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INTRODUCTION

Patient safety is one of the most essential elements of modern-day 
health-care systems [1]. With the mounting reliance on medication 
therapy as the primary intervention for most illnesses, medications 
may also cause either non-preventable adverse effects or potentially 
preventable medications errors [1,2]. Adverse drug reactions (ADRs) 
are common causes of mortality and morbidity worldwide, and its 
occurrence in real-world medical practice cannot always be predicted 
by pre-marketing data given that a limited number of selected patients 
are enrolled in clinical trials for specific indications and monitored for a 
limited period of time [3]. Various studies in general adult populations 
have quantified that 5%–7% of all hospitalizations are due to ADRs, 
with over half of these arbitrated to be preventable, and that 3%–6% 
of ADRs are fatal or have serious health consequences [4-6]. Health-
care costs attributable to ADRs have been estimated to be 5%–9% of 
total inpatient costs per annum [7]. Older people experience greater 
morbidity with a corresponding increase in medication utilization, 
resulting in a higher risk of ADRs. The relative physiological change that 
occurs with aging affects the pharmacokinetics and pharmacodynamics 
of medications, which may increase the potential for drug toxicity 
and ADRs [8]. Various definitions are being identified by researchers 
for ADR, for instance, the US FDA definition described it as “any 
adverse event for which there is a reasonable possibility that the drug 
caused the adverse event, ‘reasonable possibility’ suggesting a causal 
relationship between the drug and the adverse event”[9], the World 
Health Organization (WHO) defines it as “a response to a medicine 
which is noxious and unintended, and which occurs at doses normally 
used in man” [10], and as per Edwards and Aronson definition, “ADR 
is 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”[11].

There are various factors that predispose patients to ADRs such as 
polypharmacy, age, intercurrent diseases, comorbidity, gender, history 

of ADRs, and length of hospital stays [12]. Although few authors have 
explored the relationship between the risk factors and ADRs [13-15], 
there exists a controversial corroboration due to differences in 
definitions, study settings, study designs, study population, statistical 
methods, race, and ethinicity [16]. Few studies explored that female 
gender is the major predictor of adverse reactions [17-20], while other 
findings documented that patients with age above 65years had more 
than 50% of hospitalizations due to ADRs [5,21].

Even though a large number of studies have identified and assessed 
ADRs, little has been focused on the associated risk factors with 
appropriate statistical analysis in adult and elderly population. This 
review was conducted with the aim to determine potential significant 
risk factors of ADRs during hospitalization in the adult and elderly 
population.

This review was conducted and reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses guidelines. 
An electronic search of articles published in English language in 
databases such as Cochrane database of systematic reviews, MEDLINE, 
EMBASE, Scopus, and Google Scholar in between January 2001 and 
April 2018 was conducted. Medical subject heading terminology and 
other keywords were used for studies published in different databases. 
The search terms used were: “Adverse reactions,” “ADRs,” “adverse 
effects,” “drug-related problems,” “risk factors,” “predictive factors,” 
“general adult population,” “elderly patients,” and “hospital admission.” 
The auxiliary search terms used included: “Drug adverse effects,” “drug 
therapy,” “geriatric,” “hospitalization,” and “emergency admissions.” All 
the titles and abstracts of identified studies were examined critically 
for potential relevance. The reference lists of all eligible full-text 
articles were hand searched and reviewed to locate other relevant 
original studies. Two reviewers undertook searches independently 
and assessed and discussed study findings, and the final consensus was 
reached to ensure the search strategy was accurate and reproducible.

All studies that were peer-reviewed, highly citation, available in English 
language, and full-text articles were included. Those studies that 
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reported ADRs either prospectively or retrospectively in hospitalized 
adult and elderly patients were included, irrespective of hospital 
department or specialty. For inclusion in the review, studies had to 
include an explicit definition of what was considered an ADR and/or 
an explicit assessment of causality, as well as a clear description of the 
method used for ADR identification. In particular, studies also had to 
explore factors associated with an increased risk of an ADR statistically 
through logistic regression (univariate and multivariate).

Studies that looked at ADR-related hospital readmissions were excluded 
from the review. Those studies with only abstracts were excluded if the 
full-text article could not be found, as it restricts meaningful evaluation 
and quality appraisal provided in abstracts. Studies and/or clinical 
trials that reported adverse reactions in special population such as 
pediatric and pregnant women and lactating mothers were excluded. 
Those studies that reported ADRs associated with off-labeled drug 
usage were also excluded from the study.

All the titles and abstracts that fulfilled inclusion criteria were assessed 
critically for relevance of title, year of publication, first author, country 
of origin, study sample size, study population, study design, and subject 
age groups. Data were extracted including explicit ADR definition, 
identification method, risk factors, statistical method and prevalence, 
and causality assessment using a custom-designed data extraction form. 
In those studies, where the prevalence was not directly reported, it was 
calculated by dividing the number of patients identified with an ADR of 
all included patients. Extracted data were entered into Microsoft Excel 
365 for descriptive data analysis. Overall mean±standard deviation of 
ADR prevalence was calculated at 95% confidence intervals (CIs).

ADR ASSOCIATED RISK FACTORS - ADULT POPULATION

The risk factors were categorized as patient-related and medication-
related risk factors. Univariate analysis identified very few significant 
medication-related risk factors such as polypharmacy [1,15,22,23], non-
adherence [1], anti-tuberculosis drugs [23], and ART drugs [23]. Whereas 
results of multivariate analysis concluded that polypharmacy [1,15,22,23] 
was the highly influential independent predictor of ADR. Patient-related 
risk factors such as comorbidities, female gender, body mass index, 
h/o ADR, length of hospital stay, impaired renal function, number of 
diagnoses, and dependent living situation were significant [1,15,22,23]. 
Among these, comorbidity was evidenced as independent predictor in 
four studies, followed by h/o ADR and length of hospital stay.

ADR-ASSOCIATED RISK FACTORS - ELDERLY POPULATION

In this assessment of the effect of predictors in the development of 
ADRs, under univariate analysis, patient-related determinants were 
age, female gender, comorbidities, length of hospital stay, renal failure, 
liver disease, dementia, IHD, heart failure, depression, hyperlipidemia, 
and increased serum concentration and the medication-related 
predictors were polypharmacy, number of doses, narrow therapeutic 
drugs, anticholinergic drugs, antiarrhythmics, and antihyperglycemic 
drugs, and inappropriate prescription was significant [25-30]. While 
in the multivariate analysis, age ≥85  years [27], female gender [26], 
and length of hospital stay [29] were patient-related independent 
predictors and polypharmacy was the only one medication-related 
independent predictor identified in four studies, in which polypharmacy 
with ≥8 drugs was observed as the highly influential predictor in two 
studies [28,29] and ≥5 drugs was evidenced in a single study [26].

To the best of our knowledge, this is the first kind of systematic review 
that appraised univariate and multivariate logistic regression in the 
identification of significant risk factors for ADRs. This search found 
only 11 studies that met the inclusion criteria, and nearly half of the 
studies were done in adult population. Studies showed explaining the 
variations in prevalence rates and risk factors of ADRs.

An overall up to 13.7% of patients admitted to hospital experience 
an ADR during their hospitalization, while previously conducted 

systematic review [31] projected that up to 4% of all adult patients 
admitted to hospital experience an ADR either leading to or during their 
hospital admission. However, a meta-analysis conducted by Oscanoal 
et al. [32]., in the year 2017, reported that the prevalence of ADR among 
elderly patients that led to hospital admissions accurately to be 8.7% 
(95% CI, 7.6%–9.8%).

In our review, three unambiguous definitions were being utilized in 
the studies for ADR identification which might explain the differences 
in ADR prevalence rate reported. Previous literatures [33] have 
sufficiently elaborated on the contribution of different fundamental 
criteria adopted in various setting in the identification of ADR between 
reported studies with respect to prevalence. Although one study used 
USFDA definition, there was no significant change in prevalence rate 
reported owing to the slenderest difference compared to the WHO 
definition.

RISK FACTORS OF ADRs

In our review, overall 80 risk factors were studied among the total 
population of 20,974, wherein 30 significant risk factors were 
recognized as potential and 18 as independent predictors of ADRs based 
on univariate and multivariate logistic regression analysis (Table 1).

Polypharmacy
Polypharmacy was the most consistent and highly acknowledged 
predictor witnessed in almost all the literature to quantify the risk 
associated with ADR [1,15,24,26-29,34]. In continuation, few studies 
quoted that polypharmacy is chosen when a patient presents with 
multiple comorbidities in order to augment the initial therapy 
and advanced age of patients who may require drugs with varied 
mechanisms of action [35]. However, polypharmacy intensifies the 
possibility of ADRs due to drug- drug interactions from 2% to 5% [36-
40] and may heighten it up to 9% with each additional prescribed drug 
thereafter [27]. And also, it can increase the risk of multiple ADRs than 
single ADR [41]. It is important for the prescribers to ponder on this 
risk factor, take imperative steps to reduce the risk through usage of 
combinational drugs, or discontinuation of unnecessary drugs through 
reevaluating the disease condition of the patients specifically in older 
adults. Reducing the number of drugs in the prescription is the simplest 
way of reducing the ADRs [42]. Furthermore, the total number of 
drugs along with the individual drug’s risk could be incorporated into 
an electronic algorithm and determining the benefit-to-risk ratio of 
individual drug therapy is essential to minimize polypharmacy.

Comorbidities
Comorbidity was the second most frequently reported significant risk 
factor for ADR in the adult and elderly patients [1,22,23,25,26,28,30]. 
However, three studies particularized through the application of 
multivariate logistic regression to identify it as an independent 
predictor of ADR but then only in adult patients [1,22,23]. Two 
authors expressed renal dysfunction and limited sample size as the 
possible cause of refuting comorbidity as a significant risk factor. 
Patients with polymorbidity may have altered pharmacodynamic 
and pharmacokinetic mechanisms due to drug-disease interaction 
predisposing them to ADRs and other explanations that require further 
research in this area.

Length of hospital stay
ADRs are considered as serious health hazard in hospitalized patients. 
From the findings of the review, significant association was built up 
between the length of hospital stay and ADRs [24,29]. Findings clarified 
that the length of stay is the proxy measure of comorbidity and chronic 
illness with an increased number of prescribed drugs at higher doses, 
reflecting an increased risk of ADR. The probability of adverse reactions 
increases 6% for every additional day of hospitalization [43], and every 
2.2 hospital bed day of patient was due to ADRs [26]. Length of hospital 
stays ≥12 days was 2.3 times of the risk for ADR [33], and it has more 
importance than patient characteristics in the explanation of ADR 
[44]. To back up this, literature witnessed that about 5% of all hospital 
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admissions were due to ADR with an average length of hospital stay of 
1.8-8.5 days per patient per ADR. [45-48].

Age
Older age was reported as an independent predictor of ADR, evidenced 
only in one study [27], while other studies reported that age was 
not an independent predictor of ADR. This mismatch may be due 
to dissimilarities in matching criteria and demonstration of the 
significance of age as a risk factor only in univariate analysis. However, 
the incidence of ADRs was significantly higher in the elderly patients 
compared to other age groups [22,34,49,50], owing to increased age, 
deteriorating organ function, reduced hepatic and renal clearance, 
polymorbidity, polypharmacy, usage of over the counter drugs, and 
alternative medicine [34,51,52].

Renal impairment
It is widely accepted that renal impairment has a direct effect on a 
number of ADRs, and it was recognized first time in the year 1966 by 
the Smith et al. [53]. However, our review findings identified that it was 
an independent predictor of ADR in both adult patients and elderly 
patients [1,23,27,30]. The patients with renal impairment display 
altered drug clearance results that may ensue either drug toxicity or 
subtherapeutic effect. Hence, it is pretty much important for early 
estimation of creatinine clearance to identify the renal function, before 
prescription of such drugs having higher risk ADRs, particularly in 

elderly patients.

History of ADR
This review highlighted that history of ADR as a significant predictor 
in adult population which may be because of their active immunity 
compared to elderly patients. Two studies stated that patients with 
previously experienced ADRs were having 17.46  times odds of ADR 
in tuberculosis and 28.94  times odds in HIV/AIDs positive [22,23]. 
Prescriber’s attention toward medication and ADR history taking may 
reduce the recurrence of ADR in such vulnerable population.

Gender
Female gender was identified to be an independent predictor of ADR 
in the two articles [22,26], while one study revealed significance 
only through univariate logistic regression analysis [15]. However, 
further detailed research is required for a definite relationship. Few 
explanations behind the predisposition of women for ADR were 
attributed to them having lower lean body mass, reduction in hepatic 
clearance, differences in activity of cytochrome P450 (CYP) enzymes, 
and metabolization of drugs at different rates compared with men [54]. 
Moreover, females are known to use oral contraceptives, hormonal 
supplements adding on to increased number of drugs, especially in their 
reproductive years, and vitamin and mineral supplements during pre 
and postmenopausal periods that may predispose them for ADRs  [55]. 
However, few studies recommended that it was not a significant risk 
factor of ADR through their observations [35,56].

Strengths and limitations
Strength of the present review was strict inclusion criteria mandating 
assessment of risk factor with fitting statistical method and usage 
explicit definitions of ADR. The number of studies selected was low, as 
many studies did not mention true sample sizes had to be excluded. 
Many studies failed to give the appropriate explanation for their 
insignificance of risk factors. However, our quality assessment of each 
study was subjected to affirm the independent predictors of ADRs.

CONCLUSION

Review of literature found eleven papers that detailed the following 
measurable risk factors polypharmacy, comorbidities, length of stay, 
age, renal impairment, history of ADR, and gender linked with ADRs. 
Multiple drug regimen is the most frequently documented independent 
medication-related risk factor of ADR. Renal impairment had non-
discrimination in both adult and elderly patients with respect to 
their risk. Gender is an independent predictor of ADR evidenced in a 
negligible amount of studies; further, more research is required to find 
its definite relationship with ADR. Aging increases the risk of ADR in 
association with multiple diseases and number of drugs. There is a 
great significance for reevaluation of pharmacotherapy in the elderly 
patients to reduce the risk of drug-related issues. Researchers and 
health-care professionals should consider all the factors of drug-related 
issues for the rationale of treatment.

AUTHOR’S CONTRIBUTION

Manoj Kumar Mudigubba: Conceptualized the article, compiled full 
literature search, and drafted the manuscript. Mamatha Krishna 
Murthy: Developed the standards of manuscript. Ann Mary Swaroop: 
Reviewed and edited the manuscript. Nayantara M: Compiled literature 
search and evaluated. Saurabh Dahiya: Supervisor of the research work, 
provided guidance in the preparation of a standard paper.

CONFLICTS OF INTEREST

Authors declared no conflict of interest.

REFERENCES

1.	 Leendertse AJ, Egberts AC, Stoker LJ, van den Bemt PM, HARM 
Study Group. Frequency of and risk factors for preventable medication-
related hospital admissions in the Netherlands. Arch Intern Med 

Table 1: Significant predictors of ADRs in univariate and 
multivariate logistic regression model

Identified risk factors  
associated with ADRs

Univariate  
analysis p<0.05

Multivariate  
analysis p<0.05

Patient‑related factors
Female gender Yes Yes
Comorbidity Yes No
Length of hospital stay Yes Yes
H/o allergy to the drugs Yes No
Renal failure Yes Yes
Liver disease Yes No
Age Yes Yes
Dementia Yes Yes
Heart failure Yes Yes 
Hyperlipidemia Yes Yes
High WBC count on 
admission

Yes No

Non‑adherence to the 
medication regimen

Yes Yes

H/o ADR Yes Yes
BMI Yes Yes
Ischemic heart disease Yes Yes
Depression Yes Yes
Medication‑related factors
Inappropriate 
prescription/STOPP 
medication

Yes Yes

Drug changes in the 
preceding 3 months

Yes Yes

Anticholinergics Yes Yes
Antiarrhythmics Yes No
Polypharmacy Yes Yes
Number of doses Yes No
Drugs of NTI Yes No
Anti‑hypertensives Yes Yes
ACE inhibitors Yes No
Beta‑blockers Yes No
Diuretics Yes No
Antidiabetic agents Yes Yes
Anti‑TB drugs Yes No
ART drugs Yes No
ART: Antiretroviral therapy, WBC: White blood cell, ACE: Angiotensin‑converting 
enzyme, TB: Tuberculosis



28

Asian J Pharm Clin Res, Vol 11, Issue 10, 2018, 25-29
	 Mudigubba et al.

2008;168:1890-6.
2.	 Hughes RG, Blegen MA. Patient Safety and Quality: An Evidence-

Based Handbook for Nurses: Medication Administration Safety. 
Rockville: Agency for Healthcare Research and Quality (US); 2008.

3.	 Ozcan G, Aykac E, Kasap Y, Nemutlu NT, Sen E, Aydinkarahaliloglu ND. 
Adverse drug reaction reporting pattern in Turkey: Analysis of 
the national database in the context of the first pharmacovigilance 
legislation. Drugs Real World Outcomes 2016;3:33-43.

4.	 Al-Naher A, Wright D, Devonald MA, Pirmohamed M. Renal function 
monitoring in heart failure-what is the optimal frequency? A narrative 
review. Br J Clin Pharmacol 2018;84:5-17.

5.	 Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley TJ, 
et  al. Adverse drug reactions as cause of admission to hospital: 
Prospective analysis of 18 820 patients. BMJ 2004;329:15-9.

6.	 Wester K, Jönsson AK, Spigset O, Druid H, Hägg S. Incidence of fatal 
adverse drug reactions: A population based study. Br J Clin Pharmacol 
2008;65:573-9.

7.	 Moore N, Lecointre D, Noblet C, Mabille M. Frequency and cost of 
serious adverse drug reactions in a department of general medicine. Br 
J Clin Pharmacol 1998;45:301-8.

8.	 Cahir CC, Curran C, Byrne C, Walsh C, Hickey A, Williams DJ, 
et al. Adverse drug reactions in an ageing population (ADAPT) study 
protocol: A  cross-sectional and prospective cohort study of hospital 
admissions related to adverse drug reactions in older patients. BMJ 
Open 2017;7:1-12.

9.	 Investigational New Drug Application. Department of Health and 
Human Services. FDA. Code of Federal Regulations 2017;5. title 21. 
Available from: https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/
cfCFR/CFRSearch.cfm?fr=312.3. [Last accessed on 2018 May 23].

10.	 International Drug Monitoring: The Role of National Centres. Report of 
a WHO meeting. World Health Organ Tech Rep Ser 1972;498:1-25.

11.	 Edwards IR, Aronson JK. Adverse drug reactions: Definitions, 
diagnosis, and management. Lancet 2000;356:1255-9.

12.	 Mudigubba MK, Rajashekarachari Y, Dahiya S. Risk factors associated 
with adverse drug reactions in hospitalized patients. Int J Pharm Sci Res 
2017;8:3847-54.

13.	 Ben-Yehuda A, Bitton Y, Sharon P, Rotfeld E, Armon T, Muszkat M, 
et  al. Risk factors for prescribing and transcribing medication errors 
among elderly patients during acute hospitalization: A  cohort, case-
control study. Drugs Aging 2011;28:491-500.

14.	 Bates DW, Miller EB, Cullen DJ, Burdick L, Williams L, Laird N, et al. 
Patient risk factors for adverse drug events in hospitalized patients. 
ADE prevention study group. Arch Intern Med 1999;159:2553-60.

15.	 Macedo AF, Alves C, Craveiro N, Marques FB. Multiple drug exposure 
as a risk factor for the seriousness of adverse drug reactions. J Nurs 
Manag 2011;19:395-9.

16.	 Rashed AN, Wong IC, Cranswick N, Tomlin S, Rascher W, Neubert A. 
Risk factors associated with adverse drug reactions in hospitalized 
children. International multicentre study. Eur J Clin Pharmacol 
2012;68:801-10.

17.	 Martínez-Mir I, García-López M, Palop V, Ferrer JM, Rubio E, 
Morales-Olivas FJ, et al. A prospective study of adverse drug reactions 
in hospitalized children. Br J Clin Pharmacol 1999;47:681-8.

18.	 Thürmann PA. Methods and systems to detect adverse drug reactions in 
hospitals. Drug Saf 2001;24:961-8.

19.	 van den Bemt PM, Egberts AC, Lenderink AW, Verzijl JM, Simons KA, 
van der Pol WS, et al. Risk factors for the development of adverse drug 
events in hospitalized patients. Pharm World Sci 2000;22:62-6.

20.	 Zoppi M, Braunschweig S, Kuenzi UP, Maibach R, Hoigne R. Incidence 
of lethal adverse drug reactions in the comprehensive hospital drug 
monitoring, a 20-year survey, 1974-1993, based on the data of Berne/
St. Gallen. Eur J Clin Pharmacol 2000;56:427-30.

21.	 Patel H, Bell D, Molokhia M, Srishanmuganathan J, Patel M, Car  J, 
et  al. Trends in hospital admissions for adverse drug reactions in 
England: Analysis of national hospital episode statistics 1998-2005. 
BMC Clin Pharmacol 2007;7:9.

22.	 Haile DB, Ayen WY, Tiwari P. Prevalence and assessment of factors 
contributing to adverse drug reactions in wards of a tertiary care 
hospital, India. Ethiop J Health Sci 2013;23:39-48.

23.	 Angamo MT, Curtain CM, Chalmers L, Yilma D, Bereznicki  L. 
Predictors of adverse drug reaction-related hospitalisation in 
southwest Ethiopia: A  prospective cross-sectional study. PLoS One 
2017;12:e0186631.

24.	 Javadi MR, Shalviri G, Gholami K, Salamzadeh J, Maghooli G, 
Mirsaeedi SM, et  al. Adverse reactions of anti-tuberculosis drugs 
in hospitalized patients: Incidence, severity and risk factors. 
Pharmacoepidemiol Drug Saf 2007;16:1104-10.

25.	 Wawruch M, Zikavska M, Wsolova L, Kuzelova M, Kahayova K, 
Strateny K, et al. Adverse drug reactions related to hospital admission 
in Slovak elderly patients. Arch Gerontol Geriatr 2009;48:186-90.

26.	 Harugeri A, Parthasarathi G, Ramesh M, Guido S, Basavanagowdappa H. 
Frequency and nature of adverse drug reactions in elderly in-patients of 
two Indian medical college hospitals. J Postgrad Med 2011;57:189-95.

27.	 Connor MO, Gallagher P, Byrne S, Mahony DO. Adverse drug 
reactions in older patients during hospitalisation: Are they predictable? 
Age Ageing 2012;41:771-6.

28.	 Chen YC, Fan JS, Chen MH, Hsu TF, Huang HH, Cheng KW, et al. 
Risk factors associated with adverse drug events among older adults in 
emergency department. Eur J Intern Med 2014;25:49-55.

29.	 Tangiisuran B, Scutt G, Stevenson J, Wright J, Onder G, Petrovic M, 
et al. Development and validation of a risk model for predicting adverse 
drug reactions in older people during hospital stay: Brighton adverse 
drug reactions risk (BADRI) model. PLoS One 2014;9:e111254.

30.	 Nair NP, Chalmers L, Connolly M, Bereznicki BJ, Peterson GM, 
Curtain  C, et  al. Prediction of hospitalization due to adverse drug 
reactions in elderly community dwelling patients (The PADR-EC 
Score). PLOS One 2016;11:e0165757.

31.	 Saedder EA, Lisby M, Nielsen LP, Bonnerup DK, Brock B. Number of 
drugs most frequently found to be independent risk factors for serious 
adverse reactions: A systematic literature review. Br J Clin Pharmacol 
2015;80:808-17.

32.	 Oscanoa TJ, Lizaraso F, Carvajal A. Hospital admissions due to adverse 
drug reactions in the elderly. A  meta-analysis. Eur J Clin Pharmacol 
2017;73:759-70.

33.	 Alhawassi TM, Krass I, Bajorek BV, Pont LG. A systematic review of 
the prevalence and risk factors for adverse drug reactions in the elderly 
in the acute care setting. Clin Interv Aging 2014;9:2079-86.

34.	 Jose J, Rao PG. Pattern of adverse drug reactions notified by spontaneous 
reporting in an Indian tertiary care teaching hospital. Pharmacol Res 
2006;54:226-33.

35.	 Mudigubba MK, Rajashekarachari Y, Dahiya S. Evaluation of 
predisposing factors associated with suspected adverse drug reactions 
of hospitalized patients. J Young Pharm 2018;10:202-7.

36.	 Admassie E, Melese T, Mequanent W, Hailu W, Srikanth BA. Extent 
of poly-pharmacy, occurrence and associated factors of drug-drug 
interaction and potential adverse drug reactions in Gondar teaching 
referral hospital, north west Ethiopia. J  Adv Pharm Technol Res 
2013;4:183-9.

37.	 Wochenschr K. Poly-pharmacy, inappropriate prescribing and adverse 
drug reactions in Austria. Mid Euro J Med 2008;20:713-4.

38.	 Cadieux RJ. Drug interactions in the elderly. How multiple drug use 
increases risk exponentially. Postgrad Med 1989;86:179-86.

39.	 Bates DW, Spell N, Cullen DJ, Burdick E, Laird N, Petersen LA, et al. 
The costs of adverse drug events in hospitalized patients. Adverse drug 
events prevention study group. JAMA 1997;277:307-11.

40.	 Nolan L, O’Malley K. Prescribing for the elderly. Part 1: Sensitivity of 
the elderly to adverse drug reactions. J Am Geriatr Soc 1988;36:142-9.

41.	 Siddiqui S, Baig MM, Jaffer S, Ansar SF. Study on prevalence of 
adverse drug reactions in patients suffering from tuberculosis in a 
tertiary care hospital. Int J Pharm Pharm Sci 2016;8:375-7.

42.	 Kumar L. Pharmacovigilance/reporting adverse drug reactions: An 
approach to enhance health surveillance and extending market share 
by minimizing the chances of drug withdrawals. Int J Pharm Pharm Sci 
2015;7:1-7.

43.	 Andrews LB, Stocking C, Krizek T, Gottlieb L, Krizek C, Vargish T, 
et  al. An alternative strategy for studying adverse events in medical 
care. Lancet 1997;349:309-13.

44.	 Weingart SN, Wilson RM, Gibberd RW, Harrison B. Epidemiology of 
medical error. BMJ 2000;320:774-7.

45.	 Kongkaew C, Noyce PR, Ashcroft DM. Hospital admissions associated 
with adverse drug reactions: A  systematic review of prospective 
observational studies. Ann Pharmacother 2008;42:1017-25.

46.	 Krähenbühl-Melcher A, Schlienger R, Lampert M, Haschke M, 
Drewe  J, Krähenbühl S, et  al. Drug-related problems in hospitals: 
A review of the recent literature. Drug Saf 2007;30:379-407.

47.	 Rodríguez-Monguió R, Otero MJ, Rovira J. Assessing the economic 
impact of adverse drug effects. Pharmacoeconomics 2003;21:623-50.

48.	 Tegeder I, Levy M, Muth-Selbach U, Oelkers R, Neumann F, 
Dormann  H, et  al. Retrospective analysis of the frequency and 
recognition of adverse drug reactions by means of automatically 
recorded laboratory signals. Br J Clin Pharmacol 1999;47:557-64.

49.	 Saha L, Pandhi P, Malhotra S, Sharma N. Adverse drug event (ADE) 
related Medical emergency department visits and hospital admissions: 
A prospective study from a North Indian referral hospital. J Clin Diag 



29

Asian J Pharm Clin Res, Vol 11, Issue 10, 2018, 25-29
	 Mudigubba et al.

Res 2008;2:600-4.
50.	 Pirmohamed M, Breckenridge AM, Kitteringham NR, Park BK. 

Adverse drug reactions. BMJ 1998;316:1295-8.
51.	 Budnitz DS, Shehab N, Kegler SR, Richards CL. Medication use 

leading to emergency department visits for adverse drug events in older 
adults. Ann Intern Med 2007;147:755-65.

52.	 Klotz U. Pharmacokinetics and drug metabolism in the elderly. Drug 
Metab Rev 2009;41:67-76.

53.	 Smith JW, Seidl LG, Cluff LE. Studies on the epidemiology of adverse 
drug reactions V. Clinical factors influencing susceptibility. Ann Intern 
Med 1966;65:629-40.

54.	 Mamatha K, Singh H, Thakur SR. A study of adverse drug reactions 
associated with antidepressant drugs among female patients attending 
department of psychiatry. Minerva Psychiatr 2017;58:90-6.

55.	 Mamatha K, Singh H, Thakur SR. A study of drug utilization pattern 
of psychotropic drugs among female patients with psychotic disorders: 
A prospective study. Minerva Psychiatr 2017;58:85-9.

56.	 Thiesen S, Conroy EJ, Bellis JR, Bracken LE, Mannix HL, Bird KA, 
et  al. Incidence, characteristics and risk factors of adverse drug 
reactions in hospitalized children – a prospective observational cohort 
study of 6,601 admissions. BMC Med 2013;11:237.


