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Adverse drug reactions (ADRs) are the undesirable effects of drugs even when administered in
daily normal doses. It has been seen that ADRs may arise even after single administration of
drug(s), however, long term therapies are more prone to ADRs. Currently it has become a
burning issue all around the world and connected with financial expansion owing to
hospitalization. Pharmacists are the custodians of drugs especially clinical pharmacists play a
vital role in preventing the risks of ADRs. This review deals with the factors leading to possible
ADRs, its prevention and the role of pharmacist in management of ADRs.
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INTRODUCTION
Medicines have been known to elicit a desired
therapeutic outcome and also have the likelihood of
causing undesirable adverse effects. According to
the World Health Organization (WHO) and
definitions by Karch and Lasagna, an adverse drug
reaction (ADR) is “any reaction to a drug that is
noxious and unintended, and occurs at doses used
for prophylaxis, diagnosis, or therapy, excluding
failure to accomplish the intended response”.1 As of
late the term adverse drug event (ADE) is opted
which includes medication errors. In comparison to
AIDS, pulmonary disease, motor car death and
accidents, ADRS are alleged to be the 4th leading
cause of death.2 The meaning of ADR distinguished
from side effects, as side effects may be beneficial
as well. In 10-20% of hospitalized patients, there is
no less than one ADR to turn up.3,4 Post marketing
survellience or pharmacovigilence or monitoing
ADR, initiated in the 1960s by the WHO after
‘thalidomide’ crisis, is undertaken by more than 70
countries throughout the world for early detection
and prevention of ADR. Traditional and herbal
remedies may also lead to particular ADRs when
either used on their own or in combination with
other medications.4,5 The significance of ADR in
causing mortality and morbidity also results in an
increase in the cost of health care.6–8 Therefore
pharmacists along with other health care
professionals need to work as a team in the
detection, management, prevention and reporting of
ADRs leading to the wellbeing of the patient safety
and a decrease in healthcare cost.

EPIDEMIOLOGY
ADRs are a major cause of morbidity and mortality
worldwide and 5.3% ADRs are associated with
hospital admission and affects 2.2 million people
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causing a hundred thousand deaths per year.9 Cost
associated with ADRs is 136 $billion yearly. ADRs
for ambulatory patients are unknown and nursing
home patients ADRs rate are 350,000 yearly.7,10,11

CLASSIFICATION
ADRs may be classified as:
Type-A (Augmented) reactions:
These are pharmacologically based reactions that
have a quantitative distinction in response, are dose
related, distinctive, and unwanted, quite wide spread
and expected. They comprise of toxic and side
effects as well as an outcome of drug withdrawal.
These are usually undesirable for patients. Example
includes bruising by warfarin and heparin.
Type-B (Bizarre) reactions:
These are based on the distinctive features of
patients that have a qualitative variation in response
to a drug, not usually related to dose and infrequent,
often bizarre, erratic in nature and often serious.12
These are often not known until the drugs have been
marketed. These reactions are also thought to be
related to environmental and genetic factors.13
Example includes penicillin related anaphylactic
reaction.
Type-C (Chronic) reactions:
These are the reactions that occur with long-term
use of medicines for example Benzodiazepine
dependence and analgesic nephropathy. They are
identifiable and can be foreseen.14
Type-D (Delayed) reactions:
It is due to extended exposure (carcinogenesis) or
limited exposure at a crucial time (teratogenesis).
Type-E (Ending of Use) reactions:
It occurs when there is a sudden ceasing of chronic
therapy, e.g. of adrenal steroid causing rebound
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adrenocortical insufficiency, of opioid causing the
withdrawal syndrome.15
Approximately 80% of all ADRs are typeA in nature.16 Most of the drugs prescribed
exhibiting type-A reaction are reported in
handbooks and drug literature leaflets.
Factors affecting Incidence of ADRs:
There are certain factors responsible to increase the
risks of ADRs. They are discussed below;
Age of Patient:
It is estimated that possible ADRs are also
dependent on age of the patient. Geriatric patients
take more medicines than patients of other age
groups due to co-morbidities and complexity of
medical problems. ADRs may result due to drugdrug interaction (owing to poly therapy), the
modification of metabolic enzymes. Elder patients
are more prone to Type-A reactions than Type-B.17–
19
Similar is the case with children, the incidence of
ADRs is more in paediatrics age group than adults.
There are several reasons like metabolic enzymes
are not fully developed in infants and children, so
the accumulation of drug is a promoting factor for
the development of ADRs.20 In addition the body
fats are low, creating problematic situation for lipid
soluble drugs.21 Another reason is the unavailability
of the scientific investigations on such small age
group.22
Gender of Patient:
It is a well-known fact that males and females are
physiologically as well as anatomically different
from one another. It has been reported time to time
that females are more susceptible to develop ADRs
than males. The frequency of ADRs reported by
women are twice as compared to men.23,24
Pharmacodynamics differences are also exist in
males and females. Chlorpromazine, an antipsychotic drug is more effective in females than
males.25
Serious ADRs have been frequently
reported in females including neuropsychiatric and
cardiovascular effects. The common classes of
drugs for reporting gender based ADRs are genitourinary, sex hormone, antineoplastic, anti-parasitic
and respiratory.26
Genetic Factors:
Individuals having abnormal or altered drug
metabolism are more susceptible to ADRs. Genetic
polymorphism and other cellular mechanisms are
involved in irregular drug metabolism. It is
documented that globally about 200 million people
are G6PD (glucose-6-phosphate dehydrogenase)
deficient. Such individuals are prone to haemolytic
anaemia especially after ingestion of some antimalarial drugs and sulphonamides.27 Aadditionally,

genetic polymorphism also have been seen in
different other metabolic enzymes like cytochrome
P450, leading to rapid or slow metabolism of drugs.
These transformations result in the development of
different ethnic groups having distinct phenotypes.28
Morphine is administered in the form of codeine as
pro-drug. Accumulation of pro-drug and poor
therapeutic response are the predicted consequences
due to mal-functioning of CYP P450.28 The
accumulation of drug inside the body28 and the
changes in drug target due to genetic variation are
considered as a prime reason to develop ADRs.27
Renal Function:
The percent creatinine clearance illustrates the
function of kidney. In renally compromised patients
(poor kidney function) it results in accumulation of
drugs being metabolized by kidney. It is also
reported that alteration of kidney function affects
the plasma protein binding as well as drug
metabolism through liver. Reduced clearance finally
causes deposition of drug for longer time and hence
results in possible ADRs.29 Doses of drugs must be
adjusted accordingly and drug monitoring is
considered to be a prime requirement in such
patients.
Polypharmacy:
Monopharmacy
has
been
replaced
with
polypharmacy globally. Polypharmacy is a need for
some critically ill patients especially in geriatrics. It
has been noticed that hypertension is comorbid with
diabetes mellitus and peptic ulcer. In such case a
patient may receive different regimens to stabilize
the mentioned complaints. The possible reasons for
ADRs are drug-drug interaction, synergistic effect
of drugs, additive effects, and physiological
antagonisms etc.20 Antiviral regimen is complex in
nature and contains protease inhibitor (PI),
extensively metabolized by Cytochrome P450. All
those drugs responsible to decrease the activity of
Cytochrome P450, would definitely result in
increased accumulation of PIs. Similarly drugs
responsible to induce cytochrome P450 will result
in decreased plasma concentration of drugs.30
Multiple Disease State:
The intensity as well as frequency of reporting
ADRs is dependent on nature and the status of
illness. Drug metabolism becomes a big question
mark in patients with renal insufficiency and liver
dysfunctions. Both result in reduced metabolism of
many drugs and their associated ADRs. It is
basically drug-disease interaction. For example
some drugs have the ability to cause sodium
retention, in turn increase the blood pressure of
hypertensive patients and may result in serious
ADRs. Other examples include worsening of asthma
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due to use of aspirin and beta adrenoceptor
blockers, aggravation of thrombo-embolic disorders
due to intake of oral contraceptives and many
others.31 Even deaths have been reported in cardiac
patients due to cyclo-oxygenase users.32
Social Factors:
The incidence of ADRs is also dependent upon
alcohol consumption and smoking since both
interfere with metabolism of different drugs.
Alcohol consumption and smoking are aggravating
factors for the development of ulcers especially
peptic ulcers.33,34 The high intake of alcohol and
tobacco are also associated with common
complaints of dry mouth or xerostomia.35 Nonsteroidal anti-inflammatory drugs (NSAIDs) must
be carefully administered in smokers and drinkers
since NSAIDs commonly induce gastric and peptic
bleedings.36 Smoking increases the metabolism of
drugs by liver, resulting in reduction of therapeutic
effects of drugs. Alcohol drinking and smoking
should also be avoided especially in drugs of narrow
therapeutic index.
MANAGEMENT OF ADRs
Studies have shown that lots of adverse effects can
be preventable and detected through the intervention
system.37,38 Sufferers of ADRs need to be examined
to avoid ADRs.9,10,39,40 Like the patients’ age
evaluation because decline organ function is seen in
elder patients with decreased hepatic or renal
clearance. These factors are supposed to be
predisposing aspects leading to ADRs. Likewise,
neonates may have the same problem. Patient with
human immunodeficiency virus (HIV), having
greater risk of ADRs compared to general
population.37
Few others factors like intravenous
injection also have a potential for causing ADRs.
Immediate release product has also been associated
with causing some ADRs that do not usually appear
with sustained release products. Most important
factors are multiple prescriptions and selfmedication.9 If the adverse drug reaction is nonimmune: side effects, secondary effects, toxicity,
drug interaction,
drug idiosyncrasy, drug
intolerance, and pseudo allergic reaction. Then for
the management of ADRs we can do the following;
changing the dose of drug, replacement with
alternate medicine, use of prophylactic regimen and
patient and physician education is also important for
the reduction of ADRs. Desensitization of IgE
antibody as a prophylactic regimen in future may be
prudent; if re-administration of drug is
contraindicated then it must be stopped.41 ADRs can
be prevented by use of technology. Many healthcare
systems have implemented new technologies to
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minimize the medication error and drug
interaction.10,42–44
Medications
errors
were
potentially reduced by using drug interaction
screening software and computerized medical
records and educating the physician and pharmacist
for potentially serious ADRs.45 The healthcare
providers like physicians and pharmacists must
address the ADRs. Pharmacists play a significant
role in recognizing, monitoring, evaluating
documenting and communicating ADRs.46,47
Pharmacists are extensively educated in the area of
pharmacology therapeutics and pharmacokinetics
and are easily accessible to the patient, therefore,
can avert occurrence of any lethal situation.
Role of Pharmacist in the Management of ADRs:
As seen through various studies and the basic
concept of pharmaceutical care, a pharmacist plays
a pivotal role in the identification, detection,
prevention, and management of drug-drug
interactions, drug-food interactions and ADRs.
Pharmacist can carry out such activities in inpatient
setting, while taking part in viewing charts during
ward rounds, and during medication management
while dealing with prescriptions. Since pharmacists
have a vast knowledge on drugs and therapeutics,
their ability to discover and deal with ADRs is quite
important.4
Keeping in view the reporting of ADRs,
according to a study carried out by Sriram et al on
the prevalence of ADRs, a pharmacist’s
participation enhances reporting rate with higher
calibre. The intervention of pharmacists by
organising lectures and group discussions thus
providing information about the importance,
seriousness, preventability and necessity of
reporting shows heightened improvement of
knowledge, attitude and perception about ADRs.48
All health professionals play their respective roles
in balancing between benefits and risks of
medication when it is introduced in the market.
However, the expertise of a pharmacist about a
drug, especially if newly marketed, play a more
important role in ADRs reporting to the authorities
which helps in either withdrawing the product from
the market or cause labelling changes.8
Pharmacists working in community
pharmacy have an added advantage of detecting and
reporting ADRs while dealing with on the counter
prescriptions and herbal products.49 In a community
pharmacy, a pharmacist may not have direct and
definite patient list but the patients coming to the
same pharmacy to refill their prescription gives the
pharmacist an opportunity to detect a possible ADR
that the patient might be experiencing and can help
in the management and the reporting of the said
ADR.50
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CONCLUSION
Patients’ safety is now becoming a global concern.
The prime requirement of time is to control the
ADRs, to avoid health and economic crises.
Responses of drugs should need to be re-evaluated
and thorough drug monitoring is required especially
in prolong treatment to lessen the risks of ADRs.
Clinical pharmacists must work together with
physicians to aid reporting of ADRs both in hospital
and community settings.

REFERENCES
1.
2.

3.

4.

5.

6.

7.

8.

9.
10.

11.

12.
13.
14.

15.
16.
17.
18.

Karch FE, Lasagna L. Adverse drug reactions. A critical
review. JAMA. 1975;234(12):1236–41.
BA B. Development and regulation of drugs. In: Katzung
BG. Ed. Basic and clinical pharmacology. 10th edn. lange
Medical Books/McGraw-Hill, New York. 2007.
Rao PGM, Archana B, Jose J. Implementation and results
of an adverse drug reaction reporting programme at an
Indian
teaching
hospital.
Indian
J
Pharmacol
2006;38(4):293–4.
Sriram S, Ghasemi A, Ramasamy R, Devi M,
Balasubramanian R, Ravi TK, et al. Prevalence of adverse
drug reactions at a private tertiary care hospital in south
India. J Res Med Sci 2011;16(1):16–25.
Rabbur RSM, Emmerton L. An introduction to adverse
drug reaction reporting systems in different countries. Int J
Pharm Pract 2005;13(1):91–100.
Dormann H, Muth-Selbach U, Krebs S, Criegee-Rieck M,
Tegeder I, Schneider HT, et al. Incidence and costs of
adverse drug reactions during hospitalisation: computerised
monitoring versus stimulated spontaneous reporting. Drug
Saf 2000;22(2):161–8.
Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse
drug reactions in hospitalized patients: a meta-analysis of
prospective studies. JAMA. 1998;279(15):1200–5.
Zolezzi M, Parsotam N. Adverse drug reaction reporting in
New Zealand: implications for pharmacists. Ther Clin Risk
Manag 2005;1(3):181–8.
Oberg KC. Adverse drug reactions. Am J Pharm Edu
1999;63(2):199–203.
Bates DW, Cullen DJ, Laird N, Petersen LA, Small SD,
Servi D, et al. Incidence of adverse drug events and
potential adverse drug events. Implications for prevention.
ADE Prevention Study Group. JAMA. 1995;274(1):29–34.
Leape LL, Brennan TA, Laird N, Lawthers AG, Localio
AR, Barnes BA, et al. The nature of adverse events in
hospitalized patients. Results of the Harvard Medical
Practice Study II. N Engl J Med 1991;324(6):377–84.
Tripathi K. Essentials of Pharmacology for Dentistry:
Jaypee Brothers; 2007.
Pirmohamed M, Breckenridge AM, Kitteringham NR, Park
BK. Adverse drug reactions. BMJ 1998;316(7140):1295–8.
Park BK, Pirmohamed M, Kitteringham NR. Idiosyncratic
drug reactions: a mechanistic evaluation of risk factors. Br
J Clin Pharmacol 1992;34(5):377–95.
Udaykumar P. Textbook of pharmacology for dental and
allied health sciences. India: Jaypee Brothers; 2007.
deShazo RD, Kemp SF. Allergic reactions to drugs and
biologic agents. JAMA 1997;278(22):1895–906.
Barry PJ, Gallagher P, Ryan C. Inappropriate prescribing in
geriatric patients. Curr Psychiatry Rep 2008;10(1):37–43.
Bowman L, Carlstedt BC, Hancock EF, Black CD. Adverse
drug reaction (ADR) occurrence and evaluation in elderly
inpatients. Pharmacoepidemiol Drug Saf 1996;5(1):9–18.

19. Leach S, Roy SS. Adverse drug reactions: an investigation
on an acute geriatric ward. Age Ageing 1986;15(4):241–6.
20. Alomar MJ. Factors affecting the development of adverse
drug reactions (Review article). Saudi Pharm J
2013;22(2):83–94.
21. Ibáñez L, López-Bermejo A, Díaz M, Marcos MV, Casano
P, de Zegher F. Abdominal fat partitioning and highmolecular-weight adiponectin in short children born small
for gestational age. J Clin Endocrinol Metab
2009;94(3):1049–52.
22. Kaushal R, Bates DW, Landrigan C, McKenna KJ, Clapp
MD, Federico F, et al. Medication errors and adverse drug
events in pediatric inpatients. JAMA 2001;285(16):2114–20.
23. Gray SL, Mahoney JE, Blough DK. Adverse drug events in
elderly patients receiving home health services following
hospital discharge. Ann Pharmacother 1999;33(11):1147–53.
24. Grymonpre RE, Mitenko PA, Sitar DS, Aoki FY,
Montgomery PR. Drug-associated hospital admissions in
older
medical
patients.
J
Am
Geriatr
Soc
1988;36(12):1092–8.
25. Zhu B, Liu ZQ, Chen GL, Chen XP, Ou-Yang DS, Wang
LS, et al. The distribution and gender difference of CYP3A
activity in Chinese subjects. Br J Clin Pharmacol
2003;55(3):264–9.
26. Montastruc JL, Lapeyre-Mestre M, Bagheri H, Fooladi A.
Gender differences in adverse drug reactions: analysis of
spontaneous reports to a Regional Pharmacovigilance Centre
in France. Fundam Clin Pharmacol 2002;16(5):343–6.
27. Wilke RA, Lin DW, Roden DM, Watkins PB, Flockhart D,
Zineh I, et al. Identifying genetic risk factors for serious
adverse drug reactions: current progress and challenges.
Nat Rev Drug Discov. 2007;6(11):904–16.
28. Belle DJ, Singh H. Genetic factors in drug metabolism. Am
Fam Physician 2008;77(11):1553–60.
29. Naud J, Michaud J, Leblond FA, Lefrancois S,
Bonnardeaux A, Pichette V. Effects of chronic renal failure
on liver drug transporters. Drug Metab Dispos
2008;36(1):124–8.
30. Carey DL, Day RO, Bowden FJ. Managing HIV. Common
drug interactions in HIV medicine. Med J Aust
1996;164(10):605–6.
31. Kurnik D, Loebstein R, Farfel Z, Ezra D, Halkin H,
Olchovsky D. Complex drug-drug-disease interactions
between amiodarone, warfarin, and the thyroid gland.
Medicine (Baltimore) 2004;83(2):107–13.
32. Davies EC, Green CF, Mottram DR, Pirmohamed M.
Adverse drug reactions in hospitals: a narrative review.
Curr Drug Saf 2007;2(1):79–87.
33. Kim BH, Yi S, Kim J, Lim KS, Kim KP, Lee B, et al.
Influence of alcohol on the hemodynamic effects and
pharmacokinetic properties of mirodenafil: a single-dose,
randomized-sequence, open-label, crossover study in
healthy male volunteers in Korea. Clin Ther
2009;31(6):1234–43.
34. Woo D, Khoury J, Haverbusch MM, Sekar P, Flaherty ML,
Kleindorfer DO, et al. Smoking and family history and risk
of aneurysmal subarachnoid hemorrhage. Neurology
2009;72(1):69–72.
35. Scully C. Drug effects on salivary glands: dry mouth. Oral
Dis 2003;9(4):165–76.
36. Bushra R, Aslam N, Khan AY. Food-drug interactions.
Oman Med J. 2011;26(2):77–83.
37. Pearson TF, Pittman DG, Longley JM, Grapes ZT, Vigliotti
DJ, Mullis SR. Factors associated with preventable adverse
drug reactions. Am J Hosp Pharm 1994;51(18):2268–72.
38. Schumock GT, Thornton JP. Focusing on the preventability
of adverse drug reactions. Hosp Pharm 1992;27(6):538.
39. Egberts TC, Smulders M, de Koning FH, Meyboom RH,
Leufkens HG. Can adverse drug reactions be detected

http://www.jamc.ayubmed.edu.pk

705

J Ayub Med Coll Abbottabad 2015;27(3)

40.
41.

42.

43.

44.
45.

earlier? A comparison of reports by patients and
professionals. BMJ 1996;313(7056):530–1.
Fincham JF. An overview of adverse drug reactions. Am
pharm 1991;NS31(6):47–52.
Shah S, Shah H, Khaskheli MN, Akhtar J. Adverse drug
reactions: clinical assessment of drug induced disease. J
Ayub Med Coll Abottabad. 2005;17(1):89–91.
Agrawal A. Medication errors: Prevention using
information technology system. Br J Clin Pharmacol
2009;67(6):681-686.
Franklin BD, O’Grady K, Donyai P, Jacklin A, Barber N.
The Impact of a closed-loop electronic prescribing errors,
administration errors and staff time: a before-and after
study. Qual saf health care,2007;16(4):279-84.
Melmon KL. Preventable drug reactions--causes and cures.
N Engl J Med 1971;17;284(24):1361–8.
Miller RR. Hospital admissions due to adverse drug
reactions. A report from the Boston Collaborative Drug
Surveillance Program. Arch Intern Med 1974;134(2):219–23.

46. Dietz BL, Oberg KC. Judicious evaluation of adverse drug
reactions:
inaccurate
assessment
of
3‐hydroxy‐3‐methylglutaryl coenzyme A reductase
inhibitor‐induced muscle injury. Pharmacotherapy
1999;19(2):232–5.
47. Burnakis TG. Inaccurate assessment of drug-induced
thrombocytopenia: reason for concern. Ann Pharmacother
1994;28(6):726–9.
48. Khalili H, Mohebbi N, Hendoiee N, Keshtkar AA, DashtiKhavidaki S. Improvement of knowledge, attitude and
perception of healthcare workers about ADR, a pre- and
post-clinical pharmacists' interventional study. BMJ Open
2012;2:e000367.
49. Major E. The yellow card scheme and the role of
pharmacists as reporters. Pharm J 2002;269(7205):25–6.
50. Shulman JI, Shulman S, Haines AP. The prevention of
adverse drug reactions--a potential role for pharmacists in
the primary care team? J R Coll Gen Pract
1981;31(228):429–34.

Address for Correspondence:
Rabia Bushra, Ziauddin College of Pharmacy, Ziauddin University, Clifton, Karachi-Pakistan
Email: rabia_pharmacist@hotmail.com

706

http://www.jamc.ayubmed.edu.pk

