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Abstract: Adverse drug reactions (ADRs) are a significant challenge to health care leaders. 

Serious ADRs increase the morbidity and mortality of patients and create a significant financial 

impact on health care costs. There are a number of challenges in identifying and reducing the 

incidence of ADRs. Worldwide, developed countries primarily utilize voluntary systems to 

identify ADRs and assess their risk to specific populations of patients. All of these systems 

have significant limitations. The explosion of biomedical research also challenges the clinician 

to uncover all the literature available concerning particular ADRs. Once identified, assessing 

causality in a specific patient-drug scenario can be problematic despite the number of scales, 

algorithms, and nomograms available. Finally, pharmacogenomics is discussed and the implica-

tions of personalized genomic medicine on ADRs are described. Pharmacogenomics promises 

the best possible hope for a significant reduction of clinically important ADRs in the future, 

although hurdles remain for its’ widespread clinical application.
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Introduction
Adverse drug reactions (ADRs) constitute a substantial source of morbidity and mor-

tality in health care. Estimates of the costs of ADRs in hospitalized patients range 

from 2 to 4 billion dollars per year, and in ambulatory patients costs range from 30 

to 136 billion dollars per year.1,2 The current economic crisis in health care demands 

close scrutiny of ADRs as a way to reduce overall costs. Of course, only cost-effective 

methods of identifying and reducing ADRs are likely to be pursued in the future. 

The purpose of this paper is to review the current literature on ADRs. To accomplish 

this, we reviewed the English language literature on both identification of ADRs and 

methods of reducing their frequency.

An ADR is defined by the World Health Organization as any noxious, unintended, 

and undesired effect of a drug, which occurs at doses used in humans for prophylaxis, 

diagnosis, or therapy.3 Adverse drug reactions are a problem which affects health 

care systems worldwide. A widely cited meta-analysis of 39 prospective studies in 

 hospitalized patients in the US estimated an overall incidence of serious ADRs of 6.7%. 

Furthermore, it has been estimated that ADRs cause up to 7% of all hospital admis-

sions in the UK and 13% of all admissions to internal medicine clinics in Sweden.4 In 

New Zealand, 12.9% of all hospital admissions are due to adverse drug events.5

A major problem with the identification and reporting of ADRs is the lack of 

adequate surveillance systems. In the US, the Food and Drug Administration (FDA) 

relies on voluntary reports to its Adverse Event Reporting System (AERS) from health 
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care professionals.6 Underreporting of ADRs continues to 

plague all the current surveillance systems around the world. 

This is further compounded by the FDA having limited 

funding, staff, and resources to monitor the AERS.7–9 Other 

countries, such as France, New Zealand, Japan, and the UK 

also rely on voluntary reports of ADRs. However, important 

differences exist worldwide in how proactive the surveillance 

systems are. In the UK, ADRs are actively solicited through 

the Prescription-Event Monitoring System, which surveys 

prescribers regarding any adverse experiences among the first 

10,000 people who use a drug. Active surveillance in Japan 

is conducted for the first six months a drug is used, which 

involves repeated announcements about vigilance and queries 

to physicians.8 In New Zealand, adverse drug reactions are 

reported to the Center for Adverse Reactions Monitoring,9 

but reporting of ADRs is not standardized due to differences 

between district health boards.10 These examples of identifica-

tion and reporting mechanisms from various countries are 

merely representative of wider practices that occur in other 

countries around the world.

Regardless of country, the majority of ADRs are reported 

as individual case reports, which have a number of limita-

tions. Because of the scant number of reports, insufficient 

causal evidence exists to connect an individual drug with 

an associated adverse effect. ADRs are divided into Type 

A and Type B by the Rawlins and Thompson classification 

scheme, whereby Type A reactions are predictable and com-

monly related to the pharmacologic actions of the drug (see 

Table 1).4,11 Conversely, Type B reactions are unpredictable 

and uncommon and usually not related to the pharmacologic 

actions of the drug.12 Case reports are also of limited value 

because they are often a point-in-time evaluation and not 

investigated further. Because of the inadequacy of evidence, 

much of these ADR data are not incorporated into drug 

reference sources.13

The advent of modern computer technology and the 

promise of pharmacogenomics may help overcome some 

of these issues. Data mining techniques involve analyzing 

large volumes of ADR data by computer programs to detect 

previously unknown or suspected ADRs. As discussed later 

in this paper, these methods hold the promise of efficiently 

sifting through huge amounts of ADR reports.14,15 However, 

data mining techniques have both advantages and disadvan-

tages. Pharmacogenomics is likely to help in the future for 

both preventing and reporting of ADRs. In the future, genetic 

profiles of patients may help predict who may respond well 

to a drug and who may experience an ADR.4

Literature problem
The literature problem in pharmacovigilance has both a 

quantitative and qualitative aspect. The quantitative issue 

is the sheer mass of biomedical literature currently being 

produced and the qualitative issue is the difficulty in deter-

mining a clear causal relationship between a drug and an 

adverse drug event.

Recent estimates of the explosion of biomedical literature 

suggest that there are close to 40,000 biomedical journals 

that are currently being published worldwide.16–18 A clinician 

today would have to read close to 10,000 articles per day to 

keep up with all the new information of biomedical impor-

tance. Drug therapy review articles have increased by over 

10,000% from 1966 to 2003. Biomedical articles on ADRs 

in humans now number approximately 10,500 articles/year.16 

This expansion of information makes identifying all available 

ADR data on a drug extremely difficult. Even after combin-

ing various literature databases, such as Medline, Embase, 

Science Citation Index, and International Pharmaceutical 

Abstracts, relevant papers can be missed. This is particularly 

true for non-English language biomedical literature. There-

fore, the ADR literature suffers not from a lack of information 

but from an overwhelming glut of information.

While the sheer volume of biomedical literature could be 

viewed as either positive or negative, the quality of the data 

available on adverse drug events would have to be categorized 

as lacking. Determining causality in adverse drug events is 

an inexact science.19–23 A number of nomograms, scales, and 

algorithms have been published to reduce bias and increase 

reproducibility. However, none of the available methods can 

accurately and reliably quantify the relationship between a 

potential adverse event and a drug.22–23

Randomized, controlled, clinical trials are usually a 

clinician’s best source of evidence on the efficacy of a drug. 

Although most clinical trials are scaled to determine small, 

Table 1 Characteristics of Type A and Type B reactions4,11

Type A Type B

Common, predictable (80% all 
reactions)

Uncommon, unpredictable

May occur in any individual Occurs only in susceptible 
individuals

Usually related to dose No simple relationship to dose
Usually mild in severity Proportionally more severe
Related to pharmacologic drug 
actions

No clear relationship to 
 pharmacologic drug actions

High morbidity but low mortality High morbidity and high mortality
Includes toxicity, overdose, side 
effect, secondary effect, and drug 
interaction 

Includes intolerance, idiosyncratic 
reaction, hypersensitivity reaction, 
and pseudoallergic reaction
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incremental benefits of a drug, clinical trials also provide an 

excellent potential opportunity to quantify risks. Unfortu-

nately, recent systematic reviews of this subject have found 

adverse event reporting to be insufficient or misleading in 

many controlled clinical trials.24–26 Pitrou et al25 recently 

 re-reviewed 133 randomized clinical trials in six high-impact 

factor journals. No information on withdrawal of patients due 

to an adverse event was reported in 47.4% of these articles. 

No information on severe adverse events was reported in 

27.1% of the articles. The accompanying editorial to this 

paper describes adverse event reporting in randomized trials 

as “neglected, restricted, distorted, and silenced”.24

Because of the overwhelming amount of data available, 

data mining techniques have also been applied to adverse 

drug events.27 Data mining involves the use of statistical 

and probability programs applied to large databases to 

identify previously unrecognized ADRs or evaluate trends. 

Using Bayesian algorithms, patterns may be identified from 

databases containing virtually millions of ADRs. Potential 

databases can involve national voluntary reporting systems 

such as the US FDA or the UK Prescription Event Monitor-

ing System. Other databases that can be used include large 

health insurance programs, electronic medical records, 

and even poison information centers. Of course, like most 

epidemiologic data, data mining can only suggest associa-

tions between drugs and adverse events and does not prove 

causality. Furthermore, self-deception bias can occur when 

a data miner with a strong incentive to believe in a particular 

outcome may consciously or subconsciously try to avoid 

results that contradict pre-existing expectations.15 However, 

these data can detect signals of possible drug-adverse event 

associations and suggest fruitful avenues to employ scarce 

resources to collect prospective data. Used appropriately, 

data mining can be a valuable tool in pharmacovigilance.27

Systems approach to identifying  
and reducing adverse drug reactions
Other techniques utilizing computer technology have been 

successful at detecting and preventing ADRs as well. Pre-

vention of ADRs has been documented with physician order 

entry systems whereby a physician inputs the drug order 

directly into a computer system for subsequent administra-

tion/dispensing.28 Bates et al29 have shown this method to 

be an effective way to decrease ADRs. Their study was 

done at a large tertiary US hospital over a 15-month period. 

Nonintercepted serious medication errors decreased by 55% 

from 10.7 events per 1000 patient days to 4.86 events per 

1000 patient days (P = 0.01). Another successful method 

that has been used is a medication reconciliation program, 

which involved a health care provider (nurse, physician, 

pharmacist) obtaining a medication history before a patient 

was discharged. The relevant study was a controlled trial 

with 322 patients on general medical inpatient units at two 

US academic hospitals over a two-month period. A 28% 

relative risk reduction in unintentional medication discrep-

ancies with potential for harm occurred compared with the 

group who did not receive pre-discharge medication history 

and counseling.30

Better utilization of pharmacists has also proven success-

ful in the identification and reduction of ADRs as well as 

overall health care costs. Two studies, one on an inpatient 

population and the other on an outpatient population, support 

this. The first study utilized an inpatient population of patients 

80 years or older in Sweden over an eight-month period. 

Patients were randomized to two groups whereby 186 in the 

control group received standard care without direct involve-

ment of pharmacists, and 182 patients in the intervention 

group who had pharmacists directly involved in their care. 

They found a 16% reduction in return hospitalization and a 

47% reduction in visits to the emergency department, while 

drug-related readmissions were reduced by 80% compared 

with the control group. The total cost per patient in the inter-

vention group was $230 lower than for the control group.31 

The second study analyzed two randomized controlled trials 

in the US to determine the effect of pharmacist intervention 

on adverse drug events and medication errors in outpatients 

with cardiovascular disease. Compared with the control 

group, the risk of ADRs was 34% lower in the intervention 

group where a pharmacist was involved in patient care.32 

Zolezzi and Parsotam pointed out that about 5.7% of ADR 

reports are submitted by pharmacists in New Zealand, 

compared with about 70% of ADR reports submitted to 

the MEDWATCH program in the US. The article further 

explains how to get pharmacists better involved in ADR 

reporting in New Zealand.9

Finally, better reporting and reduction of ADRs could be 

accomplished by improvements in surveillance systems and 

the emergence of pharmacogenomics. Common improve-

ments to the surveillance system, regardless of country, may 

include better funding, increased staff dedicated to detecting 

ADRs, less reliance on case reports, improvements in data 

mining algorithms, and less reliance on purely voluntary 

ADR reporting.12,33 As more genetic information becomes 

available on how patients metabolize various drugs, pharma-

cogenomics may both serve as a tool to develop new medi-

cations and enhance current drug-surveillance strategies. 
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ADR surveillance would be improved by having results of 

genetic testing stored in a database, where this information 

could be incorporated into data mining algorithms.4 With 

combinations of the best strategies employed, patient care 

regarding ADRs would be greatly improved.

Promise of pharmacogenomics
Type B adverse drug reactions constitute a group of adverse 

events which are generally unpredictable in nature and not 

easily related to the known pharmacology of the therapeutic 

agent. In many cases, these adverse drug reactions are related 

to genetic variants which cause susceptibility to certain 

adverse events. The use of genetic information as an aid to 

improve pharmacotherapeutic outcomes and individualize 

drug therapy is called pharmacogenomics.34–42

The use of pharmacogenomics to reduce adverse drug 

events can be broken down into two areas. First, there is the 

effect of genetic factors influencing the pharmacokinetics 

of a drug and, second, is the effect of genetic variations on 

the pharmacology and toxicology of a drug. An example of 

a drug that would fall into the first category is azathioprine. 

Genetic variation in the enzyme thiopurine-S-methyltrans-

ferase is known to increase the risk of myelotoxicity. Toxic 

epidermal necrolysis caused by carbamazepine is an example 

of the second mechanism. Identification of patients with 

variants in the HLA-B1502 alleles can reduce the incidence 

of this serious dermatologic adverse event.35 The US FDA 

 recommends relevant genetic testing of patients prescribed 

azathioprine and carbamazepine to reduce serious drug 

 toxicities. Recently, new information on the pharmacoge-

nomic variations with warfarin42 and statin41 drugs has added 

to the growing list of therapeutic agents where genetic testing 

may reduce common adverse events. In fact, the number of 

drugs approved by the FDA with pharmacogenomic informa-

tion as part of their drug labeling has increased dramatically 

in the past 60 years (Figure 1).34 Despite this surge in new 

pharmacogenomic information, the clinical application of 

this data has been minuscule.37,39 The promise of making a 

significant impact on adverse drug events appears to be in 

the future.

Phillips et al36 recently conducted a systematic literature 

review of the potential role of pharmacogenomics in reducing 

adverse drug events. They evaluated 18 adverse drug reac-

tion studies with detailed inclusion criteria and 22 articles 

reviewing variant alleles of drug metabolizing enzymes. 

Using predefined criteria and standardized abstracting forms, 

these authors identified 27 drugs that were frequently cited in 

the ADR literature. Of these 27 drugs, 59% are metabolized 

by at least one enzyme known to possess a variant allele 

compared with a randomly selected group of drugs of which 

only 7%–22% is metabolized by a variant allele (P  0.001). 

These data provide an early evidenced-based foundation for 

the reduction in clinically important adverse drug events by 

pharmacogenomics.
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Figure 1 Number of drugs that were approved with pharmacogenomic information in their drug labels during each 10-year period from 1945–2005. During the 60 years 
covered by this analysis, 121 drugs were approved that have biomarker information in current product labeling. Reproduced with permission from Frueh FW, Amur S, 
Mummaneni P, et al. Pharmacogenomic biomarker information in drug labels approved by the United States Food and Drug Administration: Prevalence of related drug use. 
Pharmacotherapy. 2008;28:992–998.34 Copyright © 2008 American College of Clinical Pharmacy.
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Serverino and Del Zompo4 have proposed a model 

 (Figure 2) to collect pharmacogenomic data as part of 

the post-approval surveillance process. As new drugs are 

approved for use in the general population, patients who 

experience rare or severe ADRs should have comprehensive 

genetic scans which would be compared with those who do 

not experience such reactions. This approach would allow 

genetic markers to be identified for patients at risk for rare 

or severe ADRs. This would be a major advance over the vol-

untary reporting systems and limited post-marketing clinical 

trial data. Once established, this genetic bank of information 

could be used prospectively to identify patients at high risk 

of severe ADRs.

Recently, there has been a movement in pharmacogenomics 

away from the DNA-centric focus on single genes.43–44 Adverse 

drug responses, in some cases, are more likely multigenetic 

traits with numerous genes involved in predisposing patients 

to ADRs. Transcriptomics, proteomics, metabonomics, and 

epigenomics are postgenomic technologies that will likely be 

the next avenues for new knowledge and eventual application 

in clinical medicine. The huge volume of information 

created by these genomic and postgenomic disciplines has 

created the new field of informatics, which endeavors to 

categorize, store, and retrieve critical information for specific 

applications.43–48 Unfortunately, a detailed discussion of 

these important new scientific fields is outside the scope of 

the present paper.

While pharmacogenomics may provide novel solutions to 

the problem of ADRs, there are significant questions that will 

need to be addressed before widespread application occurs. 

At present, there is little application in clinical medicine of 

pharmacogenetic information to reducing ADRs. Second, 

there may be increasing difficulties differentiating pharma-

cogenomic influences versus nongenetic influences, such as 

age, sex, nutrition, weight, and organ function. Third, whatever 

screening or mechanistic tools emerge from pharmacogenetic 

research, they must be cost-effective to gain broad acceptance. 

Fourth, ADRs are likely to be multigenetic phenomena which 

may prove more difficult to characterize than first thought.43–44 

Finally, environmental and other epigenetic influences may 

play a larger role in the future as this discipline develops.44
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