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Introduction
After describing “Pharmaceutical care” - a new horizon 

of pharmacy profession- by Helper and Strand in 1990 
(1), a rapid movement occurred to engage pharmacists 
in patients’ care process, in a more responsible manner. 
For the first time, some distinct categories about problems 
with drug therapy described and pharmacists’ role as a 
health care professional in decreasing these problems, 
emphasized.

“A drug therapy problem is any undesirable event 
experienced by a patient which involves, or is suspected 
to involve drug therapy, and that interferes with achieving 
the desired goals of therapy”, Strand et al., described in 
1990 (2). For the first time, they took place drug therapy 

problems in the eight categories. Other classification 
systems developed for identifying drug therapy problems 
in recent years (3). Some other terms that may be used 
alternatively, are: “drug related problems (DRPs)” and 
”Medication related problems”. In recent years there 
is a growing attention to identifying, prevention and 
management of DRPs. One study has shown that up to 
80% of hospitalized patients experience some forms of 
DRPs in general hospitals (4) and some studies have 
reported the incidence rate of 63-93% for DRPs in patients 
when discharging from hospitals (5, 6).

In recent years, pharmacist role has evolved from a 
pure drug consultant to a more accompanying member 
of a multidisciplinary team engaged in patient care (7). 
A large systematic review and meta-analysis concluded 
that pharmacist-provided patient care can lead to a better 
patients’ outcome in various health care settings and 
disease conditions (8). Likewise in the outpatient setting, 
it has been shown that pharmacist-led medication review 
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A B S T R A C T

In recent decades, by increasing complexity of drug therapy, pharmacists considered as health-
care members who can help optimizing drug therapy. We know that medicines do not have the 
anticipated effects all the times and a vast variability may exist in their behaviors in the body. So, 
it is very crucial to individualize treatment for every single patient. Nowadays, optimizing drug 
therapy in patients needs a collaborative interdisciplinary approach to patients care and treatment. 
Specifically when drug therapy is considered for a condition, pharmacists can enroll as a valuable 
professional to help for modification of therapy along with other clinicians. Abundant number of 
studies and reports exist in the literatures which address usefulness of pharmacist engagement in 
patient care. In this review we have presented some valuable evidences supporting pharmacist role 
in different clinical settings.
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can positively decrease DRPs in geriatric patients (9). 

Need for a medication review program
Medication review has been defined as assessment 

of an individual patient’s drug therapy to evaluate the 
regimen appropriateness. This can be accomplished either 
by recommendations or through direct interventions that 
result in changes in drug therapy (10). Not all medication 
errors can harm patients, but some of them may lead to 
dangerous or annoying events and because of widespread 
use of drugs, it is logical to set a systematic approach to 
prevent errors (11).

Numerous studies illustrating the role of pharmacist as 
a medication reviewer have been published and the body.
The body of literature generally supports this. 

Pharmacist role in emergency department
Medication error is common in patients admitted to 

Emergency Department (ED) due to its time limited 
nature and the presence of discrepancies. (12).

Patanwala et al., examined the role of pharmacist in 
preventing medication errors in a prospective multi-center 
study (13). Pharmacists recorded their interventions at 
each of four included centers for 250 hours of continuous 
presence in the ED (1000 hours collectively). Recorded 
items comprised efforts for preventing a medication error, 
type of intervention and error. Throughout the study 16,446 
patients received medical services and 364 confirmed 
medication errors occurred; a majority of them happened 
during prescribing step (n=300; 82.4%), followed by 
administering (n=27; 7.4%), dispensing (n=15; 4.1%), 
transcribing (n=12; 3.3%), and monitoring steps (n=10; 
2.8%). Also, wrong dose was the most common corrected 
error (n=161; 44.2%). A remarkable point of this study 
was that about two-third of medication error interventions 
occurred when a pharmacist was engaged in consultation 
during first drug therapy decision making, suggesting 
greater benefit of implementing pharmacists’ knowledge 
while patient-specific factors are considered. Of course 
this should not account to ignore the value of medical  
order review to find errors. The potential capability of 
pharmacists to detect and prevent harmful errors in ED 
has also been verified in other studies (14, 15).

Pharmacists may also contribute to safe discharge of ED 
patients. In a study aiming pharmacists’ role in optimizing 
discharge prescriptions, interventions consisted of both 
error prevention and drug therapy optimization were 
recorded (16). At the end of the study, pharmacists 
intervened on 68 of 674 discharge orders (10.1% of 
orders, 95% CI = 8.0%-12.7%). Beside the point, 95% of 
ED staff believed that pharmacist supervision in ED can 
significantly improve patient safety and satisfaction and 
optimize medication regimens.

These results illustrate the areas of pharmacist activity 
in ED and underline the need for incorporation of 

pharmacists in ED care team.

Pharmacist role in hypertension management 
and cardiovascular disease

With the expanding population of hypertensive 
patients during recent decades, team-based practice is 
gaining popularity for better control of an array of less-
than-optimal controlled chronic health issues specially 
hypertension, hyperlipidemia, diabetes, heart failure and 
chronic kidney disease (17-19).

Determining utility of a pharmacist-based hypertension 
clinic, Erhun et al., enrolled 51 outpatient hypertensive 
participants in a 1-year prospective randomized cohort 
study (20). All patients were diagnosed with hypertension 
by a physician and were receiving medications consisted 
of methyldopa and/or combination diuretic (amiloride 
+ hydrochlorothiazide) prior to enrollment in clinic. 
Pharmacists participating in the study, measured patients’ 
blood pressure, set individualized goals of lifestyle 
changes, educated patients regarding hypertension, 
adjusted drug therapy regimen and followed patients for 
a 6-months period to evaluate outcomes. The study group 
was compared to a historical group of control patients that 
were treated in a physician-managed hypertension clinic 
under a similar setting. A significant decrease was noted 
in both systolic and diastolic blood pressures compared 
to baseline values at the time of enrollment [mean                    
SBP = 167.90 ± 30.32 mmHg at enrollment and                                                                                                     
126.20 ± 6.20 mmHg at last visit (p<0.01); mean                    
DBP = 103.09 ± 32.09 mmHg at enrollment and 80.60 ± 
4.66 mmHg at last visit (p<0.05)]. Also comparing with 
control group a marked reduction in treatment failure 
rate and more satisfaction and compliance of patients 
were observed. Encouraging results of such studies have 
prompted pharmacists to experience independent practice 
through self-prescribing of antihypertensive medications 
(21, 22). Pharmacist-managed programs also have been 
associated with reduced overall cost to health system. 
Houle et al., developed an economic model to assess 
cost-saving potential of a pharmacist-based management 
program for hypertensive patients. They found that the 
program was cost saving. Their calculations showed an 
average of $131 for the annual net total cost savings/
patient for a program lasting 6 months or $115 for a 
program lasting 1 year (23). 

Trials have also been conducted in different populations 
of patients with cardiovascular disease. Based on previous 
encouraging small trials suggesting improved outcome 
with pharmacist intervention in heart failure patients, 
Lowrie et al., randomly assigned 2164 primary care heart 
failure patients to either non-specialist pharmacist-led 
collaborative drug review (1090 patients) or usual care 
by physician (1074 patients) (24). After a median follow-
up of 4.7 years, there was not any significant difference 
in primary outcomes of death or hospital re-admission 
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between groups [35.8% for intervention vs. 35.4% for 
control group; Hazard Ratio = 0.97; 95% CI = 0.83-1.14; 
p = 0.72]. Similar results were also noted in another trial 
which incorporated post-discharge chronic heart failure 
patients (25). Although pharmacist intervention in these 
trials led in modest improvement in use of disease-
modifying agents such as angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers, it seems that 
targeting improved outcomes of death or hospitalization 
rate requires specialized clinical pharmacy service and 
more stringent collaborative practice.

In addition, other trials have shown that pharmaceutical 
services may contribute to decrease in door-to-balloon 
time in ST-Segment elevation myocardial infarction (26), 
improve detection and prevention of adverse effects of 
anti-arrhythmic agents (27) and enhance efficacy and 
safety of anticoagulation (28).

Pharmacist role in diabetes care
Successful Pharmacists’ efforts to optimize glycemic 

control in various diabetic subpopulations have been 
reported consistently in many controlled trials. A 
majority of these trials have suggested the development 
of pharmacist-led diabetes clinics as a way to improve 
patient adherence, glycemic control, prevent adverse drug 
reactions and disease complications (29-35). Enhanced 
patient satisfaction and reduced cost to health-care 
system have also been reported in patients with type 2 
diabetes which received pharmacist services as a part of 
multidisciplinary team (36).

Collins et al., conducted a meta-analysis on randomized 
controlled trials in type 1 and 2 diabetic population in which 
the effect of pharmacist intervention on hemoglobin A1C 
was evaluated (37). Fourteen trials (n=2073) were identified 
and included in the analysis. Pharmacist intervention led to 
a significant reduction in hemoglobin A1C concentration 
[Weighted mean differences (WMDs) = -0.76%; 95% CI = 
-1.06 to -0.47]. Fasting blood glucose was measured in 4 
trials which also showed a significant reduction [WMD = 
-29.32 mg/dl; 95% CI = -39.54 to -19.10].

Although may not be applicable to diabetic population, 
pharmacist team intervention has been associated with 
better glycemic control and reduction in hypoglycemic 
episodes in peri-operative hyperglycemic patients (38).

No single intervention may eventuate in the consistent 
results of these trials. Instead, better outcome is the 
result of a series of activities including appropriate 
communication, review of expected adverse effects of 
drug therapy prior to treatment initiation and strategies 
to manage them, regular follow-up visits and timely 
collaboration with other health-care providers.

Pharmacist role in chronic kidney disease care
Considering the wide range of medical co-morbidities, 

linked to chronic kidney disease, poly-pharmacy is a 

common finding in this population. By increasing the 
number of drugs used by a patient, the likelihood of drug 
related problems may also be increased. Pharmacists can 
assist by promoting patient adherence to medication use 
and reducing the cost and health-related issues through 
minimizing poly-pharmacy (39). There are numerous 
studies in chronic kidney disease or hemodialysis patients, 
predicating positive impacts of clinical pharmacist’s 
participation on patient or disease outcomes such as higher 
percentage of patients attaining hemoglobin (40) or blood 
pressure goals (41), improved patients’ knowledge of 
disease (42), decreased hospitalization (43) and improved 
quality of life (44).

A systematic review appraising clinical pharmacy 
activities in chronic kidney disease and end-stage renal 
disease (ESRD) population revealed promising results 
(45). Twenty-one studies were included among them four 
were controlled trials. The most common complication 
targeted by clinical pharmacists was anemia that trended 
favorably toward predefined target levels. In general, 
pharmacists’ intervention in these trials improved the 
quality of life, increased patient knowledge and reduced 
hospitalizations. Physicians accepted clinical pharmacy 
suggestions at a median rate of 79%.

Regarding cost issues, it has been proposed that $3.98 
is saved per every $1 spent on pharmaceutical care in end 
stage renal disease population (46). Collectively, such 
positive results have been translated into establishment 
of clinics that specifically provide ESRD patients with 
pharmaceutical care (47).

Pharmacist role in antibiotic therapy and 
infectious disease care

Playing role in the area of infection control and 
antibiotic therapy represents a potential opportunity for 
pharmacists please delete “either” to be accepted as a 
member of patient care team (48).

To explore the benefits associated with multidisciplinary 
approach to infectious diseases, Gums et al., enrolled 252 
consecutive inpatients in a prospective randomized trial 
(49). All patients were receiving suboptimal intravenous 
antibiotic therapy confirmed by a clinical pharmacist. 
Patients were randomized to intervention (n=127) and 
control (n=125) groups and physicians received relevant 
recommendations by clinical pharmacist for optimal drug 
choices and dosages. Although both groups had a similar 
disease severity, infection type and time from admission to 
randomization, median hospital stay after randomization 
was 9.0 vs. 5.7 days for control and intervention group 
respectively (p=0.0001). Median hospital cost also was 
substantially reduced in intervention group ($2642/
intervention). Overall, implementing multidisciplinary 
approach to manage intravenous antibiotic therapy 
resulted in shorter duration of hospital stay and significant 
cost saving.
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Hand K., highlighted important roles of pharmacists 
in the infectious disease ward and antibiotic therapy and 
discussed some typical responsibilities of pharmacists in 
UK hospitals. He named these pharmacists as “antibiotic 
pharmacists” (50). Some potential roles of antibiotic 
pharmacist summarized in table 1. 

Pharmacist role in critical care
Medication-related errors alone results in about 80% 

of medical errors in patients admitted to an intensive 
care unit. Each individual patient endures an average 
of 1.7 medication errors per day and nearly all patients 
experience at least one life-threatening error during 
ICU stay (51, 52). One study reported that antibiotics, 
electrolytes and cardiovascular agents are among the most 
error-susceptible categories (53).

A prospective 10-week study evaluated the efficacy 
of a critical care pharmacist participation in medical 
rounds to prevent drug interactions (54). The clinical 
pharmacist reviewed patients drug profiles daily and made 
recommendations to prevent significant drug interactions. 
This was compared to a baseline period when clinical 
pharmacist was not present. Pharmacist interventions 
led to a significant decrease in drug interactions that 
needed drug therapy modification (Poisson regression                                    
B = −1.036; 95% confidence interval, −1.318 to −0.753; 
P <0 .01). Although the lower rate of drug interaction did 
not translate into decreased mortality (p=0.45 for single 
regression; p=0.09 for multiple regression analysis), and 
t-test did not show significant differences in length of 
stay (8.29 vs. 6.91 days, P=0.915), but multiple linear 
regression analysis showed that it was associated with 
shorter length of hospital stay (p<0.01).

Role of critical care pharmacist also has been 
appreciated in other sub-populations of critical care 
patients. In a study conducted by MacLaren et al., ICUs 
without clinical pharmacist had higher mortality rate, 
longer hospital stay and greater Medicare billings for 
patients affected by nosocomial-acquired infections, 
community-acquired infections and sepsis compared to 
ICUs that had clinical pharmacist (55). Same authors also 
reported that implicating clinical pharmacists in care of 
patients with thromboembolic or infarction-related events 
resulted in reduction in mortality and cost of care (56).

The great knowledge and skills required to approach 
treatment of patients facing complicated states, 
necessitates pharmacist incorporation as a member of 
decision-making team (57). In general, broad spectrum of 
health problems encountered by critical care practitioners 
and complicated drug-therapy in critically ill patients, 
provides pharmacists with a unique opportunity to apply 
their knowledge of pharmaceutical care to clinical states.

Pharmacist role in cancer management
Treatment of cancer usually needs a combination 

therapy with highly toxic drugs. Along with anti-
neoplastic agents, patients need frequent supportive 
therapies by multiple medications. This in turn enhances 
the risk of medication-related problems such as drug-drug 
interactions and medication errors that either may cause 
excessive toxicity or treatment failure (58-60).

Yeoh et al., conducted a study in 118 elderly cancer 
patients (61). In this study the effect of a medication 
therapy management service on reducing drug-related 
problems (DRPs) was assessed. A total of 361 DRPs 
were found. Of 44 interventions made by pharmacists, 
40 were accepted (91% acceptance rate) and two thirds 
were graded as ‘highly significant’ by three independent 
judges.

Furthermore, hematopoietic stem cell transplantation 
(HSCT), as a gold-standard strategy to various types of 
hematologic malignancies, is followed by poly-pharmacy. 
Medication safety in such patients calls for a team-
care approach. To determine the effect of pharmacist 
implication in patient care after allogeneic HSCT, Ho 
et al., organized a prospective clinic-based study (62). 
Thirty-five post-transplant patients who referred to clinic 
were separately visited by a pharmacist and medication 
related interventions were applied, recorded and then 
analyzed by a panel of physicians. At the end of study, 
pharmacists identified 50 medication discrepancies and 
70 drug therapy problems; 27 of them were recognized 
as clinically significant errors by the panel. Pharmacist 
in this study helped safe medication use in post-HSCT 
patients.

Pharmacist role in geriatric medicine
Compared to general population, elderly people are more 

prone to adverse drug reactions and the consequences are 
more pronounced (26). Controlled trials evaluating drug 
use specifically in this population are lacking. Altered 
pharmacologic actions of drugs and frequent co-morbid 
conditions also add to the complexity of drug therapy in 
the elderly (63). In addition, medication error is common 
in elderly so that in some studies more than half of 
subjects were exposed to a potentially dangerous error 
during study period (64, 65).

A randomized multi-center study performed in a 
Swedish elderly population confirmed efficacy of 
pharmacist-conducted medication review in detecting 
potentially inappropriate medications (PIMs) (66). Three 
hundred sixty nine elderly patients (age ≥ 75 years) 
residing nursing homes or community were assigned to 
intervention (n=182) and control (n=187) groups. All 
patients were receiving ≥ 10 drugs and ≥ 3 psychotropics. 
PIMs were present in one-third of patients at each group. 
A pharmacist reviewed medications of intervention group 
and recommended physicians for appropriate changes. 
At the end of a two months period, the number of 
patients with at least one PIM was significantly lower in 
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intervention group compared to control group (p = 0.007). 
The number of patients that were receiving 10 or more 
drugs also was reduced in intervention group (p = 0.001). 
There were drug related problems in 93% of 182 patients 
of intervention group. Although the number of patients 
taking at least three psychotropic agents did not differ 
during study but doses were lowered in intervention group. 
Hanlon et al. in a literature review found 14 randomized 
controlled trials about DRPs in elderly patients (≥65 
years) and related health outcome (67). They concluded 
that there are convincing evidences that clinical pharmacy 
services and interventions can reduce DRPs significantly 
but supportive evidences about positive effects of such 
interventions on morbidity, mortality and cost are lacking.

Elderly usually suffer from multiple chronic health 
problems. Exacerbation of disease also may occur several 
times. Medication errors may arise during transition from 
home/long-term care facility to acute care setting and vice 
versa. Medication reconciliation is often a neglected step in 
this transition. In a review of studies evaluating controlled 
transition, clinical pharmacist medication review proved 
to be efficient in prevention of medication errors (68).

Pharmacists as a member of multidisciplinary 
team

With evolving viewpoint of patient care, multidisciplinary 
approach has gained popularity as the standard of care. 
The interplay needed to fulfill this goal, recalls different 
specialties under a same identity to improve patient care. 
Pharmacists, as well, are experiencing new horizons and 
opportunities in this revolutionized patient-centered view. 
Clinical pharmacists have appreciably incorporated the 
science of drug therapy in various specialties (69, 70). 
While this has been linked to creation of new professional 
opportunities in pharmacy practice, new challenges have 
emerged as well. Now pharmacists are going away from 
time-consuming tasks such as dispensing or commercial 
activities and seek “private space” to visit patients. They 
need to get access to patients’ medical records. Direct 
contact with other health care professionals that has been 
lost mostly in community pharmacy practice is now 
growing progressively (71). Not surprisingly, more close 
inter-professional work increases implementation rate of 
recommendations (72).

In a study performed in primary care setting, two 

Potential roles of pharmacist in the area of antibiotic therapy

-	 Expert advice:
To provide expert recommendations about optimum antibiotic therapy in individual cases

-	 Education and training:
Education and training of all health care providers about different aspects of antibiotic therapy and to aware them about hospital policies and 
guidelines

-	 Liaison role:
As a link between microbiology and pharmacy departments (antibiotic formulary,  new antibiotics, antibiotic susceptibility testing and TDM of 
antibiotics)

-	 Formulary enforcement
Monitoring of prescribers’ compliance with hospital antibiotic formulary

-	 Antibiotic guidelines
To establish and maintain antibiotic guidelines in hospital

-	 Antibiotic policy
Special policies about antibiotic administration e.g. considering alternative drugs, automatic stop orders, switching from IV to oral drugs and etc.

-	 Antibiotic serum level monitoring and dosing
Pharmacists have a major role in TDM of certain antibiotics such as aminoglycosides and vancomycin

-	 Monitoring and feedback
Regular feedbacks to physicians by analyzing related data and development of controlling systems

-	 Research and development
Coordinating with other health care providers in designing and performing research projects about antibiotic therapy and patient care

Table 1. Potential roles of pharmacist in the area of antibiotic therapy (Updated From reference 50).
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different views prevailed in contributing pharmacists (73). 
A group tended “physician-oriented” practice favored 
to act as drug-consultants and provide physicians with 
drug information. The other appreciated more engaged 
practice, from direct care of patients to interventions at 
system levels that guarantees rational drug use. Although 
this diversity may be regarded as a challenge for new era 
of inter-professional practice, it may indicate different 
roles that pharmacists can perform.

Outcome measurement
Expected outcomes of pharmacist intervention can 

generally be categorized as disease-related outcomes, 
patient-related outcomes and cost saving.

Disease-related outcome are specific to each illness 
and has been reviewed extensively in previous sections of 
this article. Patient-related outcomes can be explained as 
patient knowledge of disease, readmission rate and quality 
of life. Although a few studies failed to demonstrate 
reduced medication-related hospital readmissions 
with implementing medication reconciliation (10, 74, 
75), numerous studies have verified the efficacy of 
pharmacist intervention to achieve these outcomes (76, 
77). Unfortunately the majority of studies performed in 
this area have not incorporated cost analysis in outcome 
measurement, but few studies that did so, consistently 
validated cost saving (46, 78).

In general, there is no evidence of worse outcome 
after initiation of medication review by pharmacist in 
any of mentioned subcategories and the majority of 
studies authenticate better outcomes after participation of 
pharmacists (79).

Practical issues
Collaborative working of pharmacists within a medical 

team requires predefined agreements on responsibilities, 
site of care, patient groups and etc. Areas of activity may 
include but not limited to drug interactions, laboratory 
monitoring, adverse effect management, therapeutic 
alternatives and also non-pharmacologic therapies. 
Patient referral should take place as needed. Instituting 
educational programs for other health care members 
comprises another task that can be undertaken by 
pharmacists. Patient visit at the same time and same place 
may develop mutual respect and trust between pharmacist 
and physician (80). 

Future of medication review
Going away from long-established dispensing roles, 

pharmacists are facing new demands to care patients in a 
more directed manner. As previously stated, two models 
are prevailing; drug consultant model and team-based 
model. There are no large-scale comparative studies to 
ascertain which model comes better, but a prospective 
study conducted in an oncology ward reported more 

successful drug-related problem detection when 
pharmacists acted in a collaborative patient visit (81).

Another issue facing the future of medication review 
arises when the running setting is considered. There is a 
scarcity of studies performed in private setting. In fact, 
most of positive results reported yet have been gained in 
educational and university-affiliated hospitals or clinics.

It seems that seeking better models of intervention and 
extending activity to private setting are among future 
challenges of pharmacists engaged in medication review.

Conclusion
Tasks allocated to pharmacists have changed 

dramatically over last decade. New opportunities have 
produced new challenges that were not encountered 
previously. Generally, outcome of pharmacist-led 
medication review is promising and needs more 
consideration by health-care systems.

References
1.	 Hepler CD, Strand LM. Opportunities and responsibilities in pharmaceutical 

care. Am J Hosp Pharm 1990; 47(3):533-43.
2.	 Strand LM, Morley PC, Cipolle RJ, Ramsey R, Lamsam GD. Drug-related 

problems: their structure and function. DICP 1990;24(11):1093-7.
3.	 Williams M, Peterson GM, Tenni PC, Bindoff IK, Stafford AC. 

DOCUMENT: a system for classifying drug-related problems in community 
pharmacy. Int J Clin Pharm 2012; 34(1):43-52.

4.	 Blix HS, Viktil KK, Reikvam A, et al. The majority of hospitalised patients 
have drug-related problems: results from a prospective study in general 
hospitals. Eur J Clin Pharmacol 2004; 60(9):651-8.

5.	 Paulino EI, Bouvy ML, Gastelurrutia MA, Guerreiro M, Buurma H, Group 
E-SRCPR. Drug related problems identified by European community 
pharmacists in patients discharged from hospital. Pharm World Sci 2004; 
26(6):353-60.

6.	 Ellitt GR, Engblom E, Aslani P, Westerlund T, Chen TF. Drug related 
problems after discharge from an Australian teaching hospital. Pharm World 
Sci 2010; 32(5):622-30.

7.	 Blenkinsopp A, Bond C, Raynor DK. Medication reviews. Brit J Clin 
Pharmacol 2012;74(4):573-80.

8.	 Chisholm-Burns MA, Kim Lee J, Spivey CA, et al. US pharmacists’ effect 
as team members on patient care: systematic review and meta-analyses. 
Med Care 2010; 48(10):923-33.

9.	 Vinks TH, Egberts TC, de Lange TM, de Koning FH. Pharmacist-based 
medication review reduces potential drug-related problems in the elderly: 
the SMOG controlled trial. Drugs Aging 2009; 26(2):123-33.

10.	 Christensen M, Lundh A. Medication review in hospitalized patients 
to reduce morbidity and mortality. Cochrane Database Syst Rev 2013; 
2:CD008986.

11.	 Teinilä T, Kaunisvesi K, Airaksinen M. Primary care physicians’ perceptions 
of medication errors and error prevention in cooperation with community 
pharmacists. Res Social Adm Pharm 2011; 7(2):162-79.

12.	 Patanwala AE, Warholak TL, Sanders AB, Erstad BL. A prospective 
observational study of medication errors in a tertiary care emergency 
department. Ann Emerg Med 2010; 55(6):522-6.

13.	 Patanwala AE, Sanders AB, Thomas MC, et al. A prospective, multicenter 
study of pharmacist activities resulting in medication error interception in 
the emergency department. Ann Emerg Med 2012; 59(5):369-73.

14.	 Jellinek SP, Cohen V, Fancher LB, et al. Pharmacist improves timely 
administration of medications to boarded patients in the emergency 
department. J Emerg Nurs 2010; 36(2):105-10.

15.	 Rothschild JM, Churchill W, Erickson A, et al. Medication errors recovered 
by emergency department pharmacists. Ann Emerg Med 2010; 55(6):513-
21.



December 2013;1(4) 159jpc.tums.ac.ir

Sadeghi et al.

16.	 Cesarz JL, Steffenhagen AL, Svenson J, Hamedani AG. Emergency 
department discharge prescription interventions by emergency medicine 
pharmacists. Ann Emerg Med 2013; 61(2):209-14 e1.

17.	 Odum L, Whaley-Connell A. The Role of Team-Based Care Involving 
Pharmacists to Improve Cardiovascular and Renal Outcomes. Cardiorenal 
Med 2012; 2(4):243-50.

18.	 Kalisch LM, Roughead EE, Gilbert AL. Improving heart failure outcomes 
with pharmacist-physician collaboration: how close are we? Future Cardiol 
2010; 6(2):255-68.

19.	 Peterson ED, Albert NM, Amin A, Patterson JH, Fonarow GC. Implementing 
critical pathways and a multidisciplinary team approach to cardiovascular 
disease management. Am J Cardiol 2008; 102(5A):47G-56G.

20.	 Erhun WO, Agbani EO, Bolaji EE. Positive benefits of a pharmacist-
managed hypertension clinic in Nigeria. Public Health 2005; 119(9):792-8.

21.	 Charrois TL, McAlister FA, Cooney D, et al. Improving hypertension 
management through pharmacist prescribing; the rural Alberta clinical trial 
in optimizing hypertension (Rural RxACTION): trial design and methods. 
Implement Sci 2011; 6:94.

22.	 Fikri-Benbrahim N, Faus MJ, Martinez-Martinez F, Sabater-Hernandez 
D. Impact of a community pharmacists’ hypertension-care service on 
medication adherence. The AFenPA study. Res Social Adm Pharm 2013. pii: 
S1551-7411(13)00005-3.

23.	 Houle SK, Chuck AW, McAlister FA, Tsuyuki RT. Effect of a pharmacist-
managed hypertension program on health system costs: an evaluation of the 
Study of Cardiovascular Risk Intervention by Pharmacists-Hypertension 
(SCRIP-HTN). Pharmacotherapy 2012; 32(6):527-37.

24.	 Lowrie R, Mair FS, Greenlaw N, et al. Pharmacist intervention in primary 
care to improve outcomes in patients with left ventricular systolic 
dysfunction. Eur Heart J 2012; 33(3):314-24.

25.	 Barker A, Barlis P, Berlowitz D, Page K, Jackson B, Lim WK. Pharmacist 
directed home medication reviews in patients with chronic heart failure: a 
randomised clinical trial. Int J Cardiol 2012; 159(2):139-43.

26.	 Acquisto NM, Hays DP, Fairbanks RJ, et al. The outcomes of emergency 
pharmacist participation during acute myocardial infarction. J Emerg Med 
2012; 42(4):371-8.

27.	 Snider M, Kalbfleisch S, Carnes CA. Initial experience with antiarrhythmic 
medication monitoring by clinical pharmacists in an outpatient setting: a 
retrospective review. Clin Ther 2009; 31(6):1209-18.

28.	 Donovan JL, Drake JA, Whittaker P, Tran MT. Pharmacy-managed 
anticoagulation: assessment of in-hospital efficacy and evaluation of 
financial impact and community acceptance. J Thromb Thrombolysis 2006; 
22(1):23-30.

29.	 Jarab AS, Alqudah SG, Mukattash TL, Shattat G, Al-Qirim T. Randomized 
controlled trial of clinical pharmacy management of patients with type 2 
diabetes in an outpatient diabetes clinic in Jordan. J Manag Care Pharm 
2012; 18(7):516-26.

30.	 Warrington L, Ayers P, Baldwin AM, et al. Implementation of a pharmacist-
led, multidisciplinary diabetes management team. Am J Health Syst Pharm 
2012; 69(14):1240-5.

31.	 Venkatesan R, Devi AS, Parasuraman S, Sriram S. Role of community 
pharmacists in improving knowledge and glycemic control of type 2 
diabetes. Perspect Clin Res 2012; 3(1):26-31.

32.	 Farsaei S, Sabzghabaee AM, Zargarzadeh AH, Amini M. Effect of 
pharmacist-led patient education on glycemic control of type 2 diabetics: a 
randomized controlled trial. J Res Med Sci 2011; 16(1):43-9.

33.	 Salvo MC, Brooks AM. Glycemic control and preventive care measures 
of indigent diabetes patients within a pharmacist-managed insulin titration 
program vs. standard care. Ann Pharmacother 2012; 46(1):29-34.

34.	 Vivian EM. The pharmacist’s role in maintaining adherence to insulin 
therapy in type 2 diabetes mellitus. Consult Pharm 2007; 22(4):320-32.

35.	 Taveira TH, Dooley AG, Cohen LB, Khatana SA, Wu WC. Pharmacist-led 
group medical appointments for the management of type 2 diabetes with 
comorbid depression in older adults. Ann Pharmacother 2011; 45(11):1346-55.

36.	 Grossman S. Management of type 2 diabetes mellitus in the elderly: role of 
the pharmacist in a multidisciplinary health care team. J Multidiscip Healthc 
2011; 4:149-54.

37.	 Collins C, Limone BL, Scholle JM, Coleman CI. Effect of pharmacist 
intervention on glycemic control in diabetes. Diabetes Res Clin Pract 2011; 

92(2):145-52.
38.	 Mularski KS, Yeh CP, Bains JK, Mosen DM, Hill AK, Mularski RA. 

Pharmacist glycemic control team improves quality of glycemic control in 
surgical patients with perioperative dysglycemia. Perm J 2012; 16(1):28-33.

39.	 Mason NA. Polypharmacy and medication-related complications in the 
chronic kidney disease patient. Curr Opin Nephrol Hypertens 2011; 
20(5):492-7.

40.	 Joy MS, Candiani C, Vaillancourt BA, Chin H, Hogan SL, Falk RJ. 
Reengineering clinical operations in a medical practice to optimize the 
management of anemia of chronic kidney disease. Pharmacotherapy 2007; 
27(5):734-44.

41.	 St Peter WL, Farley TM, Carter BL. Role of collaborative care models 
including pharmacists in improving blood pressure management in chronic 
kidney disease patients. Curr Opin Nephrol Hypertens 2011; 20(5):498-503.

42.	 Sathvik B S, Mangasuli S, Narahari M G, Gurudev K C, Parthasarathi G. 
Medication knowledge of hemodialysis patients and influence of clinical 
pharmacist provided education on their knowledge. Indian J Pharm Sci 
2007; 69(2):232-9 

43.	 Pai AB, Boyd A, Depczynski J, Chavez IM, Khan N, Manley H. Reduced 
drug use and hospitalization rates in patients undergoing hemodialysis 
who received pharmaceutical care: a 2-year, randomized, controlled study. 
Pharmacotherapy 2009; 29(12):1433-40.

44.	 Pai AB, Boyd A, Chavez A, Manley HJ. Health-related quality of life is 
maintained in hemodialysis patients receiving pharmaceutical care: a 2-year 
randomized, controlled study. Hemodial Int 2009; 13(1):72-9.

45.	 Stemer G, Lemmens-Gruber R. Clinical pharmacy activities in chronic 
kidney disease and end-stage renal disease patients: a systematic literature 
review. BMC Nephrol 2011; 12:35.

46.	 Manley HJ, Carroll CA. The clinical and economic impact of pharmaceutical 
care in end-stage renal disease patients. Semin Dial 2002; 15(1):45-9.

47.	 Mirkov S. Implementation of a pharmacist medication review clinic for 
haemodialysis patients. N Z Med J 2009; 122(1297):25-37.

48.	 Ibrahim KH, Gunderson B, Rotschafer JC. Intensive care unit antimicrobial 
resistance and the role of the pharmacist. Crit Care Med 2001; 29(4 
Suppl):N108-13.

49.	 Gums JG, Yancey RW, Jr., Hamilton CA, Kubilis PS. A randomized, 
prospective study measuring outcomes after antibiotic therapy intervention 
by a multidisciplinary consult team. Pharmacotherapy 1999; 19(12):1369-77.

50.	 Hand K. Antibiotic pharmacists in the ascendancy. J Antimicrob Chemother 
2007; 60 Suppl 1:i73-6.

51.	 Camire E, Moyen E, Stelfox HT. Medication errors in critical care: risk 
factors, prevention and disclosure. CMAJ 2009; 180(9):936-43.

52.	 Moyen E, Camire E, Stelfox HT. Clinical review: medication errors in 
critical care. Crit Care 2008; 12(2):208.

53.	 Kiekkas P, Karga M, Lemonidou C, Aretha D, Karanikolas M. Medication 
errors in critically ill adults: a review of direct observation evidence. Am J 
Crit Care 2011; 20(1):36-44.

54.	 Rivkin A, Yin H. Evaluation of the role of the critical care pharmacist in 
identifying and avoiding or minimizing significant drug-drug interactions in 
medical intensive care patients. J Crit Care 2011; 26(1): 104 e1-6.

55.	 MacLaren R, Bond CA, Martin SJ, Fike D. Clinical and economic outcomes 
of involving pharmacists in the direct care of critically ill patients with 
infections. Crit Care Med 2008; 36(12):3184-9.

56.	 MacLaren R, Bond CA. Effects of pharmacist participation in intensive 
care units on clinical and economic outcomes of critically ill patients with 
thromboembolic or infarction-related events. Pharmacotherapy 2009; 
29(7):761-8.

57.	 Kane SL, Weber RJ, Dasta JF. The impact of critical care pharmacists on 
enhancing patient outcomes. Intensive Care Med 2003; 29(5):691-8.

58.	 Carcelero E, Anglada H, Tuset M, Creus N. Interactions between oral 
antineoplastic agents and concomitant medication: a systematic review. 
Expert Opin Drug Saf 2013; 12(3):403-20.

59.	 Watts RG, Parsons K. Chemotherapy Medication Errors in a Pediatric 
Cancer Treatment Center: Prospective Characterization of Error Types and 
Frequency and Development of a Quality Improvement Initiative to Lower 
the Error Rate. Pediatr Blood Cancer 2013;60(8):1320-4.

60.	 van Leeuwen RW, Brundel DH, Neef C, et al. Prevalence of potential drug-
drug interactions in cancer patients treated with oral anticancer drugs. Br J 



December 2013;1(4)160 jpc.tums.ac.ir

Sadeghi et al.

Cancer 2013; 108(5):1071-8.
61.	 Yeoh TT, Si P, Chew L. The impact of medication therapy management in 

older oncology patients. Support Care Cancer 2013; 21(5):1287-93.
62.	 Ho L, Akada K, Messner H, Kuruvilla J, Wright J, Seki JT. Pharmacist’s Role 

in Improving Medication Safety for Patients in an Allogeneic Hematopoietic 
Cell Transplant Ambulatory Clinic. Can J Hosp Pharm 2013; 66(2):110-7.

63.	 Fialova D, Onder G. Medication errors in elderly people: contributing 
factors and future perspectives. Br J Clin Pharmacol 2009; 67(6):641-5.

64.	 Szczepura A, Wild D, Nelson S. Medication administration errors for older 
people in long-term residential care. BMC Geriatr 2011; 11:82.

65.	 Rancourt C, Moisan J, Baillargeon L, Verreault R, Laurin D, Gregoire JP. 
Potentially inappropriate prescriptions for older patients in long-term care. 
BMC Geriatr 2004; 4:9.

66.	 Milos V, Rekman E, Bondesson A, et al. Improving the quality of 
pharmacotherapy in elderly primary care patients through medication 
reviews: a randomised controlled study. Drugs Aging 2013; 30(4):235-46.

67.	 Hanlon JT, Lindblad CI, Gray SL. Can clinical pharmacy services have 
a positive impact on drug-related problems and health outcomes in 
community-based older adults? Am J Geriatr Pharmacother 2004; 2(1):3-13.

68.	 Chhabra PT, Rattinger GB, Dutcher SK, Hare ME, Parsons KL, Zuckerman 
IH. Medication reconciliation during the transition to and from long-term 
care settings: a systematic review. Res Social Adm Pharm 2012; 8(1):60-75.

69.	 Kassam R, Meneilly GS. Role of the Pharmacist on a Multidisciplinary 
Diabetes Team. Canadian Journal of Diabetes 2007; 31(3):215-22.

70.	 Hussainy SY, Box M, Scholes S. Piloting the role of a pharmacist in a 
community palliative care multidisciplinary team: an Australian experience. 
BMC Palliat Care 2011; 10:16.

71.	 Pottie K, Haydt S, Farrell B, et al. Pharmacist’s identity development within 
multidisciplinary primary health care teams in Ontario; qualitative results 
from the IMPACT project. Res Social Adm Pharm 2009; 5(4):319-26.

72.	 Kwint HF, Bermingham L, Faber A, Gussekloo J, Bouvy ML. The 

relationship between the extent of collaboration of general practitioners 
and pharmacists and the implementation of recommendations arising from 
medication review: a systematic review. Drugs Aging 2013; 30(2):91-102.

73.	 Farrell B, Ward N, Dore N, Russell G, Geneau R, Evans S. Working in 
interprofessional primary health care teams: What do pharmacists do? Res 
Social Adm Pharm 2012; 9(3):288-301

74.	 Leendertse AJ, de Koning GH, Goudswaard AN, et al. Preventing hospital 
admissions by reviewing medication (PHARM) in primary care: an 
open controlled study in an elderly population. J Clin Pharm Ther 2013; 
38(5):379-87.

75.	 Bellone JM, Barner JC, Lopez DA. Postdischarge interventions by 
pharmacists and impact on hospital readmission rates. J Am Pharm Assoc 
(2003). 2012; 52(3):358-62.

76.	 Kilcup M, Schultz D, Carlson J, Wilson B. Postdischarge pharmacist 
medication reconciliation: Impact on readmission rates and financial 
savings. J Am Pharm Assoc (2003). 2013; 53(1):78-84.

77.	 Dashti-Khavidaki S, Sharif Z, Khalili H, et al. The use of pharmaceutical 
care to improve health-related quality of life in hemodialysis patients in Iran. 
Int J Clin Pharm 2013; 35(2):260-7.

78.	 Thatcher EE, Vanwert EM, Erickson SR. Potential Impact of Pharmacist 
Interventions to Reduce Cost for Medicare Part D Beneficiaries. J Pharm 
Pract 2012;  26(3):248-52.

79.	 Kaboli PJ, Hoth AB, McClimon BJ, Schnipper JL. Clinical pharmacists 
and inpatient medical care: a systematic review. Arch Intern Med 2006; 
166(9):955-64.

80.	 Van C, Costa D, Abbott P, Mitchell B, Krass I. Community pharmacist 
attitudes towards collaboration with general practitioners: development and 
validation of a measure and a model. BMC Health Serv Res 2012; 12:320.

81.	 da Silva NMM. The impact of pharmacist participation in a multidisciplinary 
team on an oncology ward compared with a ward clinical pharmacy service. 
Eur J Hosp Pharm Sci Pract 2012; 19(2):259-60.


