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Abstract: Drug-related hospitalizations pose a  significant burden to the health-care system. The aim 
was to investigate the prevalence of drug-related problems (DRPs) and their association with hospital 
admissions in five internal medicine wards. The study included patients admitted to the nephrology, 
cardiology, gastroenterology, endocrinology, and geriatric wards. The Pharmaceutical Care Network 
Europe classification V9.1 was used for identifying DRPs. In total, 535 patients participated in the study. 
We identified 954 DRPs (range 1-7) in 80.7% of patients. Most DRPs were identified on the endocrinology, 
cardiology, and geriatric wards, and they were associated with the efficacy of treatment (71.4%), adverse 
drug events (10.2%), and unnecessary drug treatment (18.4%). DRPs were associated with the cause of 
hospitalization in 74.4% of patients on the nephrology ward, 60.1% and 60.6% of patients on the cardiology 
and endocrinology wards, respectively, whereas this number was lower on the geriatric and gastroenterology 
wards (26.9% and 8.9%, respectively). Suboptimal drug treatment due to medication omissions was often 
associated with the potential cause of hospital admission. Focusing on patients with specific diseases and 
DRPs, rather than reducing the number of medications in primary care, may be potentially rational in an 
attempt to reduce drug-related hospitalizations.
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A drug-related problem (DRP) is, by definition, 
an event or circumstance that actually or potentially 
interferes with desired health outcomes [1]. DRPs 
can be classified in several ways, but they are usu-
ally related to efficacy and/or safety of treatment [2]. 
Lack of treatment efficacy can occur for many rea-
sons. A symptom or illness may not be treated at all, 
or the treatment may be inappropriate because of the 
patients’ individual characteristics, such as older age 
or compromised renal/hepatic function, for example 
[3, 4]. Also, the treatment may be suboptimal if some 
medications that could be beneficiary to the patient 
are missing [5]. Treatment safety is usually associ-
ated with the (possible) occurrence of adverse drug 

events, defined as unfavorable medical events relat-
ed to drug therapy or adverse drug reactions (ADRs) 
defined as “any response to a drug which is noxious 
and unintended, and which occurs at doses normally 
used in man for prophylaxis, diagnosis, or therapy 
of disease, or for the modification of physiological 
function.” [6-8]. Another DRP that requires attention 
is the presence of medicines that may be unneces-
sary, which increases the cost-burden of the patient 
or/and the health-care system but also increases the 
risk of ADRs [8].

The relationship between DRPs, which occur 
in the primary care setting and hospitalizations, 
has been studied in various patient populations 
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[8-12]. The prevalence of drug-related admissions 
to hospital ranged between 10-30% and was influ-
enced by age and type of morbidity of the patient 
[13, 14]. Drug-related hospitalizations pose a  sig-
nificant burden in terms of costs to the health-care 
system, and studies revealed that costs associated 
with drug-related morbidity and mortality are in-
creasing rapidly [15-17]. However, these costs may 
be underestimated because most studies that inves-
tigated drug-related hospitalizations were limited to 
exploring the relationship of ADRs and hospital ad-
missions, whereas only a small number of authors 
broadened the analysis by including DRPs related 
to treatment efficacy and overprescribing [8, 9]. 
Studies show that > 70% of drug-related hospitaliza-
tions may be preventable, but first DRPs associated 
with hospital admissions have to be accurately char-
acterized [8]. The aim of this study was to investi-
gate the prevalence of DRPs and their association 
with hospital admissions on five internal medicine 
wards. The findings of our study will help to iden-
tify the gaps of prescribing medicines to patients at 
risk for hospitalization.

EXPERIMENTAL

All patients admitted to the nephrology, car-
diology, gastroenterology, endocrinology, and ge-
riatric wards of the University Clinical Hospital 
Center “Zvezdara” during 2019  were included in 
the study. The Ethics Committee of the Clinical 
Hospital Center “Zvezdara”, a  tertiary care cen-
ter, approved the research (No. IRB00009457  on 
April 7th, 2016).

On hospital admission, two clinical pharmacists 
performed a medication review of all the patients, 
which consisted of  analyses of the patients’ medical 
reports and the complete list of prescribed medicines 
prior to hospitalization. We used the Medication 
Appropriateness Index (MAI) for the evaluation of 
the benefits and risks of each prescribed medicine 
[18]. Moreover, the European treatment guidelines 
for each disease, classified by using the International 
Classification of Diseases-10th Revision (ICD-10) 
[19], were used to establish the appropriateness of 
treatment.

For the identification of DRPs we used the 
PCNE classification for DRPs V9.1 [1], which con-
sists of three primary problem domains: treatment 
effectiveness, treatment safety, and other. Treatment 
effectiveness was further classified as: no effect of 
drug treatment despite correct use (P1.1), effect of 
drug treatment not optimal (P1.2), and untreated 
symptom or indication (P1.3). Treatment safety was 

an issue if an adverse drug event (possibly) occurred 
(P2.1). Other DRPs included unnecessary drug-treat-
ment (P3.1).

Following the identification of DRPs, we cat-
egorized the cause of hospital admission as possibly 
related or not related with the previous treatment. 
For example, if a patient with a history of myocar-
dial infarction was admitted to the hospital because 
of reinfarction, the absence of antithrombotic medi-
cines, beta-blockers, and/or statins in the previous 
treatment could have been associated with the out-
come. Moreover, if a patient was admitted because 
of worsening of heart failure, but previous treat-
ment lacked inhibitors of the angiotensin-convert-
ing enzyme (ACEI) or beta-blockers, this was also 
categorized as a possible relationship. On the other 
hand, if the aforementioned patients were admitted 
to the hospital but the previous treatment was in ac-
cordance with the guideline recommendations then, 
the cause of hospitalization was not associated with 
DRPs. Moreover, some patients were admitted to the 
hospital because of acute infections, diagnostic pro-
cedures, etc., which was clearly unrelated to their 
previous treatment. The decision to categorize the 
cause of hospital admission as possibly related or 
not related to the previous treatment was made af-
ter a discussion and consensus between the clinical 
pharmacists performing the review and the medical 
doctors attending the patient on the ward. We used 
PASW software, version 18.0 (SPSS Inc., Chicago, 
Illinois) for statistical analysis. Continuous variables 
in the text and tables are expressed as the median 
and standard deviation (SD) with a range, whereas 
categorical data is shown in absolute numbers and 
percentages. The non-parametric Kruskal-Wallis 
and the Mann-Whitney U tests were used to com-
pare the number of DRPs among and between the 
wards. Chi-square or Fisher’s exact test for inde-
pendence was used to associate demographic and 
clinical variables with DRPs. Binary logistic regres-
sion was used to investigate the variables associated 
with the cause of hospital admission (crude odds 
ratios). Independent variables that showed statisti-
cally significant association with hospitalization in 
the univariate analysis were entered into the next 
step. A  multivariate logistic regression (method 
enter) was applied to evaluate the association be-
tween the variables and the cause of hospitaliza-
tion when adjusted for potential confounders (such 
as the total number of DRPs, number of diagnoses, 
or the total number of drugs). Results are presented 
as odds ratio (OR) and their 95% confidence inter-
vals (CI). P-value of < 0.05 was considered statisti-
cally significant.
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Table 1. Demographic characteristics and comorbidities of the patients (N = 535).

Characteristic Value

Age, years, median (range) 70 (20-95)

Sex: male, number (%) 294 (55.0)

The number of medications on admission per patient, mean (SD) (range) 5.0 (3.4) (0-18)

The number of comorbidities per patient, mean (SD) (range) 4.0 (2.1) (1-13)

Most prevalent conditions for hospital admission, number (%)

Acute ischemic disease 89 (16.6)

Worsening of diabetes 84 (15.7)

Worsening of renal function 55 (10.3)

Worsening of heart failure 37 (6.9)

Infection 28 (5.2)

Bleeding 19 (3.6)

Angina pectoris (stable) 17 (3.2)

Carcinoma 17 (3.2)

Pain 15 (2.8)

Most prevalent comorbidities, number (%)

Arterial hypertension 308 (57.6)

Diabetes mellitus 203 (37.9)

Angina pectoris 162 (30.3)

Myocardial infarction (history or acute) 152 (28.4)

Renal failure 105 (19.6)

Atrial fibrillation 82 (15.3)

Heart failure 79 (14.8)

Asthma/COPD 71 (13.3)

Anemia 64 (12.0)

Dyslipidemia 53 (9.9)

BPH 39 (7.3)

Crohn’s disease 34 (6.4)

Hypothyroidism 32 (6.0)

Dyspepsia 31 (5.8)

Gout 27 (5.0)

BPH – benign prostatic hyperplasia; COPD – chronic obstructive pulmonary disease; SD - standard deviation.

RESULTS

A medication review at hospital admission was 
performed for 535 patients of whom 55.0% were male 
and the median age was 70 years. The demograph-
ic and clinical characteristics of the cohort are pre-
sented in Table 1.

We identified 954 DRPs (median 2.00 (1.41), 
range 1-7) in 80.7% of patients. There was a signifi-
cant difference in the number of identified DRPs 
among the wards. Patients on the gastroenterology 
ward were associated with significantly lower me-
dian number of DRPs prior to admission compared 

with the other wards (p ˂ 0.001). Moreover, the num-
ber of DRPs was significantly lower on the nephrol-
ogy ward compared with endocrinology and geriat-
rics (p ˂ 0.05). In contrast, there was no statistical 
difference in the number of DRPs among the en-
docrinology, cardiology, and geriatric wards. Most 
DRPs were associated with the efficacy of treatment 
(71.4%), adverse drug events accounted for 10.2% 
DRPs, and 18.4% unnecessary drug treatment. DRPs 
and their distribution among the wards are present-
ed in Table 2.

The lack of efficacy of treatment could most-
ly be associated with the absence of necessary 
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medication. We identified 630 missing medicines 
such as statins, ACEI, beta-blockers, aspirin, and 
others (see Figure 1). In contrast, 233 prescribed 
medicines could be omitted or substituted with 
more appropriate medicines.

Patients with diabetes could be associated 
with the lack of: a statin in the presence of dys-
lipidemia or age > 40 years (42.9%), an ACEI in 
the presence of hypertension or increased albu-
min/creatinine ratio (34.5%), and an antidiabetic 
drug (17.7%). In patients with a history of myo-
cardial infarction, we observed the absence of 
statins (37.5%), beta blockers (32.2%), and anti-
thrombotic agents (19.1%). In contrast, in patients 
with renal failure we observed more medica-
tions that could have been omitted such as: ben-
zodiazepines (10.5%), trimetazidine (7.6%), and 
NSAIDs (3.8%).

DRPs on hospital admission could be asso-
ciated with the cause of hospitalization in almost 
half (45.2%) of the patients included in the study. 
Nevertheless, we observed variability among the 
wards. On the nephrology ward, 74.4% of patients 
had a DRP that was characterized as a possible 
cause of the hospitalization. Similarly, 60.1% and 
60.6% of patients may have been hospitalized be-
cause of DRPs on the cardiology and endocrinol-
ogy wards, respectively. Whereas, this number 
was lower on the geriatric and gastroenterology 
wards (26.9% and 8.9%, respectively).

Acute ischemic heart disease was the most 
prevalent (89 patients) cause of admission to the 
hospital, and the majority of patients (66.3%) 
were not treated adequately prior to the attack. 
Poor control or worsening of diabetes was the 
cause of hospital admission of 84 patients and 
suboptimal treatment of the disease prior to hos-
pitalization was observed in 72.6% of patients. 
Worsening of renal failure, heart failure, or an-
gina pectoris were associated with DRPs prior 
to admission in 80%, 76%, and 65% of patients, 
respectively. In contrast, infection, bleeding, car-
cinoma, and pain were causes of hospitalization 
not frequently (5-31%) associated with DRPs pri-
or to admission.

The cause of hospital admission may be as-
sociated with several patient characteristics as 
shown in Table 3. However, predictors of hos-
pitalization were the ward of admission, subop-
timal effect of drug treatment, and the presence 
of diabetes, history of myocardial infarction and 
renal failure prior to admission. The number of 
diagnoses showed a positive association with hos-
pitalization (OR above 1); however, when entered Ta
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along with other clinical and therapy variables, the 
adjusted odds ratio was below 1, showing that it was 
a possible confounder.

DISCUSSION AND CONCLUSION

Although many studies reported a high preva-
lence of DRPs among patients in primary care or 
patients admitted to medical wards, not many in-
vestigated the potential relationship between the 
DRPs and the cause of hospital admission. To our 
best knowledge this is the first study to characterize 
DRPs and their potential association with hospital 
admission on five different wards of internal medi-
cine. DRPs on admission to hospital were common 
among patients in our patient population (80.7%), 
which is in accordance with previous findings (66-
94%) [20-22]. Nevertheless, nearly in the half of the 
patient population (45.2%) DRPs may have been the 
reason for hospitalization. Other authors reported 
somewhat lower and variable (9.1-40%) frequency 
of DRPs and possibly related hospitalizations [8, 9, 
23, 24]. The reason for such discrepancies may be 
associated with the definition and classification of 
DRPs, as well as the method used to assess causal-
ity of DRPs and hospitalization [23, 25].

In our study, suboptimal drug treatment was the 
most common DRP (69.1% of patients) and predic-
tive of possible hospitalization cause. This is a unique 
finding, since other authors reported adverse drug 

reactions and adherence issues as major risk factors 
for drug-related hospitalizations [9, 23, 26]. Previous 
studies usually investigated ADRs as a possible cause 
of drug-related hospitalization [27]. Some studies in-
cluded inappropriate drug choice, untreated indica-
tions, drug use without indication, non-adherence, 
drug-drug interactions, and similar DRPs, but only 
a few studies used the PCNE classification system 
for DRPs and related it to the possible cause of hos-
pital admission [24, 27-29]. This can partly explain 
why other authors did not assess the suboptimal ef-
fect of drug treatment on hospital admission. The 
drawback of this approach is that it is debatable if 
the suboptimal effect of drug treatment is the true 
cause of hospitalization.

Nevertheless, when we analyzed the causes of 
the suboptimal effect of drug treatment, they were 
mainly driven by the lack of presence of medications 
that could have been beneficial to the patients. We 
predominantly observed a  lack of statins, ACEIs, 
beta-blockers, and aspirin in our population. This is 
partly in accordance with other authors who reported 
antithrombotic agents, drugs used in diabetes, beta-
blockers, antiepileptics and diuretics to be involved 
in DRPs related to treatment efficacy [24, 30, 31]. 
Moreover, medications that target the cardiovascular, 
respiratory, central nervous, and endocrine systems, 
and anti-infectives, were associated with hospital ad-
mission due to non-adherence [32]. Drug omissions 
are recognized as inappropriate drug prescribing in 

Figure 1. Frequency of medications that were missing or could have been omitted from treatment.
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the STOPP/START criteria, in particular START 
which represents the Screening Tool to Alert to Right 
Treatment in elderly patients, as well as in the PCNE 
classification system [1, 33]. It can be argued that the 
lack of presence of medications such as statins in pa-
tients with diabetes, or appropriate cardiovascular 
drugs in patients with cardiovascular diseases may 
be associated with worsening of the disease or the 
onset of cardiovascular events [34-36].

However, the reason for the high prevalence 
of suboptimal treatment in our patients remains un-
clear. It can be partly explained by the national reim-
bursement system, which does not follow treatment 
guidelines accurately, i.e. statins are not reimbursed 

if used for the primary prevention of cardiovascular 
events in patients with diabetes. However, the ab-
sence of antidiabetic drugs in patients with diabetes, 
or beta-blockers, statins, and antithrombotic agents 
in patients with a history of myocardial infarction are 
difficult to explain and may be related to intentional 
lack of adherence rather than a lack of prescription. 
Nevertheless, there are probably many reasons that 
can contribute to the fact that many patients receive 
suboptimal treatment in primary care possibly lead-
ing to a higher incidence of hospital admissions.

Although many studies associated age, multi-
morbidity, and/or the number of medications with 
the prevalence of DRPs, they were not predictors 

Table 3. Predictors of hospitalization associated with inadequate treatment in primary care. 

Crude OR
(95% CI) a p-value Adjusted OR  

(95% CI) b p-value

Total number of DRPs 1.75 (1.52-2.02) <0.001 1.70 (1.44-2.00) <0.001

Effect of drug treatment not optimal 1.94 (1.64-2.29) <0.001 1.56 (1.18-2.07) 0.002

Untreated symptoms or indication 1.16 (0.53-2.55) 0.705

Adverse drug event 1.28 (0.90-1.82) 0.172

Unnecessary drug treatment 0.97 (0.72-1.30) 0.833

Ward 1.37 (1.20-1.57) <0.001 1.48 (1.21-1.80) <0.001

Age 1.00 (0.99-1.01) 0.916

Sex 1.10 (0.78-1.55) 0.586

Number of diagnoses 1.10 (1.01-1.19) 0.022 0.77 (0.68-0.86) <0.001

Number of medications 1.02 (0.97-1.08) 0.379

Hypertension 1.35 (0.96-1.91) 0.088

Heart failure 1.60 (0.99-2.59) 0.055

Diabetes 2.50 (1.74-3.57) <0.001 3.80 (2.32-6.21) <0.001

Renal failure 2.51 (1.61-3.91) <0.001 3.71 (1.99-6.95) <0.001

Atrial fibrillation 3.03 (1.83-4.99) <0.001 3.35 (1.78-6.29) <0.001

Myocardial infarction 2.51 (1.70-3.69) <0.001 2.16 (1.33-3.52) 0.002

Asthma/COPD 0.91 (0.55-1.51) 0.712

Angina pectoris 1.19 (0.83-1.73) 0.347

Hypothyroidism 0.92 (0.45-1.89) 0.820

Anemia 1.02 (0.60-1.72) 0.954

Dyslipidemia 1.16 (0.66-2.05) 0.605

BPH 0.65 (0.33-1.27) 0.205

Crohn’s disease 0.14 (0.05-0.42) <0.001 0.25 (0.07-0.88) <0.001

Gout 0.81 (0.36-7.78) 0.597

Dyspepsia 0.64 (0.30-1.36) 0.243

a – results obtained using univariate binary logistic regression; b – results obtained using mutivariate binary logistic 
regression; DRP – drug-related problem; COPD – chronic obstructive pulmonary disease; BPH – benign prostatic 
hyperplasia; OR – odds ratio; CI – confidence interval.
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for potential causes of hospitalization in our study 
[9, 23, 37, 38]. Our findings were in line with Lea 
et al., who reported that the number of medications 
and a higher Charlson Comorbidity Index were not 
associated with increased odds for drug-related hos-
pitalization [9]. Moreover, we found that the geri-
atric ward, where comorbidity is mostly prevalent, 
was among the wards with the lowest drug-related 
hospitalizations. Such findings are supported by the 
study of Sommers et al., who found that drug-related 
hospital admissions were more frequent in some-
what younger patients [23]. This is also consistent 
with our finding that the number of diagnoses was 
inversely associated with the risk of drug-related 
hospitalization.

Furthermore, the association between the wards 
or diagnoses with the hospitalization was confirmed 
when controlled for the potential confounders, such 
as the total number of DRPs or the number of diag-
noses. Nevertheless, when we look at the number 
of DRPs on admission on the geriatric ward, it was 
among the highest, but the patients were often hos-
pitalized because of pain, bleeding, infections, and 
other causes that were not associated with previous 
treatment. In contrast to the geriatric ward, nephrol-
ogy was associated with a lower overall number of 
DRPs but the highest prevalence of possibly drug-re-
lated hospitalizations. Other studies found prevalent 
DRPs in hospitalized patients with chronic kidney 
disease, but the relationship of DRPs with hospital-
ization causes were not adequately addressed [39-41]. 
As opposed to other diseases, patients with renal fail-
ure were associated with inappropriate drug selection 
rather than the suboptimal effect of drug treatment. 
The lower prevalence of DRPs and drug-related hos-
pitalizations in patients on the gastroenterology ward 
was expected, since these patients were mainly ad-
mitted to the hospital because of acute onset of pain 
in the gastrointestinal tract, caused by infections or 
ulcerative colitis/Crohn’s disease.

Our results indicate that specific DRPs may be 
related to hospital admission regardless of the num-
ber of DRPs in a patient or patient population. DRPs 
possibly associated with hospitalizations were prev-
alent on the endocrinology and cardiology wards. 
This finding is in accordance with other studies, 
which associated cardiovascular diseases and dia-
betes with increased risk of DRPs and drug-related 
hospitalizations [13, 31]. This is not surprising since 
diabetes, a history of myocardial infarction, and/or 
atrial fibrillation are associated with complex treat-
ment that requires multiple medications, which in-
creases the risk of DRPs of which some may be re-
lated to hospitalization. Interestingly, the number 

of diagnoses was identified as a confounder in our 
study, being associated with diseases such as dia-
betes, renal failure, atrial fibrillation, or myocardial 
infarction. The listed diagnoses were accompanied 
with other comorbidities, causing either further 
complications and new diseases, or were a compli-
cation of a previous disease (e.g. diabetes and renal 
failure; or myocardial infarction occurring in a pa-
tient with hypertension, coronary heart disease, dys-
lipidemia, or diabetes).

The main strength of this study is the accurate 
evaluation of drugs used prior to admission in every 
patient and the use of the validated DRP classification 
system (PCNE) and MAI. Moreover, the assessment 
of the relationship between the DRP and hospitaliza-
tion was performed by a multidisciplinary team by 
consensus. Nevertheless, this can also represent the 
main limitation of our study since we had no vali-
dated tools to assess, with higher certainty, the rela-
tionship between a DRP and drug-related hospitaliza-
tion. Another limitation is the absence of adherence 
data, as we did not assess adherence level at admis-
sion. However, a hospital admission as a  stressful 
event could impact the patient’s self-assessment of 
adherence. Therefore, it would be more precise to 
use data on adherence level from primary care in 
future research, using medication possession ratio 
or proportion of days covered, for instance. An ad-
ditional important aspect are potential interactions of 
prescribed therapy with OTC medications, herbal or 
dietary supplements, which could impact therapy ef-
ficacy or safety. Our results may have overestimated 
the problem of drug-related hospitalization, but still 
we observed a high frequency of DRPs prior to hos-
pital admission and this deserves further investiga-
tion since it could be related to the cause of hospi-
talization. However, using an appropriate statistical 
method such as multivariate logistic regression anal-
ysis, the statistically significant predictors for hos-
pitalization were identified and measured, adjusted 
for potential confounders. The results of our study 
provide the frame for effective therapy optimization 
both in primary care and at the patient’s admission 
to the hospital. Nonetheless, the findings are based 
on a single clinical center, which may limit the gen-
eralizability of the results to other settings or popu-
lations. Future directions of research include incor-
porating objective longitudinal data on medication 
adherence, expanding the study setting on different 
hospital settings (hospital admission through emer-
gency vs. non-emergency department), and imple-
menting validated tools for assessing the relationship 
between DRPs and hospital admissions to strengthen 
the study’s conclusions.
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This study indicates that DRPs, which can be 
associated with the reason for patient hospitaliza-
tion, are prevalent in patients on different wards of 
internal medicine. Possibly drug-related hospital-
izations were more frequent in patients with diabe-
tes, renal failure, atrial fibrillation, and/or myocar-
dial infarction. Suboptimal drug treatment, which 
included medication omissions that could have been 
beneficial for the patient, was often associated with 
the potential cause of hospital admission. The re-
sults indicate the necessity of a thorough investiga-
tion of DRPs in primary care patients with a focus 
on cardiovascular, renal, and endocrine diseases. 
According to our results, focusing on patients with 
specific diseases and DRPs in primary care may be 
potentially rational in the attempt to reduce drug-
related hospitalizations, rather than reducing the 
number of medications. Our study highlighted the 
importance of assessment and prevention of DRPs 
as a frequent preventable cause of hospital admis-
sion. Due to the high burden of cardiovascular dis-
ease and diabetes worldwide, which if uncontrolled 
cause further renal complications, a proactive role 
of health-care professionals in DRPs screening 
and therapy optimization in primary care is nec-
essary. A  collaborative practice model between 
general practitioners and community pharmacists 
could prevent drug-related hospitalizations, im-
prove therapy outcomes, and reduce costs in health-
care systems.
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