PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Rasool MF, Rehman Au, Khan |, Latif M,
Ahmad |, Shakeel S, et al. (2023) Assessment of
risk factors associated with potential drug-drug
interactions among patients suffering from chronic
disorders. PLoS ONE 18(1): €0276277. https://doi.
org/10.1371/journal.pone.0276277

Editor: Antonio De Vincentis, University Campus
Bio-Medico di Roma, ITALY

Received: May 6, 2022
Accepted: October 4, 2022
Published: January 24, 2023

Copyright: © 2023 Rasool et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Assessment of risk factors associated with
potential drug-drug interactions among
patients suffering from chronic disorders

Muhammad Fawad Rasool', Anees ur Rehman®'-2*, Irfanullah Khan? Muhammad Latif2,
Imran Ahmad®, Sadia Shakeel®, Muhammad Sadiq', Khezar Hayat®, Shahid Shah’,
Waseem Ashraf®, Abdul Majeed’, litaf Hussain', Rabia Hussain®

1 Department of Pharmacy Practice, Faculty of Pharmacy, Bahauddin Zakariya University, Multan, Pakistan,
2 Department of Clinical Pharmacy, School of Pharmaceutical Sciences, University Sains Malaysia, Penang,
Malaysia, 3 Department of Zoology, Division of Science and Technology, University of Education, Lahore,
Pakistan, 4 Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Bahauddin Zakariya University,
Multan, Pakistan, 5 Department of Pharmacy Practice, Faculty of Pharmaceutical Sciences, Dow University
of Health Sciences, Karachi, Pakistan, 6 Institute of Pharmaceutical Sciences, University of Veterinary and
Animal Sciences, Lahore, Pakistan, 7 Department of Clinical Pharmacy, Faculty of Pharmaceutical Sciences,
Government College University, Faisalabad, Pakistan, 8 Department of Pharmacology, Faculty of Pharmacy,
Bahauddin Zakariya University, Multan, Pakistan, 9 Department of Social and Administrative Pharmacy,
School of Pharmaceutical Sciences, University Sains Malaysia, Penang, Malaysia

* aneesurrehman @bzu.edu.pk, aneesurrehmanr90 @ gmail.com

Abstract

Patients suffering from chronic diseases are more likely to experience pDDIs due to older
age, prolonged treatment, severe illness and greater number of prescribed drugs. The objec-
tive of the current study was to assess the prevalence of pDDlIs and risk factors associated
with occurrence of pDDls in chronic disease patients attending outpatient clinics for regular
check-ups. Patients suffering from diabetes, chronic obstructive pulmonary disease
(COPD), stroke and osteoporosis were included in the study. This study was a cross sec-
tional, observational, prospective study that included 337 patients from outpatient clinics of
respiratory ward, cardiac ward and orthopedic ward of Nishter Hospital Multan, Pakistan.
The mean number of interactions per patient was 1.68. A greater risk for occurrence of pDDI
was associated with older age > 60 years (OR = 1.95, 95% CI = 1.44-2.37, p<0.001); poly-
pharmacy (> 5 drugs) (OR = 3.74, 95% Cl 2.32—4.54, p<0.001); overburden (OR =2.23,
95% Cl = 1.64-3.16, p<0.01); CCl score (OR = 1.28, 95% Cl = 1.04—1.84, p<0.001); multiple
prescribers to one patient (OR = 1.18, 95% Cl = 1.06—1.41, p<0.01); and trainee practitioner
(OR=1.09, 95% Cl = 1.01-1.28, p<0.01). Old age, polypharmacy, overburden healthcare
system, higher comorbidity index, multiple prescribers to one patient and trainee practitioner
were associated with increased risk of occurrence of pDDlIs in chronic disease patients.

1. Introduction

Drug-drug interaction (DDI) is defined as an unwanted clinical effect of a drug under the
influence of other drug resulting in compromised therapeutic efficacy or enhanced toxicity
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[1]. DDIs are associated with considerable economic burden to patients and healthcare system
[2]. In the United States of America more people die due to DDIs than traffic accidents, auto
immune deficiency Syndrome or breast cancer [3, 4]. DDIs are reported as 3rd leading cause
of outpatient visits after cardiovascular diseases and cancer [5]. Globally 6.5% to 11.4% of all
hospital admissions, and 22% of readmissions after discharge are due to drug related events
[5]. In older patients’ hospital admissions due to DDIs are even higher, ranging from 10% to
19.6% [6]. Although the number of potential interacting drug combinations is very large only
a small number are relevant in clinical practice. Potential drug-drug interactions (pDDIs) con-
stitute one of the often-preventable cause of DDIs. Clinically significant pDDIs can result in
increased outpatient visits, prolonged therapy, hospitalization, increased cost of treatment and
higher mortality risk [7]. Approximately 46% of the hospital admissions due to pDDIs are pre-
ventable [6]. Avoiding pDDIs can result in substantial relief to healthcare system [8].

Previous studies reported the occurrence of pDDIs in prescriptions in range of 5% to 96%,
irrespective of whether they lead to adverse drug reaction or not [9-11]. Difference in the bur-
den of pDDIs among different studies is due to difference in study design, population
included, the method utilized for the classification of the interactions, definition of pDDIs
used and prescribing practice. Clinical risk factors for pDDIs include polypharmacy (i.e., >
five drugs), older age, hospital admissions, comorbidities and multiple prescribers [12]. In
older patients (i.e., 65 years or above) the risk for pDDIs is reported as 73% higher as com-
pared to young ones [6]. The risk of DDIs also increases with the increase in number of drugs
[13]. The risk of pDDIs increases up to 30% in patients who received five or more drugs and
38% in patients with age greater than 75 years [13].

Chronic diseases (i.e., diabetes, COPD, stroke, and osteoporosis) cause substantial eco-
nomic burden and are major cause of morbidity and mortality [14, 15]. Patents suffering from
chronic diseases experience three times more economic burden than patients suffering from
non-chronic diseases [16-18]. Patients suffering from chronic diseases are at increased risk to
experience pDDIs due to multiple comorbidities, old age, polypharmacy, chronic therapeutic
regimens, multiple outpatient visits, frequent hospital admissions, frequent modification in
therapy, prolonged treatment and multiple prescribers [19]. Moreover, in a lower-middle
income country like Pakistan lack of online drug interaction software in hospital settings to
identify pDDIs, inappropriate prescribing, overburden healthcare system, lack of disease-sur-
veillance system, and absence of clinical pharmacists in most of the settings can add additional
risk for occurrence of pDDIs in chronic disease patients [20-22].

Knowledge about the risk factors of pDDIs can help to design and implement strategies to
reduce the occurrence of pDDIs. In United States of America the economic burden due to
drug related events reduced from US$ 177.4 billion in 2001 to US$ 21 billion in 2014 due to
implementation of effective strategies to avoid pDDIs [4]. Similarly in Europe 40% reduction
in pDDIs is reported due to implementation of effective strategies to report and resolve pDDIs
[23]. Previous studies assessed different risk factors responsible for occurrence of pDDIs, but
they were performed in specific populations, such as hospitalized patients, ICU admitted
patients and patients suffering from specific diseases [2, 24, 25]. Few studies assessed the rela-
tionship between pDDIs and specific factors such as length of stay, mortality rate, patient age,
number of drugs prescribed, multiple physician, review of prescription by a pharmacist or spe-
cialist and cost of hospitalization [12, 26-28]. Moreover, data on pDDIs is mostly available
from hospitalized patients [24, 25]. To the best of our knowledge, no study assessed the inci-
dence and causes of pDDIs in chronic disease (diabetes, COPD, stroke, and osteoporosis)
patients visiting outpatient clinics for regular follow-up. Finding the factors associated with
pDDIs in chronic disease patients can help healthcare professionals and policymakers to
design and implement strategies to prevent pDDIs and improve management. Thus, the
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objective of the present study was to assess the prevalence of pDDIs and risk factors associated
with occurrence of pDDIs in chronic disease patients attending outpatient clinics for regular
check-ups. Patients suffering from diabetes, COPD, stroke and osteoporosis were included in
the study [29].

2. Methodology
2.1. Study design

This study was a cross sectional, observational, prospective study that included 337 patients
from outpatient clinics of orthopedic ward, respiratory ward and cardiac ward of Nishter Hos-
pital Multan, Pakistan. The detailed methodology and inclusion criteria is already published
somewhere else [30]. In brief patients were included in the study if (i) they had confirmed
diagnosis of osteoporosis, diabetes, stroke and COPD (ii) prescription containing at least two
drugs (iii) age > 20 years. To avoid biasness data was collected from every 3rd patient visiting
the outpatient clinic. Data collection was done during December 2017 to August 2018. The
research protocol was approved by the Research and Ethics committee of Faculty of Pharmacy
Bahauddin Zakariya University, Multan Pakistan and the concerned hospital (registration no.
Bzbp-18-4207). Written informed consent was obtained from all participants.

2.2. Data collection

Data collectors (graduating class pharmacy students) were recruited for data collection and
trained by an academic investigator. Data was collected on a self-developed questionnaire. Col-
lected data include patient’s demographic data (i.e., age, sex), socioeconomic status, disease,
diagnosis, medication (i.e., drug names, dosage and frequency of prescribed drugs), self-medi-
cation if any, physician specialization, comorbidities, and number of prescribing physicians
for different diagnosis. The data collection form was completed after physician consultation.

Polypharmacy patient was defined as a patient utilizing > 5 drugs [28]. Overburden was
considered to check 20 or more patients in an hour. Charlson comorbidity index (CCI) was
used to calculate comorbidity burden [31]. The CCI evaluates the comorbidity burden by
weighing and summing the patient reported conditions (e.g. peptic ulcer, dementia, myocar-
dial infarction, peripheral vascular diseas, CHF, diabetes mellitus, chronic kidney disease,
connective tissue disease, hemiplegia, cancer, COPD, lymphoma, leukaemia, AIDS and cere-
brovascular accident). Higher score indicates greater comorbidity burden.

2.3. Potential drug-drug interactions

Drug interaction software; Micromedex™ (Thomson Reuters Healthcare Inc., Greenwood Vil-
lage, Colorado, United States) was used to assess the pDDIs in the prescriptions [32]. For
drugs containing two or more active ingredients, each active ingredient was treated as separate
drug. Each active ingredient was added separately in the software to check the interactions. All
pDDIs were displayed in the output display of the Micromedex™. Micromedex classifies the
interactions as minor interactions (may cause increase in side effects), moderate interactions
(require change in therapy or monitoring), major interactions (may have a risk of any organ
damage) and contraindicated interactions (strictly prohibited and may be life threatening)
[33].

3. Data analysis

Frequencies and percentages were reported for categorical variables and the mean and stan-
dard deviation for continuous variables. Normality of the data was checked using Shapiro-
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Wilk test of normality. Characteristics of patients in different groups stratified according to
presence or absence of pDDIs were compared using independent-samples t-test for continu-
ous variables and Chi-square test for categorical variables. Univariate and multivariate logistic
regression analysis were used to assess the impact of old age, gender, polypharmacy, CCI
score, trainee practitioner, prescription by a specialist, multiple prescribers, involvement of
clinical pharmacist, presence of medical record, use of online softwares and overburden on
occurrence of pDDIs in patients suffering from diabetes, COPD, stroke or osteoporosis. Ini-
tially a univariate analysis was performed and variables with univariate p values <0.02 were
included in multivariate regression model. Odds ratio was used to assess the influence of dif-
ferent risk factors. The Hosmer-Lemeshow test was used to check goodness-of-fit of the
model. A p value of 0.01 or less was considered statistically significant. All analysis were per-
formed using SPSS version 24.0 (IBM SPSS Statistics for Windows, 142 Armonk, NY: IBM
Corporation).

4. Results

Out of 337 patients 40.95% were male with mean age 48.34 (9.4) years. Among the included
patients 34.72% were suffering from Diabetes mellitus, 15.13% were suffering from COPD,
20.18% were suffering from Stroke, 42.73% were suffering from Hypertension and 18.10%
were suffering from Osteoporosis. The average number of medicines per encounter was 5.23
(2.8). More than five drugs were prescribed in almost 73.29% patients. 31.27% of patients had
multiple prescriptions dispensed by more than one department on the same day. When strati-
fied according to presence or absence of potential pDDIs, significant differences were observed
in age, no. of prescribed drugs, polypharmacy (>5 drugs), no. of prescribing physicians, no.

of comorbidities and CCI scores among the patients. The demographic and clinical data of
patients according to presence or absence of pDDIs are shown in Table 1.

Table 1. Demographic and Clinical characteristics of the patients included in the study (N = 337).

Variables All Patients (n = 337) Showing pDDIs (n = 220) No pDDIs (n=117) p value®
Gender, male 138 (40.95%) 107 (48.64%) 31 (26.50%) 0.19
Mean age 48.34 (9.4) 58.82 (10.3) 35.21(9.1) <0.01
Patients age >60 years 131 (38.87%) 95 (43.18%) 36 (30.76%) <0.001
Mean no. of prescribed drugs 5.23(2.8) 7.56 (3.3) 3.14 (2.8) <0.01
Patients prescribed with > 5 drugs 247 (73.29%) 194 (88.18%) 53 (45.29%) <0.01
Mean no. of physicians who prescribed to single patient 1.47 (0.73) 1.98 (1.02) 1.05 (0.68) <0.01
Mean no. of diseases per patient 1.8 (0.81) 2.74(0.91) 1.2 (0.56) <0.01
Mean CCI 1.73 (1.44) 2.65 (1.46) 0.73 (0.34) <0.001
CCI>2 135 (40.06%) 121 (55%) 14 (11.96%) <0.01
Diagnosis °

Diabetes mellitus 117 (34.72%) 89 (40.45%) 28 (23.93%) <0.01
COPD 51 (15.13%) 42 (19.09%) 9 (7.69%) <0.01
Stroke 68 (20.18%) 55 (25%) 13 (11.11%) <0.01
Hypertension 144 (42.73%) 112 (50.91%) 32 (27.35%) 0.18
Osteoporosis 61 (18.10%) 49 (22.27%) 12 (10.26%) 0.02

Results are presented as mean (standard deviation) and number (percentage) unless otherwise stated;

*The difference was assessed among groups stratified according to presence or absence of pDDI; pDDI, Potential drug-drug interaction;

® the sum may be greater than 337 as some patients were suffering from more than one disease; CCI, Charlson comorbidity index; COPD chronic obstructive

pulmonary disease.

https://doi.org/10.1371/journal.pone.0276277.t001
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Table 2. Prevalence of potential drug-drug interactions in chronic disease patients.

Potential Drug-Drug Interactions (pDDIs)

Prescriptions with pDDIs 220 (65.28%)
Prescriptions with 2 pDDIs 164 (74.55%)
Prescriptions with 3 or more pDDIs 56 (25.45%)
Total pDDIs 369

Minor pDDIs 114 (30.89%)
Moderate pDDIs 172 (46.61%)
Severe pDDIs 67 (18.16%)
Contraindicated pDDIs 16 (4.34%)
Mean pDDIs per patient

Overall 1.68 (0.8)
Minor pDDI 0.46 (1.96)
Moderate pDDI 0.67 (2.03)
Severe pDDI 0.19 (0.3)
Contraindicated pDDI 0.07 (.39)

Results are presented as mean (standard deviation) and number (percentage) unless otherwise stated; Overall

prevalence, presence of atleast one pDDI regardless of type and severity.

https://doi.org/10.1371/journal.pone.0276277.1002

A total 220 (65.28%) prescriptions showed pDDIs. The mean number of interactions per
patient was 1.68 (0.8). Among the prescription with pDDIs 164 (74.55%) prescriptions showed
one or two and 56 (25.45%) prescriptions showed three or more than 3 drug-drug interaction
regardless of severity. Among drug-drug interactions 16 (4.34%) were contraindicated, 67
(18.16%) were severe, 172 (46.61%) were moderate, and 114 (30.89%) were minor. Prevalence
of pDDIs in the prescriptions and patients are presented in Table 2.

Independent variables showing significant relationship with pDDIs in univariate analysis
(p<0.01) were added in the multivariable logistics regression. The odd ratios (OR), 95% confi-
dence intervals and p values for the independent variables included in the univariate and mul-
tivariable logistic regression are represented in Table 3. In multivariable logistic regression,

Table 3. Multiple logistic regression analysis for risk factors associated with pDDIs in chronic disease patients.

Univariate logistic regression (N = 220) Multivariable logistic regression (N = 220)
Variables OR 95% CI P value OR 95% CI p value
Gender, male 0.88 0.31-1.23 0.11 0.72 0.52-1.08 0.28
Older age > 60 years 2.17 1.32-3.11 <0.001 1.95 1.44-2.37 <0.001
Polypharmacy (> 5 drugs) 4.94 2.26-6.67 <0.001 3.74 2.32-4.54 <0.001
Overburden * 3.02 1.63-5.76 <0.01 2.23 1.64-3.16 <0.01
CClI score 1.87 1.13-3.07 <0.001 1.28 1.04-1.84 <0.001
multiple prescribers to one patient 1.51 1.27-2.13 <0.001 1.18 1.06-1.41 <0.01
trainee practitioner 1.32 1.09-1.77 <0.01 1.09 1.01-1.28 <0.01
prescription by a specialist 0.88 0.53-0.98 <0.01 0.83 0.55-1.17 0.09
presence of previous medical record 0.73 0.49-0.95 <0.01 0.63 0.37-1.24 0.16
use of online software in prescription generation 0.69 0.51-0.86 <0.01 0.66 0.45-1.22 0.15
review of prescription by clinical pharmacist 0.63 0.34-0.88 <0.01 0.58 0.27-0.89 0.37

OR, odd ratio; p <0.01 was considered statistically significant;

* >20 patients in one hour; CCI, charlson comorbidity index.

https://doi.org/10.1371/journal.pone.0276277.t1003
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greater risk for occurrence of pDDI was associated with older age > 60 years (OR = 1.95, 95%
CI = 1.44-2.37, p<0.001); polypharmacy (> 5 drugs) (OR = 3.74, 95% CI 2.32-4.54, p<0.001);
overburden (OR = 2.23,95% CI = 1.64-3.16, p<0.01); CCI score (OR = 1.28, 95% CI = 1.04-
1.84, p<0.001); multiple prescribers to one patient (OR = 1.18, 95% CI = 1.06-1.41, p<0.01);
and trainee practitioner (OR = 1.09, 95% CI = 1.01-1.28, p<0.01).

The association was not significant with patient’s gender (OR = 0.72, 95% CI = 0.52-1.08,
p = 0.28); presence of previous medical record (OR = 0.63, 95% CI = 0.37-1.24, p = 0.16); use
of online software in prescription generation (OR = 0.66, 95% CI = 0.45-1.22, p = 0.15); pre-
scription by a specialist (OR = 0.83, 95% CI = 0.55-1.17, p = 0.09); and review of prescription
by a clinical pharmacist (OR = 0.58, 95% CI = 0.27-0.89, p = 0.37).

The model explained the variance (accuracy) of 64.73, with Hosmer-Lemeshow tests show-
ing no significant differences (p = 0.914) and Goodness of Fit Model showing significant dif-
ference (p<0.01) between observed and predicted probabilities.

5. Discussion

Drug-drug interactions result in increasing burden on health care system. Chronic disease
patients are at increased risk of occurrence of pDDIs. But its still confusing which factors are
best predictors of pDDIs in chronic disease patients. This study assessed the association of dif-
ferent factors with increased risk of occurrence of pDDIs in chronic disease patients. Older
age, polypharmacy (> 5 drugs), overburden healthcare system, higher comorbidity index,
multiple prescribers to one patient and trainee practitioner were associated with increased risk
of occurrence of pDDIs in chronic disease patients. Our results are in line with the previous
research. In a study from Serbia, Kovacevi¢ et al. assessed the prevalence of pDDIs in hospital
admitted cardiovascular patients. At least one potentially relevant pDDI was identified in
83.9% of patients. Patients with longer hospital stay, polypharmacy and comorbidities were at
increased risk of pDDIs [24]. Roblek et al. assessed the pDDIs in hospitalized chronic heart
failure (CHF) and COPD patients [34]. Patients with CHF showed more pDDIs than patients
with COPD. Patients with concomitant CHF and COPD showed more pDDIs than patients
with any disease alone. They reported that prescriptions given on discharge from hospital con-
tain more pDDIs than prescriptions given during hospital admission. Moreover, the number
of pDDIs increased in patients with concomitant CHF and COPD [34]. Bacic-Vrca et al.
assessed the prevalence of pDDIs in arterial hypertension patients in a community setting
[35]. On average each patient was utilizing five drugs and 83.3% patients reported at least one
potential DDI in their prescription [35]. The difference in prevalence of pDDIs in different
countries, may be due to different DDI data bases, different prescribing practices and study
population.

Age and number of prescribed drugs showed significant association with the increased risk
of pDDIs in chronic disease patients. Previous studies reported substantial burden of pDDIs in
old age patients [19, 36, 37]. Oscar et al reported 82.13% prevalence of pDDIs in old age
patients among which 43.56% were severe in nature [37]. Milosavljevic et al. assessed the prev-
alence of pDDIs in surgical patients. Number of prescribed drugs, comorbidities and number
of physicians who prescribed to one patient were significantly associated with increase in the
risk of pDDISs [25]. Santos-Diaz et al. assessed the prevalence and risk factors for occurrence
of pDDIs in chronic kidney disease (CKD) patients. Age and number of drugs were signifi-
cantly associated with increase in the risk of pDDIs in CKD patients [38]. Lynskey et al. and
Kovacdevi¢ et al. demonstrated that the incidence of pDDIs in all age patients increased with
the addition of every single drug to the prescription. Polypharmacy was considered as utiliza-
tion of 5 or more drugs. Substantial number of patients were prescribed with five or more
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drugs. Our results showed significant association of polypharmacy with pDDIs. This is inline
with the previously published research. Literature review shows that increase in the number of
drugs in a prescription, increases the risk of pDDIs [2, 39]. Weideman et al., reported 66%
increase in the risk of pDDIs in prescriptions with more than five drugs as compared to less
than five drugs [40]. Polypharmacy requires special attention of the healthcare professional.
Drugs with frequent ADRs and narrow therapeutic window should be monitored closely when
in use.

Comorbidities were associated with increased risk of pDDIs due to increase in number of
medications. CCI can assess the comorbidity risk. Comorbidities were weighed on scale to
generate the CCI score. CCI score was associated with the increase in risk of medication errors.
The risk of medication errors increased 1.87 time in patients with CCI score greater than 2 as
compared to patients with CCI score less than 2. Our results are in line the study of Arabyat et.
al, who demonstrated the significant association of higher CCI score and medication error
[41]. In a previous research presence of diabetes and hypertension and COPD were associated
with increase in the risk of pDDIs [25]. Chronic diseases are treated with combination of
drugs, which have a notable potential to interact with other drugs [42]. Most of the interactions
were due to improper implementation of treatment guidelines than irresponsible clinical prac-
tice [34]. Better guideline implementation may result in implementation of most of the inter-
actions. Comorbidities enhance the physician visits of the patients and usage of medicines.
Sometimes, patients need to see multiple physicians at the same time for different diagnosis
[19]. In a country like Pakistan medical records of the patients are not maintained. Absence of
medical records may enhance the risk of pDDIs [19]. Overburden was also associated with the
elevated risk of pDDIs. Overburden results in compromised efficiency of healthcare profes-
sional to identify pDDIs. Optimum workload may have positive effects in avoiding pDDIs.
Previous research showed the positive impact of optimum workload in avoiding pDDIs [43].

Ability to recognize pDDIs is important to reduce the harms associated with pDDIs on
patients and healthcare system [44]. In the presence of hundreds of drugs it is difficult to
remember all the pDDIs [45, 46]. So aiding the prescription process with different means like
online software to check pDDIs, review by a senior physician or clinical pharmacist may help
to reduce the risk of pDDIs [47]. Information technology can be used to learn about pDDIs
and to get access to patient medical records [48]. Research shows that digitalization of health-
care system can reduce the chances of errors. Physicians aided with personal digital assistance
and online system to check pDDIs were less prone to prescribing errors [44, 49]. Another
study showed that the use of online software programs during prescribing process reduced the
chances of pDDIs up to 66% in general practice [50].

Our results showed that specialization in a specific disease reduced the risk of pDDIs. Dis-
ease specialists usually prescribe specific categories of drugs. They are more familiar with the
interactions of these specific drugs. More, frequent prescribing of same drugs reduces the
chances of pDDIs due to enhanced clinical experience. Our findings are in line with the previ-
ous literature. Ko Y et al. demonstrated that clinical experience reduces the chances of pDDIs
[47]. Another study demonstrated that prescriptions from general practitioners were more
prone to medication errors than prescriptions from disease specialists [51]. Clinical training of
junior medical staff and feedback control of prescribing by therapeutic committee may also
reduce the chances of pDDIs [52]. Moreover, implementation of approved disease guidelines
may also reduce the risk of pDDIs [45, 52].

The review of prescription by a clinical pharmacist also showed no significant association
with the occurrence of pDDIs. In addition to online software programs, pharmacists are
considered as most widely used information source to identify pDDIs [47]. Zaal et al. in a lon-
gitudinal prospective study, reported that review of the prescription by a clinical pharmacist
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effectively reduced pDDI by identifying interactions which were not detected during routine
clinical practice [53]. The importance of clinical pharmacist in healthcare system is well recog-
nized but unfortunately in Pakistan the role of clinical pharmacist is not well-established. In
Germany, implementation of pharmaceutical care services in cardiology departments resulted
in reduced drug related events, less readmission and improved management [54]. Literature
shows that the involvement of clinical pharmacist in healthcare system reduced the risk of
pDDIs, increased adherence to therapy and support physician to manage adverse drug events
due to pDDIs [53, 55].

This study was conducted in specific population (chronic disease patients), so its results
should be generalized with caution. But it can be assumed that the results found in this study
can be generalized to chronic disease patients. Another limitation of the study is only pDDIs
were studied. Patients were not followed-up to assess the rate of adverse drug events due to
pDDIs. Most of the minor and moderate pDDIs can be managed with increasing the duration
of interval between administrations of drug or adjusting dose [24]. So it was not clear how
many pDDI exactly lead to adverse drug events.

6. Conclusion

Chronic disease patients are at increased risk of occurrence of pDDIs. The mean number of
interactions per patient was 1.68. Among drug-drug interactions 4.37% were contraindicated,
18.16% were severe, 46.61% were moderate, and 30.89% were minor. Old age, no. of drugs pre-
scribed, overburden healthcare system, higher comorbidity index, multiple prescribers to one
patient and trainee practitioner were associated with increased risk of occurrence of pDDIs in
chronic disease patients. Whereas, gender, presence of previous medical record, use of online
software in prescription generation, prescription by a specialist and review of prescription by a
clinical pharmacist showed no significant association with occurrence of pDDIs in chronic dis-
ease patients. Most of the pDDIs are preventable. Ability to recognize pDDIs is important to
reduce the harms associated with pDDIs on patients and healthcare system. So aiding the pre-
scription process with different means like online software to check pDDIs, review by a senior
physician or clinical pharmacist may help to reduce the risk of pDDIs.

Acknowledgments

The authors are very grateful to the staff and patients of respiratory ward, cardiac ward and
orthopedic ward of Nishter Hospital Multan, Pakistan, who supported us during the whole
research period. The authors are also thankful to Dr. Imran Imran, Chairman Department of
Pharmacology, Bahauddin Zakariya University Multan for providing necessary support to
complete the project.

Author Contributions

Conceptualization: Muhammad Fawad Rasool, Anees ur Rehman, Rabia Hussain.
Formal analysis: Irfanullah Khan, Waseem Ashraf.

Investigation: Waseem Ashraf, Abdul Majeed.

Methodology: Anees ur Rehman, Sadia Shakeel, Iltaf Hussain.

Project administration: Anees ur Rehman, Shahid Shah, Iltaf Hussain.
Validation: Anees ur Rehman, Khezar Hayat.

Writing - original draft: Anees ur Rehman.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276277 January 24, 2023 8/11


https://doi.org/10.1371/journal.pone.0276277

PLOS ONE Risk factors associated with potential drug-drug interactions among patients suffering from chronic disorders

Writing - review & editing: Muhammad Fawad Rasool, Muhammad Latif, Imran Ahmad,

Muhammad Sadiq.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Helms RA, Quan DJ: Textbook of therapeutics: drug and disease management. Lippincott Williams &
Wilkins; 2006.

Jankovi¢ SM, Pejci¢ AV, Milosavljevi¢ MN, Opancina VD, Pesi¢ NV, Nedeljkovi¢ TT, Babi¢ GM: Risk
factors for potential drug-drug interactions in intensive care unit patients. Journal of critical care 2018,
43:1-6. https://doi.org/10.1016/j.jcrc.2017.08.021 PMID: 28822348

National Coordinating Council for Medication Error Reporting and Prevention

Da Silva BA, Krishnamurthy M: The alarming reality of medication error: a patient case and review of
Pennsylvania and National data. Journal of community hospital internal medicine perspectives 2016,
6:31758. https://doi.org/10.3402/jchimp.v6.31758 PMID: 27609720

Al Hamid A, Ghaleb M, Aljadhey H, Aslanpour Z: A systematic review of hospitalization resulting from
medicine-related problems in adult patients. British journal of clinical pharmacology 2014, 78:202-217.
https://doi.org/10.1111/bcp.12293 PMID: 24283967

Alhawassi TM, Krass |, 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. Clinical interventions in aging 2014,
9:2079. https://doi.org/10.2147/CIA.S71178 PMID: 25489239

Moura CS, Acurcio FA, Belo NO: Drug-drug interactions associated with length of stay and cost of hos-
pitalization. Journal of Pharmacy & Pharmaceutical Sciences 2009, 12:266—272. https://doi.org/10.
18433/j35¢7z PMID: 20067703

Au Rehman, Muhammad SA, Tasleem Z, Alsaedi A, Dar M, Igbal MO, Rasool MF, Shah S, Abbas G,
Shakeel S, Hayat K: Humanistic and socioeconomic burden of COPD patients and their caregivers in
Malaysia. Scientific Reports 2021, 11:22598. https://doi.org/10.1038/s41598-021-01551-5 PMID:
34799609

Andersson ML, Béttiger Y, Kockum H, Eiermann BJB, Pharmacology C, Toxicology: High prevalence of
drug—drug interactions in primary health care is caused by prescriptions from other healthcare units.
2018, 122:512-516.

Ismail M, Noor S, Harram U, Hagq |, Haider I, Khadim F, Khan Q, Ali Z, Muhammad T, Asif MJBhsr:
Potential drug-drug interactions in outpatient department of a tertiary care hospital in Pakistan: a cross-
sectional study. 2018, 18:1-7.

Nusair MB, Al-Azzam SI, Arabyat RM, Amawi HA, Alzoubi KH, Rabah AAJSPJ: The prevalence and
severity of potential drug-drug interactions among adult polypharmacy patients at outpatient clinics in
Jordan. 2020, 28:155-160.

Bjerrum L, Gonzalez Lopez-Valcarcel B, Petersen G: Risk factors for potential drug interactions in gen-
eral practice. The European journal of general practice 2008, 14:23-29. https://doi.org/10.1080/
13814780701815116 PMID: 18464169

Avery AA, Barber N, Ghaleb M, Dean Franklin B, Armstrong S, Crowe S, Dhillon S, Freyer A, Howard
R, Pezzolesi C: Investigating the prevalence and causes of prescribing errors in general practice: the
PRACtICe study. 2012.

Anees Ur R, Ahmad Hassali MA, Muhammad SA, Shah S, Abbas S, Hyder Ali IAB, Salman A: The eco-
nomic burden of chronic obstructive pulmonary disease (COPD) in the USA, Europe, and Asia: results
from a systematic review of the literature. Expert Rev Pharmacoecon Outcomes Res 2020, 20:661—
672. https://doi.org/10.1080/14737167.2020.1678385 PMID: 31596632

Au Rehman, Hassali MAA, Muhammad SA, Harun SN, Shah S, Abbas S: The economic burden of
chronic obstructive pulmonary disease (COPD) in Europe: results from a systematic review of the litera-
ture. The European Journal of Health Economics 2020, 21:181-194. https://doi.org/10.1007/s10198-
019-01119-1 PMID: 31564007

Shah S, Abbas G, Hanif M, Anees-Ur-Rehman, Zaman M, Riaz N, Altaf A, Hassan SU, Saleem U, Shah
A: Increased burden of disease and role of health economics: Asia-pacific region. Expert review of phar-
macoeconomics & outcomes research2019, 19:517-528.

Shah S, Abbas G, Riaz N, ur Rehman A, Hanif M, Rasool MF: Burden of communicable diseases and
cost of illness: Asia pacific region. Expert Review of Pharmacoeconomics & Outcomes Research 2020.

ur Rehman A, Hassali MAA, Muhammad SA, Shakeel S, Chin OS, Ali IABH, Muneswarao J, Hussain R:
Economic burden of chronic obstructive pulmonary disease patients in Malaysia: A longitudinal study.
PharmacoEconomics-Open 2020:1-10.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276277 January 24, 2023 9/11


https://doi.org/10.1016/j.jcrc.2017.08.021
http://www.ncbi.nlm.nih.gov/pubmed/28822348
https://doi.org/10.3402/jchimp.v6.31758
http://www.ncbi.nlm.nih.gov/pubmed/27609720
https://doi.org/10.1111/bcp.12293
http://www.ncbi.nlm.nih.gov/pubmed/24283967
https://doi.org/10.2147/CIA.S71178
http://www.ncbi.nlm.nih.gov/pubmed/25489239
https://doi.org/10.18433/j35c7z
https://doi.org/10.18433/j35c7z
http://www.ncbi.nlm.nih.gov/pubmed/20067703
https://doi.org/10.1038/s41598-021-01551-5
http://www.ncbi.nlm.nih.gov/pubmed/34799609
https://doi.org/10.1080/13814780701815116
https://doi.org/10.1080/13814780701815116
http://www.ncbi.nlm.nih.gov/pubmed/18464169
https://doi.org/10.1080/14737167.2020.1678385
http://www.ncbi.nlm.nih.gov/pubmed/31596632
https://doi.org/10.1007/s10198-019-01119-1
https://doi.org/10.1007/s10198-019-01119-1
http://www.ncbi.nlm.nih.gov/pubmed/31564007
https://doi.org/10.1371/journal.pone.0276277

PLOS ONE Risk factors associated with potential drug-drug interactions among patients suffering from chronic disorders

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

Busa G, Burlina A, Damuzzo V, Chiumente M, Palozzo AC: Comorbidity, polytherapy, and drug interac-
tions in a neurological context: an example of a multidisciplinary approach to promote the rational use of
drugs. Journal of pharmacy practice 2018, 31:58-65. https://doi.org/10.1177/0897190017699138
PMID: 29278992

Ismail M, Igbal Z, Khattak MB, Khan M, Arsalan H, Javaid A, Gul Q, Khan F: Potential drug—drug inter-
actions in internal medicine wards in hospital setting in Pakistan. International journal of clinical phar-
macy 2013, 35:455—-462. https://doi.org/10.1007/s11096-013-9764-1 PMID: 23483444

Shakeel S, Iffat W, Qamar A, Rehman H, Ghuman F, Butt F, ur Rehman A, Madléna M, Paulik E, Gaj-
dacs MJIJoER, Health P: Healthcare Professionals’ Compliance with the Standard Management Guide-
lines towards the Use of Biological Disease-Modifying Anti-Rheumatic Drugs in Rheumatoid Arthritis
Patients. 2022, 19:4699.

Hussain R, Akram T, Hassali MA, Muneswarao J, Rehman Au, Hashmi F, Babar Z-U-DJPo: Barriers
and facilitators to pharmacovigilance activities in Pakistan: A healthcare professionals-based survey.
2022, 17:e0271587.

Lynskey D, Haigh S, Patel N, Macadam A: Medication errors in community pharmacy: an investigation
into the types and potential causes. International Journal of Pharmacy Practice 2007, 15:105-112.

Kovacevi¢ M, Vezmar Kovacevi¢ S, Miljkovi¢ B, Radovanovi¢ S, Stevanovi¢ P: The prevalence and pre-
ventability of potentially relevant drug-drug interactions in patients admitted for cardiovascular diseases:
A cross-sectional study. International Journal of Clinical Practice 2017, 71:e13005. https://doi.org/10.
1111/ijcp.13005 PMID: 28869702

Milosavljevic MN, Ko€ovic AG, Jankovic SM, Radovanovic DM, Milisavljevic SS, Stefanovic SM: Risk
Factors for the Occurrence of Potential Drug-drug Interactions in Surgical Patients. Serbian Journal of
Experimental and Clinical Research2019, 1.

Haider S, Johnell K, Thorslund M, Fastbom J: Trends in polypharmacy and potential drug-drug interac-
tions across educational groups in elderly patients in Sweden for the period 1992-2002. International
journal of clinical pharmacology and therapeutics 2007, 45:643—-653. https://doi.org/10.5414/cpp45643
PMID: 18184532

Cruciol-Souza JM, Thomson JC: Prevalence of potential drug-drug interactions and its associated fac-
tors in a Brazilian teaching hospital. J Pharm Pharm Sci2006, 9:427—-433. PMID: 17207423

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. British journal of
clinical pharmacology 2015, 80:808—817. https://doi.org/10.1111/bcp.12600 PMID: 25677107

World Health Organization, Chronic diseases and health promotion [https://www.who.int/chp/chronic_
disease_report/en/]

Rasool MF, Rehman AU, Imran |, Abbas S, Shah S, Abbas G, Khan |, Shakeel S, Ahmad Hassali MA,
Hayat KJFiph: Risk factors associated with medication errors among patients suffering from chronic dis-
orders. 2020, 8:531038.

Charlson M, Szatrowski TP, Peterson J, Gold J: Validation of a combined comorbidity index. Journal of
clinical epidemiology 1994, 47:1245—-1251. https://doi.org/10.1016/0895-4356(94)90129-5 PMID:
7722560

Micromedex® [https://www.micromedexsolutions.com/]

Morimoto T, Gandhi T, Seger A, Hsieh T, Bates D: Adverse drug events and medication errors: detec-
tion and classification methods. BMJ Quality & Safety 2004, 13:306-314. https://doi.org/10.1136/ghc.
13.4.306 PMID: 15289635

Roblek T, Trobec K, Mrhar A, Lainscak M: Potential drug-drug interactions in hospitalized patients with
chronic heart failure and chronic obstructive pulmonary disease. Archives of medical science: AMS
2014, 10:920. https://doi.org/10.5114/aoms.2014.46212 PMID: 25395943

Bacic-Vrca V, Marusic S, Erdeljic V, Falamic S, Gojo-Tomic N, Rahelic D: The incidence of potential
drug—drug interactions in elderly patients with arterial hypertension. Pharmacy world & science 2010,
32:815-821. https://doi.org/10.1007/s11096-010-9442-5 PMID: 20922479

Janchawee B, Wongpoowarak W, Owatranporn T, Chongsuvivatwong V: Pharmacoepidemiologic
study of potential drug interactions in outpatients of a university hospital in Thailand. Journal of clinical
pharmacy and therapeutics 2005, 30:13-20. https://doi.org/10.1111/j.1365-2710.2004.00598.x PMID:
15659000

Rosas-Carrasco O, Garcia-Pefia C, Sanchez-Garcia S, Vargas-Alarcén G, Gutiérrez-Robledo LM, Jua-
rez-Cedillo T: The relationship between potential drug-drug interactions and mortality rate of elderly
hospitalized patients. Revista de Investigacion Clinica2011, 63:564-573. PMID: 23650669

Santos-Diaz G, Pérez-Pico AM, Sudrez-Santisteban MA, Garcia-Bernalt V, Mayordomo R, Dorado P:
Prevalence of Potential Drug—Drug Interaction Risk among Chronic Kidney Disease Patients in a

PLOS ONE | https://doi.org/10.1371/journal.pone.0276277 January 24, 2023 10/11


https://doi.org/10.1177/0897190017699138
http://www.ncbi.nlm.nih.gov/pubmed/29278992
https://doi.org/10.1007/s11096-013-9764-1
http://www.ncbi.nlm.nih.gov/pubmed/23483444
https://doi.org/10.1111/ijcp.13005
https://doi.org/10.1111/ijcp.13005
http://www.ncbi.nlm.nih.gov/pubmed/28869702
https://doi.org/10.5414/cpp45643
http://www.ncbi.nlm.nih.gov/pubmed/18184532
http://www.ncbi.nlm.nih.gov/pubmed/17207423
https://doi.org/10.1111/bcp.12600
http://www.ncbi.nlm.nih.gov/pubmed/25677107
https://www.who.int/chp/chronic_disease_report/en/
https://www.who.int/chp/chronic_disease_report/en/
https://doi.org/10.1016/0895-4356%2894%2990129-5
http://www.ncbi.nlm.nih.gov/pubmed/7722560
https://www.micromedexsolutions.com/
https://doi.org/10.1136/qhc.13.4.306
https://doi.org/10.1136/qhc.13.4.306
http://www.ncbi.nlm.nih.gov/pubmed/15289635
https://doi.org/10.5114/aoms.2014.46212
http://www.ncbi.nlm.nih.gov/pubmed/25395943
https://doi.org/10.1007/s11096-010-9442-5
http://www.ncbi.nlm.nih.gov/pubmed/20922479
https://doi.org/10.1111/j.1365-2710.2004.00598.x
http://www.ncbi.nlm.nih.gov/pubmed/15659000
http://www.ncbi.nlm.nih.gov/pubmed/23650669
https://doi.org/10.1371/journal.pone.0276277

PLOS ONE Risk factors associated with potential drug-drug interactions among patients suffering from chronic disorders

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

55.

Spanish Hospital. Pharmaceutics 2020, 12:713. https://doi.org/10.3390/pharmaceutics 12080713
PMID: 32751436

Lim LM, McStea M, Chung WW, Azmi NN, Aziz SAA, Alwi S, Kamarulzaman A, Kamaruzzaman SB,
Chua SS, Rajasuriar R: Prevalence, risk factors and health outcomes associated with polypharmacy
among urban community-dwelling older adults in multi-ethnic Malaysia. PLoS One 2017, 12:e0173466.
https://doi.org/10.1371/journal.pone.0173466 PMID: 28273128

Weideman RA, Bernstein IH, McKinney WP: Pharmacist recognition of potential drug interactions.
American Journal of Health-System Pharmacy 1999, 56:1524—1529. https://doi.org/10.1093/ajhp/56.
15.1524 PMID: 10478990

Arabyat RM, Alazzam OM, Al-Azzam S|, Nusair MBJIJoPP: Association between Charlson Comorbidity
Index and polypharmacy: a retrospective database study from Jordan. 2021, 29:580-586.

Straubhaar B, Krahenbiihl S, Schlienger RG: The prevalence of potential drug-drug interactions in
patients with heart failure at hospital discharge. Drug safety 2006, 29:79-90. https://doi.org/10.2165/
00002018-200629010-00006 PMID: 16454536

Hussain R, Hassali MA, ur Rehman A, Muneswarao J, Hashmi FJljoer, health p: Physicians’ under-
standing and practices of Pharmacovigilance: qualitative experience from A lower middle-income coun-
try. 2020, 17:2209.

Hussain R, Hassali MA, Muneswarao J, Atif M, Babar Z-U-D: A Qualitative Evaluation of Adverse Drug
Reaction Reporting System in Pakistan: Findings from the Nurses’ Perspective. International journal of
environmental research and public health 2020, 17:3039. https://doi.org/10.3390/ijerph17093039
PMID: 32349339

ur Rehman A, Hassali MAA, Abbas S, Ali IABH, Harun SN, Muneswarao J, Hussain R: Pharmacological
and non-pharmacological management of COPD; limitations and future prospects: a review of current
literature. Journal of Public Health 2019:1-10.

Shah S, Abbas G, Rehman AU, Chauhdary Z, Javed S, Aslam A, Shah MA, Rashid Khan M, Kazmi A,
Noureen S: Exploring the Knowledge and Self-Prescription with Antibiotics in Punjab, Pakistan. LATIN
AMERICAN JOURNAL OF PHARMACY 2020, 39:869-873.

Ko Y, Malone DC, D’Agostino JV, Skrepnek GH, Armstrong EP, Brown M, Woosley RL: Potential deter-
minants of prescribers’ drug-drug interaction knowledge. Research in Social and Administrative Phar-
macy 2008, 4:355-366. https://doi.org/10.1016/j.sapharm.2007.10.004 PMID: 19064242

ur Rehman A, Naeem F, Abbas S, Ashfaq F, Hassali MAA: Utilization of short message service (SMS)
in non-pharmacological management of hypertension. A pilot study in an URBAN public hospital of Mul-
tan, Pakistan. Journal of Public Health 2019, 27:561-567.

Roblek T, Vaupotic T, Mrhar A, Lainscak M: Drug-drug interaction software in clinical practice: a sys-
tematic review. European journal of clinical pharmacology 2015, 71:131-142. https://doi.org/10.1007/
s00228-014-1786-7 PMID: 25529225

Lainer M, Mann E, Sénnichsen A: Information technology interventions to improve medication safety in
primary care: a systematic review. International journal for quality in health care 2013, 25:590-598.
https://doi.org/10.1093/intghc/mzt043 PMID: 23771745

Lowe CJ, Raynor DK, Purvis J, Farrin A, Hudson J: Effects of a medicine review and education pro-
gramme for older people in general practice. British journal of clinical pharmacology 2000, 50:172-175.
https://doi.org/10.1046/j.1365-2125.2000.00247.x PMID: 10930970

Scheife RT, Hines LE, Boyce RD, Chung SP, Momper JD, Sommer CD, Abernethy DR, Horn JR, Sklar
SJ, Wong SK: Consensus recommendations for systematic evaluation of drug—drug interaction evi-
dence for clinical decision support. Drug safety 2015, 38:197—206. https://doi.org/10.1007/s40264-
014-0262-8 PMID: 25556085

Zaal RJ, Jansen MM, Duisenberg-van Essenberg M, Tijssen CC, Roukema JA, van den Bemt PM:
Identification of drug-related problems by a clinical pharmacist in addition to computerized alerts. Inter-
national journal of clinical pharmacy 2013, 35:753-762. https://doi.org/10.1007/s11096-013-9798-4
PMID: 23715760

Lenssen R, Heidenreich A, Schulz JB, Trautwein C, Fitzner C, Jaehde U, Eisert A: Analysis of drug-
related problems in three departments of a German University hospital. International journal of clinical
pharmacy 2016, 38:119-126. https://doi.org/10.1007/s11096-015-0213-1 PMID: 26511945

Hasan SS, Lim KN, Anwar M, Belagodu Sridhar S, Ahmadi K, Yuan AWL, Mokhtar Ahmad K: Impact of
pharmacists’ intervention on identification and management of drug-drug interactions in an intensive
care setting. Singapore medical journal 2012, 53:526-531. PMID: 22941130

PLOS ONE | https://doi.org/10.1371/journal.pone.0276277 January 24, 2023 11/11


https://doi.org/10.3390/pharmaceutics12080713
http://www.ncbi.nlm.nih.gov/pubmed/32751436
https://doi.org/10.1371/journal.pone.0173466
http://www.ncbi.nlm.nih.gov/pubmed/28273128
https://doi.org/10.1093/ajhp/56.15.1524
https://doi.org/10.1093/ajhp/56.15.1524
http://www.ncbi.nlm.nih.gov/pubmed/10478990
https://doi.org/10.2165/00002018-200629010-00006
https://doi.org/10.2165/00002018-200629010-00006
http://www.ncbi.nlm.nih.gov/pubmed/16454536
https://doi.org/10.3390/ijerph17093039
http://www.ncbi.nlm.nih.gov/pubmed/32349339
https://doi.org/10.1016/j.sapharm.2007.10.004
http://www.ncbi.nlm.nih.gov/pubmed/19064242
https://doi.org/10.1007/s00228-014-1786-7
https://doi.org/10.1007/s00228-014-1786-7
http://www.ncbi.nlm.nih.gov/pubmed/25529225
https://doi.org/10.1093/intqhc/mzt043
http://www.ncbi.nlm.nih.gov/pubmed/23771745
https://doi.org/10.1046/j.1365-2125.2000.00247.x
http://www.ncbi.nlm.nih.gov/pubmed/10930970
https://doi.org/10.1007/s40264-014-0262-8
https://doi.org/10.1007/s40264-014-0262-8
http://www.ncbi.nlm.nih.gov/pubmed/25556085
https://doi.org/10.1007/s11096-013-9798-4
http://www.ncbi.nlm.nih.gov/pubmed/23715760
https://doi.org/10.1007/s11096-015-0213-1
http://www.ncbi.nlm.nih.gov/pubmed/26511945
http://www.ncbi.nlm.nih.gov/pubmed/22941130
https://doi.org/10.1371/journal.pone.0276277

