12 days, hypoglycaemic agents, and a total 

number of medications ( 8) were associated with an increased risk of ADR with P≤0.05 

at univariate analysis level.  

The backward stepwise elimination procedure was utilised in the logistic regression for 

the development of the final model (BADRI score).  Five variables were retained in the 

final model.  Repeating the process using forward stepwise techniques resulted in the 

same outcome. The final result of the logistic regression analysis is depicted in Table 6.2.  

The Wald test shows that all five explanatory variables contribute significantly to the 

model. In addition, none of the confidence intervals for the odds ratios include 1, which 

further confirms the findings.  
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The interpretation of the odds ratio for any one variable at one time depends on the values 

of the other variables being fixed in multivariate outcome.  For example, the odds ratio of 

3.32 for hyperlipidemia specifies that the odds of ADR occurrence in patients with 

hyperlipidemia are 3.32 times that of patients without hyperlipidemia.  

Assessment of the fitted model revealed some interesting findings.  The goodness of fit of 

the model was satisfactory based on the Hosmer-Lemeshow test results (
2
=4.196, 7 

degrees of freedom, P=0.757).  However, the Nagelkerke R
2
 value was low (0.16), 

suggesting that the effect size is small. A fair level of performance was obtained for the 

assessment of the discrimination of the model with the AUROC value of 0.74 (95% CI 

0.68 to 0.79). AUROC value was greater than 0.5, suggesting that the ability of the 

BADRI score to predict an ADR was better than by chance alone.    

 

The scoring point for each variable in the BADRI score was determined based on the 

coefficient value obtained from the multivariate analysis.  Each variable, for simplicity, 

were given 1 point because they were all in same order of magnitude.  Thus, a simplified 

version was applied in BADRI score.  

 

Each variable present scored 1 point and the ADR risk score for each patient in the 

Brighton dataset was calculated by the number of variables identified.  The range of the 

risk score was from 0 to 5 points, with mean of 1.5, standard deviation 1.05, and median 

1.  The rate of ADR progressively increased as the BADRI score increased (Figure 6.3).   
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Figure 6.3: ADR rate according to ADR risk score in the Brighton dataset 

ADR rate according to ADR risk score

1.7
6.5

16.3

25.0

33.3

100.0

0

10

20

30

40

50

60

70

80

90

100

0 1 2 3 4 5

Score

P
e
rc

e
n

ta
g

e
 o

f 
A

D
R

                    (n=2)            (n=15)           (n=35)          (n=25)            (n=7)             (n=2)  

 

Analysis of the accuracy of the score using the same dataset revealed that it had a 

sensitivity of 80% and a specificity of 55%.  These values were recorded when the risk 

score of more than 1 was set as the cut-off point for a high risk of developing ADR based 

on Youden‟s Index.  A cut-off point of more than 1 seemed to have a good balance 

between sensitivity and specificity and could be useful in identifying patients at high risk 

for ADR (Table 6.4).  However, it is important to note that validation of a scoring system 

using the same dataset will lead to overestimation of the outcome.  
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Table 6.4: Number of patients according to score, using a range of cut-off values, and 

patients with ADR plus sensitivity and specificities 

Risk 

Score 

Patients 

with ADR 

Patients 

without 

ADR 

Sensitivity Specificity Youden‟s 

index (J) 

1-specificity 

> 0 84 486 0.98 0.20 0.17 0.80 

>1 69 269 0.80 0.55 0.36 0.45 

>2 34 89 0.40 0.85 0.25 0.15 

>3 9 14 0.10 0.98 0.08 0.02 

>4 2 0 0.02 1.00 0.02 0.00 

 

Table 6.5: Results of Area Under Receiver-Operating Characteristic curves generated by 

testing BADRI score in both Brighton and European dataset  

Dataset AUROC Standard error 95% Confidence 

Interval 

Brighton dataset 0.735 0.028 0.681-0.790 

European dataset 0.729 0.036 0.658-0.800 
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6.3.2 Validation study 

The validation study which was conducted using the dataset from the four centres, 

recruited 483 patients.  The mean age of these patients was 80.3±7.6 years, mean number 

of drugs used during hospital stay was 11.0±7.0 and ADR was observed in 57 (11.6%) of 

the total patients.  Table 6.6 shows the demographic data of the patients in the ADR and 

non-ADR group.  

All the variables included in the model were associated with an increased rate of ADR 

with the exception of increased white blood cell count on admission.  Figure 6.4 presents 

the distribution of variables included in the score according to ADR in this population. 

The accuracy of the model in predicting ADR was assessed by calculating the sensitivity 

and specificity at various cut off points which are depicted in the Table 6.7.  The ADR 

rate increased according to the ADR risk score with a slight decrease in the score of 5. 

The slight reduction in the ADR rate at score five could be explained by the small 

number of patients with ADR having a total score of 5.  Using a cut-off point of more 

than 1, for a high risk of developing an ADR, was based on a result from the Brighton 

dataset, where a sensitivity of 80% and specificity of 46% was obtained.  The BADRI 

score had acceptable discrimination capacities in the European dataset with an AUROC 

of 0.73 (95% CI 0.66-0.80.  This result indicates that the BADRI score is statistically 

useful in predicting ADR not only in local population (Brighton patients) but also 

applicable to other populations.        
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Table 6.6: Patient characteristics and ADR in the European dataset 

Characteristics 

No. (%) Patients 

P value 

Patient in 

non-ADR 

group 

(n=427) 

Patient with 

an ADR 

(n=56) 

Total 

(n=483) 

Demographic     

Age (yr)  80 (74-86) 82 (77-87) 80 (75-86) 0.037* 

Gender (Female) 249 (58.3) 30 (53.6) 279 (57.8) 0.499 

Centres     

Gent 96 (22.5) 4 (7.1) 100 (20.7) 0.002* 

Brighton 128 (30) 22 (38.6) 150 (31.1)  

Rome 89 (20.8) 21 (37.5) 110 (22.8)  

Rotterdam 114 (26.8) 9 (25.8) 123 (25.5)  

     

Clinical      

Length of Stay     

(days)  

10 (6-15) 15 (10-21) 10 (6-17) <0.001* 

Length of stay ≥12 

days 

173 (40.5) 36 (64.3) 209 (43.3) 0.001* 

Katz Activity of daily 

Living(ADL)  

1 (0-4) 1 (0-4) 1 (0-4) 0.859 

Cognition (MMSE)  27 (23-28) 25 (18-28) 26 (22-28) 0.021* 

Delirium (CAM 

Score) 

26 (6.1) 1 (1.8) 27 (5.6) 0.188 

Fall (within 15 days) 101 (23.7) 14 (25) 115 (23.8) 0.824 

History of bleeding 76 (17.8) 9 (16.1) 85 (17.6) 0.750 

≥4 co-morbid 

condition  

333 (78) 52 (92.9) 385 (79.7) 0.009* 

* Statistically difference with p<0.05 

 Median (Inter Quartile Range) 
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Table (continued): Patient characteristics and ADR in the European dataset 

Characteristics 

No. (%) Patients 

P value 

Patient in 

non-ADR 

group 

(n=427) 

Patient with 

an ADR 

(n=56) 

Total 

(n=483) 

Laboratory value      

Haemoglobin  12.4 (11-13.5) 11.7 (10.5-

13.1) 

12.3 (11-13.5) 0.030* 

Urea  7.85 (3.7-18) 16.4 (10.2-26) 8.85 (3.9-18) <0.001* 

Albumin  39 (36-43) 37 (32-40.5) 39 (35-43) 0.002* 

High white blood cell 

count on admission 

118 (27.6) 21 (37.5) 139 (28.8) 0.293 

Medication  &       

Co-morbidities 

    

Anaemia 112 (26.2) 23 (41.1) 135 (28) 0.020* 

CRF 53 (12.4) 13 (23.2) 66 (13.7) 0.027* 

CHF 59 (13.8) 8 (14) 67 (13.9) 0.970 

Diabetics 103 (24.1) 28 (50) 131 (27.1) <0.001* 

Hypertension 262 (61.4) 43 (76.8) 305 (63.1) 0.024* 

Hyperlipidemia 110 (25.8) 25 (44.6) 135 (28) 0.003* 

     

Chest and urinary tract 

infection  

103 (24.1) 22 (39.3) 125 (25.9) 0.015* 

Liver disease 28 (6.6) 2 (3.6) 30 (6.2) 0.384 

* Statistically difference with p<0.05 

 Median (Inter Quartile Range) 
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Table (continued): Patient characteristics and ADR in the European dataset 

Characteristics 

No. (%) Patients 

P value 

Patient in 

non-ADR 

group 

(n=427) 

Patient with 

an ADR 

(n=56) 

Total 

(n=483) 

Drug Related     

Number of regular 

medication on 

admission  

5 (3-8) 7 (4-9) 5 (4-8) 0.015* 

Number of regular 

medication on the 

ward  

9 (6-14) 11 (9-15) 9 (6-14) 0.016* 

Previous History of 

ADR 

147 (34.4) 26 (46.4) 173 (35.8) 0.078 

Number of medication 

≥8 

268 (62.8) 49 (87.5) 317 (65.6) <0.001* 

Use of hypoglycaemic 

agents 

89 (20.8) 22 (39.3) 111 (23) 0.002 

* Statistically difference with p<0.05 

 Median (Inter Quartile Range) 
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Figure 6.4: ADR rate according to ADR risk score in European dataset 
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Table 6.7: Number of patients according to score, using a range of cut-off values, and 

patients with ADR plus sensitivity and specificities 

Risk 

Score 

Patients 

with ADR 

Patients 

without 

ADR 

Sensitivity Specificity 
Youden‟s 

index (J) 
1-specificity 

> 0 54 365 0.96 0.15 0.11 0.85 

>1 47 243 0.84 0.43 0.27 0.57 

>2 34 114 0.61 0.73 0.34 0.27 

>3 15 30 0.27 0.93 0.20 0.07 

>4 3 5 0.05 0.99 0.04 0.01 
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Table 6.8: Frequency distribution of ADR risk score in European dataset   

ADR risk score 

The occurrence of ADR during hospital stay, n (%) 

Patients with ADR 
Patients without 

ADR 
Total 

0 2 (3.6) 62 (14.5) 64 

1  7 (12.5)  122 (28.6) 129 

2  13 (23.2)  129 (30.2) 142 

3  19 (33.9)  84 (19.7) 103 

4  12 (21.4)  25 (5.9) 37 

5  3 (5.4)  5 (1.2) 8 

Total  56 (100) 427 (100) 483 
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6.4 Discussion      

A model that can predict the occurrence of ADR in older patients based on their risk 

factors will provide additional attention to treatment.  Although there have been a number 

of models developed to predict the occurrence of ADE in older patients, a simple tool 

with good discrimination properties would be a valuable tool to reduce the prevalence of 

ADR in hospitalised in-patients.  The BADRI score was developed using UK patients‟ 

data, the majority of which consisted of very elderly patients (≥80 years old).  The 

BADRI score was validated externally in different locations to ensure the generalisability 

of the model.  

 

The current study identified five predictors of ADR which were retained in the final 

model after logistic regression analysis.  All variables were categorised into binary 

outcomes in order to simplify the scoring process.  The BADRI scores were derived from 

an older patient population with median age of 85 years (IQR 81-89).  This is 

significantly higher than other studies published that focused on developing a model 

predictive for ADR.  The different types of variables retained in the model, compared to 

previous studies, may also represent the uniqueness of the patient population studied.  In 

addition the BADRI score consists of fewer predictor variables compared to other models 

currently available. 

       

Another risk model focusing on older patients was developed back in 1997 (McElnay et 

al., 1997).  This risk predictive model focused on ADE as compared to ADR.  Internal 

validation of the model only produced a sensitivity of 40.5% which indicates that this 

model is not a satisfactory predictor of ADEs.  Analysis of the discrimination of the 

model was not conducted in this study.  Other studies which have attempted to develop 

predictive models for adverse events have not conducted validation, which restricts the 

applicability of the model to other population groups.     



 

181 

 

Well known risk factors such as age, previous history of ADR, gender (Fattinger et al., 

2000), CHF , prior bleeding on admission (Mannesse et al., 1997), renal impairment 

(Corsonello et al., 2005), cognitive impairment (Gray et al., 1998)), use of certain drug 

classes (Howard et al., 2007), and certain laboratory parameters (McElnay et al., 1997) 

were not retained in the current final model.  Age was not found to be a significant risk 

factor in contributing to ADR in our population even though it was identified as a 

significant risk factor in previous studies (Onder et al., 2002a).  This can be explained by 

the inclusion criteria with a broader range of age group as compared to just patients over 

65 years old.     

 

Hyperlipidemia and length of stay are two new variables retained in the BADRI score. 

The inclusion of length of stay in the current model adds to the uniqueness of the current 

finding, whereby it can be used progressively during the admission as the risk of ADR 

accumulates and increases during in-patients stay in older patients. It could also be 

described by the increasing number of medications which could initiate prescribing 

cascade.  This also allows the BADRI score to be utilised not only on day of admission 

for risk stratification but also after several days of admission. 

 

An association between a high white blood cell count on admission and ADR risk was 

identified in the current study.  This simply shows that „sicker‟ older patients with 

multiple medications have a higher risk of developing ADR due to pharmacokinetic and 

pharmacodynamic changes. 

 

The BADRI score was found to have a good model fitting in both the Brighton and also 

the European dataset.  This was in addition to the biologically plausible variables which 

were retained in the model.  The discrimination performance was similar in the Brighton 

and European dataset.  Validation of the model also showed a fair level of discrimination 

performance which was similar in both datasets.  AUROC value greater than 0.7 for the 

model showed that it has acceptable discrimination capacities, in distinguishing patients 

with ADR, as compared to non ADR patients.   
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The sensitivity of 80% indicates that the model in its present form is a satisfactory 

predictor of ADR, although it has low specificity (46%).  Since the main aim of the tool 

is to stratify patients based on their risk of suffering an ADR, making a false positive 

classification would not make a serious implication on the patient‟s outcome as compared 

to other serious and untreatable diseases.  For example, giving disease specific treatment 

to patients without the condition due to false positive classification would result in poor 

patient‟s outcome.  However, a low risk patient classified as high risk of suffering an 

ADR will not have a harmful outcome.  In fact, these patients will potentially benefit 

because they will receive additional attention during their hospital stay.  

  

Although there are several advantages of the BADRI score in predicting ADR risk, there 

are also some limitations that need to be addressed.  Causality assessment for ADR in the 

testing dataset was done using Naranjo‟s algorithm.  Contrary, Hallas criteria was utilised 

to determine causality in the Brighton dataset.  The use of different criteria might affect 

the outcome of the study.  By providing a careful evaluation of each case by another 

independent reviewer and inclusion of all possible cases as ADR, it might not have a 

major impact on the findings.  

 

The score was validated in four different places; hence the ADR identification process 

might differ in each centre.  Individual variation which occurs due to the evaluation of 

ADR, by different people, from the different hospitals, may affect the outcome.  

However, this problem was reduced by employing a systematic case finding process and 

using a standardised method by applying trigger tool methodology in all the centres.  

 

Education and training to increase awareness of ADR in the participating centres could 

also affect the outcome of the validation process.  Inclusion of only teaching hospitals as 

the validation centres reduces the chances of the variation.  In addition, all the researchers 

from each centre have previous experience conducting research on ADR.    
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The results of this study might be subject to a small extent of information bias especially 

in the validation study group.  Information bias occurs when data collected from patients 

is pursued more aggressively in one group, or recorded differently than in the other.  In 

addition, there might also be a tendency to recall bias in this study which is another form 

of information bias.  Older patient populations have higher prevalence of memory 

impairment which could affect the quality of the data collected. However, careful 

evaluation and extraction of information from the patient notes reduces the chance of 

recall bias in this study. 

6.5 Conclusion     

The development of the BADRI score which consists of five variables for predicting 

ADR in older patients was chosen using a stepwise selection procedure.  The predictors 

were chosen based on the combination of statistically significant tests and also by 

consideration of the biological plausibility and conceptual appropriateness of the 

variables.  External validation conducted in different locations retained the predictive 

power of the model, which ensures the usefulness of the score.  Despite a small number 

of patients from one hospital, the BADRI score consists of different risk predictors in 

comparison to other tools currently available and offers a scoring system which is simple 

to apply, with limited computational involvement.  Further studies are needed to validate 

this tool in different populations and settings.      
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CHAPTER 7  CONCLUSION AND PERSPECTIVES 

 

7.1 Principal finding of this work 

This work identified several new and important findings, in addition to re-confirming 

current data on the incidence of ADR in older patients which has been published 

previously. 

 

The studies reported in this thesis mainly assess the occurrence of ADR during in-patient 

stay and also focus on the identification of ADR to reduce the occurrence of ADR.  The 

studies conducted fall into four main categories.  Firstly, an observational study 

conducted to assess the incidence and nature of ADR that occur among older patients 

during an in-patient stay.  The second relates to inter observer agreement between doctors 

and pharmacists in the classification of events and other main categories.  Thirdly, the 

difficulties of classifying preventability of ADR were reviewed using a consensus panel 

method.  Finally, the development and validation of a risk prediction model, based on 

several risk factors, was suggested as part of the preventative strategies employed to 

reduce ADR.  

 

This is the first study in elderly patients (over 65 years old) to demonstrate incidence of 

ADR to be 12.5% (95% CI 10-14.9) in the UK.  A previous study showed that the 

incidence of ADR was reported to be 14.7% (95% CI 13.6 to 15.9) (Davies et al., 2009). 

However, this study was not focused on older patients [median age 61 (IQR 41 to 77)]. 

Many postulated that older population are more likely to experience ADR (van den Bemt 

et al., 2000, Beijer and de Blaey, 2002, Onder et al., 2002a).  However, this study 

reported the incidence of ADR within the range of other studies that included younger 

patients.  Since the majority (82%) of the study population consists of patients older than 

80 years, the study also confirms that the incidence of ADR is not increased in very older 

patients.  This study also confirms that 69% of the ADR that occur during inpatient stay 
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are preventable, based on Hallas‟s preventability criteria. These finding are comparable to 

previously published studies (Pirmohamed et al., 2004, Hallas et al., 1990b).   

 

The inter-observer reliability study revealed a low level of agreement especially in the 

classification of severity [ =0.66 (95% CI 0.61 to 0.71)], preventability [ =0.52 (95% CI 

0.47-0.57) and confidence level [ =0.50 (95% CI 0.46-0.55)].  The low level of 

agreement for classification of preventability, severity and causality assessment among 

inter-professional staff offers new data which highlighted the core problem in the 

identification and reporting of ADR, especially in older patients.  

 

The qualitative approach allowed for a more in-depth analysis and the challenges 

associated with assigning preventability, a method which has not been utilised in the past. 

This particular study emphasised the need to further refine the definition and 

classification of preventable ADR.  In order to truly prevent ADR, we need to standardise 

our approach so that strategies can then be designed to target prescribing and monitoring 

in this patient group. 

 

The development of the risk prediction tool based on the Brighton patient population 

dataset could inform the design and implementation of ADR prevention strategies 

tailored to the local environment.  The study also demonstrated that the BADRI score, 

consisting of five variables, had satisfactory goodness of fit, accuracy of score, and 

discriminative capabilities when tested on the Brighton dataset.   

 

Validation of the BADRI score in four different European centres provided some 

evidence of the applicability of the tool to identify risk in older patients from other 

countries. This reflects the systematic and standardised data collection method employed 

in all four centres to allow meaningful conclusion to be drawn. Validation of the tool 

showed a fair level of discriminative capability [AUROC of 0.73 (95% CI 0.66 to 0.80)] 

with a scoring accuracy of high sensitivity but at the expense of low specificity (46%). 

Although 80% of the patients with ADR were able to be correctly identified by using 

BADRI score, its low specificity translates into a high level of false positive rate.  This 
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shows that this tool might not be helpful for delivering patient care.  This is a great 

challenge require greater exploration, if this tool is intended to be used in daily clinical 

practice.    

 

In the rest of this chapter, the internal validity of the results will be discussed in detail. 

This will be followed by a brief discussion of the added value of this work to the body of 

current knowledge.  Finally, future plans and perspectives for further work will be 

proposed.      

    

7.2 Validity of the result 

Discussion of the validity of the results is vital if the findings are to be generalisable.  

First of all, the discussion will focus on the standard approach followed by the robustness 

of the method employed in each sub-study.  Then the validity of the outcome 

measurement and selected quantitative and qualitative methods will be discussed.   

 

The chronological approach of first assessing the burden of ADR in the older population 

of a local hospital, and later designing and developing a predictive tool that could help 

reduce the occurrence of ADR was satisfactory.  The preventative strategies selected and 

defined in advance were based on a review of the available literature; the current study 

provided an opportunity to improve understanding and to identify the opportunities and 

limitations available in a local setting.    

 

The standardised method employed in the identification of patients, who experienced an 

ADR, by applying the trigger tool method and also from cases referred by the treating 

physician, pharmacist, or nurses, ensured that the majority of suspected ADR cases were 

captured in the study sample.  The trigger tool method is a valid tool used in many studies 

for identification of ADR (Morimoto et al., 2004, Handler et al., 2006, Handler et al., 

2008).  Stringent and systematic methods applied in the ADR classification process, 

especially in the causality assessment and confirmation of each suspected case with an 

independent reviewer, elucidated the robustness of the method applied in the study.  This 
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is the recognised approach defined by Leendertse and colleagues (2008) in their recently 

published study.  Using the latest definition of ADR (Edwards and Aronson, 2000) 

guaranteed less variability in the study and also enabled direct comparison to other recent 

studies.  

 

In addition, the recognised and previously published criteria used for the classification of 

preventability (Hallas et al., 1990b), severity (Morimoto et al., 2004) and types of ADR 

(Rawlins and Thompson, 1977) further increases the robustness of the method employed.  

The data collection form used during the main study was subject to face validity using 

several experts, to ensure that the information collected during the observational study 

was valid.   

 

Work relating to the assignment of preventability used the consensus panel approach.  In 

order to ensure validity and consistency of both groups, the standardised approach was 

used.  For example, to ensure a full discussion around preventability issues, vignettes 

were constructed from raw data initially collected.  This approach allowed panel 

members to quickly come to final consensus by clarifying some of the key clinical issues 

while still allowing further data to be requested.  The consensus panel was conducted 

with two different groups, pharmacists and doctors, ensuring that the information 

collected represented the opinion of both healthcare professionals.  These criteria were 

listed as the recommendation for robust qualitative research methods (Pope et al., 2000, 

Mays and Pope, 2000).      

 

The method applied in the development and validation of the BADRI score was robust in 

various ways.  Development of the tool using a Brighton dataset which was collected 

from the local hospital ensures the use of the tool could be extended to other hospitals in 

the UK.  External validation of the tool across European countries further increased the 

generalisability of the tool and also adopts the core evidence-based principle described by 

Miller and colleagues (2001) for the development and validation of a risk prediction 

model. 
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The justification for targeting older patients as the study population has been discussed in 

Chapter 1. People in western society are living longer, the elderly population is set to 

grow, so the value of an ADR risk tool is set to increase, given that health care resources 

are unlikely to grow at the same rate.  

 

Without doubt, the current study has several limitations which had already been discussed 

in previous chapters. Indeed, these limitations should not be regarded as invalidating the 

findings but could inform improvements during the planning of future studies. One of the 

main limitations of both the quantitative and qualitative data is the issue of lack of 

generalisability. Generalisability of the cohort study can be improved by conducting 

multicentre studies which would allow a bigger sample size (Miller III, 2001). However, 

due to logistic and practical reasons the current study was only conducted in one centre. 

Regarding the consensus panel work, inclusion of a larger number of participants, 

especially from other specialties (for example a cardiologist) and inclusion of more cases 

would have given additional insight into the preventability issue. Inclusion of patients 

would potentially add the opportunity to clarify the association between adherence and 

preventability, if any exist. However, limitations on the availability of individuals to 

participate in the study will be a real challenge in the future and will need careful 

planning and strategies.  

 

Another major limitation of the study was the failure to include cost-effectiveness 

evaluation as part of the outcome of the study. The ability to calculate direct and indirect 

costs, caused by ADR during inpatient stay, by extending the length of hospital stay due 

to an ADR, would help strengthen the argument to support the implementation of the 

intervention which could help to reduce the overall cost of care.  

 

The small number of cases included as an independent variable during the multivariate 

analysis can also be considered a limitation of the study.  However sample size 

calculation was not carried during the initial period of the study because it was an 

observational study. Several important outcomes measures such as Quality-of-Life (QoL) 

measurement, compliance, and inappropriate prescribing were not measured in this study. 
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These measurements should be included in any future work to support the relationship of 

ADR with outcomes measurement.  

7.3 Contribution to the current body of knowledge  

The present study has made significant contributions to the present knowledge in several 

ways.  Although this study confirmed that the incidence of ADR is higher in older 

patients as compared to younger groups, the increase was not sustained in the very 

elderly.  This study shows that there is no difference noticed in the incidence of ADR 

when comparing two groups of elderly and very elderly patients.  This study is the first to 

demonstrate that very elderly patients (mean age of 85 years) are not more at risk of ADR 

than elderly. 

 

The majority of recent studies describing the occurrence of ADR in older patients during 

in-patients stay have been undertaken in other countries such as the US (Gray et al., 1998, 

Page and Ruscin, 2006) and Canada (Azad et al., 2002).  Similarly, the majority of these 

studies focus on the broader definition of adverse drug events rather than ADR.  The 

incidence of ADR could be different in the UK due to different prescribing patterns and 

patient care pathway.  The result of the observational study (Chapter 3) will provide up to 

date incidence rates from the UK, so that meaningful comparison can be made.  The 

previously noted finding that the incidence of ADR is higher in older patients has been 

confirmed in this study.  This finding will help substantiate previous publications (Chan 

et al., 2001, Beijer and de Blaey, 2002, Gurwitz et al., 2003, Page and Ruscin, 2006).  

 

In terms of inter observer reliability, this is the first work to report the comparison 

between the judgement of doctors and pharmacist on type of event, type of ADR, 

severity, and preventability.  Only one study used a similar approach focusing on all the 

criteria which were included in the current study, but this focused on a paediatric patients 

group (Kunac et al., 2006). However, a direct comparison of agreement between 

pharmacist and physicians was not conducted in that study.  Therefore, the current study 

presents original data on the agreement observed in inter and intra-professional groups 

specifically in older patient population.  
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Of greater interest, what is new in the study is exploring the issue of preventability. The 

approach used in this study conducting a consensus panel to perform in–depth analysis 

associated with assigning preventability has not been done in the past.  The study 

explained how doctors and pharmacists classified preventable ADR differently.  Some 

interesting points were identified, which contributed to the disagreement noted.  The 

work identified a further stream that leads to the importance of standardising the 

classification process by having a clear definition of preventability. This leads to the 

introduction of a new definition for preventability.    

 

The study also produced a risk prediction tool which uses five risk factors. When 

compared to previously developed tools, the current tool was designed using the local 

population and included length of stay in the list of variables. This provides the 

opportunity to use the BADRI score not only on admission but also throughout the 

admission so that the necessary action can be taken to avoid ADR during inpatient stay. 

The validation of the BADRI score was conducted across European countries. This is the 

first time this approach has been attempted.  

 

This is the most recent study to report the burden of ADR in the UK but also developed a 

risk prediction tool validated in a different population. In addition this study also 

highlighted the problem in the current definition used for identifying preventable ADR. 

The findings should serve to reinvigorate the role of the prescribers, pharmacist and 

nurses in ensuring that better systems are employed for using medicines safely.   

  

7.4 Future Research 

This study has set the scene for further exploration of several important issues focusing 

on the identification and prevention of ADR in older patients. Future research plans 

should be designed in order to overcome the limitations that have been discussed earlier 

in this thesis and at the same time consider the challenges and difficulties which may 

arise due to the complexity of drugs used in older patients.   
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A multidimentional approach is needed to prevent the occurrence of ADR or medicine-

related problems in older patients.  As the majority of ADR that occur during inpatient 

stay are not caused by newly prescribed medications, the root problem originates prior to 

admission.  Inappropriate prescribing, lack of monitoring or drug taking behaviour are 

several reasons why medicine-related problems occur (Wiffen et al., 2002) (Leape et al., 

1995, Kanjanarat et al., 2003). Clearly, the role of the prescriber, pharmacist, and patient 

are vital and inter-related if any prevention strategy are to be successfully implemented. 

Perhaps future studies should focus on medicine-related problems rather than ADR alone, 

which limits the opportunity to implement broader strategies covering both primary and 

secondary care including nursing home and residential homes. Any future tool developed 

should not only focus on patients and clinical or medication related factors but also on 

other contributing risk factors such as social and environmental factors which affect the 

process of care and medication use.  

 

It would appear that the next step should be to develop a preventative strategy by 

applying a risk prediction model to reduce the preventable medicine-related problems in 

hospitalised patients.  Local developments within Harrow (both primary care and acute 

trusts) have allowed the establishment of a whole system approach which integrates the 

use of risk prediction tool to highlight preventable medication-related problems with 

system to resolve these issues, in order to reduce hospital readmission (Athwal, 2009 ).  

Information from this study can be used to inform the future study.  

 

By focusing on medicine-related problems as a primary outcome, both modifiable and 

non-modifiable domains (social, stress and environmental factors) which are likely to 

contribute to the incidence of medicine-related problems could be considered in parallel, 

to design a tool to stratify older patients on admission and also discharge. The study 

should be undertaken in three stages. The first stage should involve the design of a new 

tool by drawing on the experiences gained from the current BADRI study alongside a 

review of the relevant literature to design an improved tool. To better appreciate whether 

the risk tool is going to be useful in real practice and also to assess the face validity of the 



 

192 

 

proposed tool, a qualitative study should then be undertaken. A mixed method approach 

could be used to assess the acceptability and usability of the tool by involving experts 

from different geographical localities, representing medical, nursing, and pharmacy staff 

as well as patients. 

 

The second stage should focus on designing an implementation strategy by integrating 

primary and secondary care in a multidisciplinary fashion, using the voluntary sector to 

ensure patient representation. The outcome of this stage should establish a tool within a 

system of healthcare provision and ensure its acceptability to patients, health and social 

care professionals.  

 

An important part of the model development is the validation of the model. The third 

stage of the study should focus on implementation of the risk prediction model in several 

centres in order to access the generalisability of the model. This would involve 

integrating the tool into existing systems and processes, both within individual trusts and 

across the interfaces of care, in order to optimise medicine-related patient care. However, 

the main challenge will be in optimising existing medication-focused communication 

pathways between care settings. One recent study identified that two-thirds of the 

documentation, relating to changes in medications, was incomplete during hospital 

discharge and 38% of readmissions were considered to be medication related 

(Witherington et al., 2008). Hence, establishing a standardised and systematic method to 

decrease the communication gap existing between the healthcare setting and healthcare 

professionals is extremely important. This is also in accordance with the recommendation 

by The National Service Framework for Older People emphasising the important of 

enhanced communication between health professionals (Department of Health, 2001b).      

 

The final stage of the study should involve full evaluation of the tool by designing an 

intervention or well defined outcome-oriented study. The study needs to be confirmed 

and extended by a double blind, randomised controlled trial. Intervention plans should be 

designed for those patients who are classified as having a higher risk of medicine-related 

problems. Patients should be followed-up for the evaluation of several outcome measures 



 

193 

 

including clinical outcomes, length of hospital stay, frequencies of medicine-related 

problems, hospital admission, emergency admission, number of general practitioner or 

pharmacy visits, changes in QoL, independence, cognition, and subjective health. In 

order to overcome the major limitation of the currently available study a multicentre 

study within the UK should be conducted to ensure the generalisability of the findings to 

local hospitals. It should also represent the multi-ethnic nature of the UK population. To 

further strengthen the findings, a pharmacoeconomic evaluation of the benefit of the 

intervention should also be performed.         

7.2.1     Inter-professional education 

One of the obvious recommendation of this work is that doctors and pharmacist and 

nurses working in elderly care medicine should work more effectively as a team to 

prevent, identify and manage problems patients experience with their medications. This 

could be achieved in a number of practical ways by designing multi-professional 

education events and both undergraduate and post registration level. Such an approach 

would serve to highlight the danger associated with medicines, in particularly in elderly, 

as well as gaining better appreciation for how each profession might use their skills to 

ensure that medicines are better used.            

 

The population of the UK is living to a greater age and subsequently prescribed with 

more medicines, causing experiences of ADR as a consequence.  This study has 

highlighted that one in eight hospitalised patients experience an ADR and has suggested a 

tool which might inform the future intervention.  

 

Although aging is a natural phenomenon that cannot be avoided, we owe it to our older 

generation to ensure that medicine use is safe, achieving better quality of life in our latter 

years, life that can be lived with dignity and not one which suffers medication related 

harm.    

 

 “Old age is an island surrounded by death”  

Juan Montalvo, 
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APPENDICES 

 
APPENDIX 1  

DATA COLLECTION FORM 
 

 
DEMOGRAPHIC DATA 

1  DOB 
 

D D M M Y Y  

 

Place the admission sticker here 

 

 

2  Age Years old   

3  Sex 

Ethnic Origin 

 1. Male   2. Female 

 1. White-British   2.Others    3.Not stated 

 
CURRENT ADMISSION 

4  Admission diagnosis: 

 

5  Details of presenting complaint: 

 

6  Onset of current symptoms  

7  Type of admission  1.Emergency 
services 

 2.Urgent -(GP referral) 
/ Carer 

 3.Self  4.Unknown source  5..Others: 

8  Length of stay                            days   D/C Date: 

 
 

SOCIAL SETTING / LIFESTYLE 

9  Marital Status  1.Married  2.Widowed  3.Divorced  4.Others/Single 

10  Home environment   1.Flat 
  2.House 
  3.Bungalow 

  4.Residential home 
  5.Nursing home 
  6.Warden controlled 

11  Occupation (before retirement if possible) 

12  Family support  1.Immediate family        2.Extended family        3.Living alone       4.Others:………………….. 

13  Other social support  Yes  Description: Carer…….                               2.No 

14  Smoking  1.Yes (…cpd)  2.No  3.Ex-smoker (Stopped……....)  4.Unknown 

15  Alcohol consumption  1.Yes  2.No  3.Unit/week…… / Occasionally  4.Unknown 
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MEDICAL PROBLEM 

16  Co-morbidities 
1.  Alzheimer 
2.  Anaemia 
3.  Arthritis/OA 
4.  Asthma/COAD  
5.  Atrial Fibrillation 
6.  Bleeding Disorder 
7.  Bronchiectasis 
8.  BPH 
9.  Confusion 
10.  CRF 

 
11.  CHF 
12.  Dementia (other than 

Alzheimer)  
13.  Depression 
14.  Diabetics 
15.  Falls  
16.  GI/Haematological/PUD  
17.  Glaucoma 
18.  Gout 
19.  HA/Migraine 

 
20.  Hypertension  
21.  Hyperlipidemia 
22.  IHD 
23.  Infection (UTI/Chest Inf) 
24.  Malignancy  
25.  Osteoporosis 
26.  Previous Stroke 
27.  Previous TIA 
28.  PVD 
29.  Parkinson Disease  

 
30.  Seizures 
31.  Thyroid function 
32.  Peripheral neuropathy 
33.  Other cardiac diseases….. … 
34.  Deafness 
35.  Hiatus hernia 
36.  Eye diseases 
37.  Renal impairment 
38.  TB 
39.  DVT    

17  Number of co-morbidities   

18  Last hospital admission (within 1 month) 
 1.Yes  (Details:………………………………                 2.No 

 
FUNCTION OF DAILY LIFE /ASSESSMENT OF MENTAL FUNCTION 

19  Barthel ADL  On admission       /20 

20  Glasgow Coma Score  On admission       /15 

21  Cognition: Hodkinson’s Mental Test  On admission       /10 

MEDICATION PROBLEM 

22  List of Prescription medication on admission 
Drug/Dosage/Route                                   Used since                                Latest addition to medication regimen  

 

 

 

 

 

 

 

 

 

 

23  Non-prescription  (Drug/Dosage/Route; Prescribed for) 

24  Number of regular medication   

25  Additional relevant information supporting ADE e.g. rechallenge (if performed), dechallenge, suspected drug interactions. 

 

 

 

26  Recent changes of  drugs within last 2 weeks prior to the admission.(including self-medication & herbal remedies) 

Drug, Route, Dosage Date started Date stopped Prescribed for 
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27  Allergies to any drugs  1.Yes. Details:…………………….  2.No (NKDA) 

28  Plasma Drug Concentration 
(If measured) 

1.0 Drug: 

2.0 Drug: 

1.1 Concentration:………...mg/ml 

2.1 Concentration:………....mg/ml 

29  Previous history of ADE  1.Yes (Give details if yes) 
1.1Syncope  1.2Falls  1.3Bleeding   
1.4Hypersensitivity 1.5Others:………………. 

 2.No 
 …………………………….. 
 …………………………….. 

30  Multiple prescriber  1.Yes  2.No 

 
LABORATORY VALUES 

37 
 
 
 
 
 

Examination and investigation findings 

FBC  LFT    U&E  Lipids  

Hb  TP  INR  Na
+  

Total Chol  

WCC  Alb  BP  K
+  

TG  

Platelets  Bil  HR  Urea   BM  

CRP  ALP  Temp  SCr  HbA1C  

MCV  ALT    EGFR    

 
INFORMATION NEEDED FOR EVERY SUSPECTED EVENTS 

1. Type of events either ADR, medication error or ADE 
 
 

2. Suspected drug that causing the symptom 

 
 

3. Any other sign and symptoms or other medical condition which can cause the present situation in the patients  
 
 
 

4. Timing of symptom: Time drug started and symptoms occurred 
 
 
 
 

5. Treatment changes noticed either change to new drug; dose adjustment or stopping the drug  
 
 

6. The information on improvement on symptoms after changes made 

 
 
7. Any clear-cut temporal association or lab 
 
 
8. If medication error: Please indicate how, when, why it occurred 
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LABORATORY VALUES 

37 
 
 
 
 
 

Examination and investigation findings 

FBC  LFT    U&E  Lipids  

Hb  TP  INR  Na
+  

Total Chol  

WCC  Alb  BP  K
+  

TG  

Platelets  Bil  HR  Urea   BM  

CRP  ALP  Temp  SCr  HbA1C  

MCV  ALT    EGFR    
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APPENDIX 2  

FORM USED DURING INTER ONSERVER RELIABILITY STUDY 

 

 Classification of ADE 

1    ADR  Type A (Predictable) 

 Type B (Unpredictable) 

 Drug-drug interaction 

 Others:…………………………… 

2    Medication error  Prescribing 

 Administration 

 Patient adherence 

 Dispensing 

 Monitoring 

 Others:…………………………… 

3    Potential ADE   Yes         No 
 Non-intercepted potential ADEs       
  Intercepted potential ADEs 

Events that have a great significant potential for injury a patient but do not 
actually cause harm. This may be because they are intercepted before 
reaching the patient or, due to particular circumstances or chance, the 
patient is able to tolerate the error 

4  Causal relationship    
(only if  ADR / dose related 
therapeutic failure suspected) 

  Definite 
  Probable 
  Possible  
  Unlikely/unevaluable 

5  Problem types in 

medication 

  Inappropriate drug or dose selection 
  Inappropriate formulation 
  Inappropriate monitoring of drug therapy 
  Inappropriate response to drug therapy 
  Inappropriate medication-taking behaviour 
  Inappropriate administration of drug therapy 

6  Preventability  Definitely preventable The drug event is due to a drug treatment procedure inconsistent with present day 
knowledge of good medical practice or is clearly unrealistic, taking the known 
circumstances into account 

 Possibly preventable The prescription is not erroneous, the drug event can be avoided by an effort 
exceeding the obligatory demands 

 Not preventable The drug event cannot be avoided by any means, or it is an unpredictable event in 
the course of a treatment fully in accordance with good medical practice 

 Unevaluable The data for rating cannot be obtained or the evidence is conflicting 

7  Severity 
 

 Fatal Patient died due to the incident 

 Life threatening Causes permanent damage or requires patient transferred to ICU 

 Serious Requiring hospital admission, change in therapy or specific treatment 

 Significant Not requiring hospital admission or therapy 

8  Confident of 
classification 

Confident Level Description 
1 Little or no confidence 
2 Slight-to-moderate confidence 
3 Less than 50 percent confidence but a close call 
4 More than 50 percent confidence but a close call 
5 Strong confidence 
6 Virtually certain 
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APPENDIX 3  

ETHIC APPROVAL LETTER 
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