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Abstract: Potentially inappropriate medication (PIM) is a primary health concern affecting 
the quality of life of patients over 65. PIM is associated with adverse drug reactions 
including falls, increased healthcare costs, health services utilization and hospital admissions. 
Various strategies, clinical guidelines and tools (explicit and implicit) have been developed to 
tackle this health concern. Despite these efforts, evidence still indicates a high prevalence of 
PIM in the older adult population. This systematic review explored the practice of using 
explicit tools to review PIM in hospitalized patients and examined the outcomes of PIM 
reduction. A literature search was conducted in several databases from their inception to 
2019. Original studies that had an interventional element using explicit criteria detecting PIM 
in hospitalized patients over 65 were included. Descriptive narrative synthesis was used to 
analyze the included studies. The literature search yielded 6116 articles; 25 quantitative 
studies were included in this systematic literature review. Twenty were prospective studies 
and five were retrospective. Approximately, 15,500 patients were included in the review. 
Various healthcare professionals were involved in reviewing PIM including physicians and 
hospital pharmacists. Several tools were used to review PIM for hospitalized patients over 
65, most frequently Beer’s criteria and the STOPP/START tool. The reduction of PIM ranged 
from 3.5% up to 87%. The most common PIM were benzodiazepines and antipsychotics. 
This systematic review showed promising outcomes in terms of improving patient outcomes. 
However, the reduction of PIM varied in the studies, raising the question of the variance 
between hospitals in the explicit tools used for review. Additional studies need to be 
conducted to further investigate the outcomes of reviewing PIM at different levels, as well 
as assessing the cost-effectiveness of using explicit tools in reducing PIM. 
Keywords: older population, adverse drug effects, drug review tools, PIM

Introduction
Potentially inappropriate medication (PIM) is a health concern that highly affects 
the quality of life for patients 65 years and over. Older patients who were prescribed 
such medication have experienced an increase in falls, adverse drug reactions,1,2 

healthcare costs, health services utilization and hospital admissions.3,4 PIM are 
defined as medications for which the risk outweighs the potential benefits.5

Many interventions have been developed to tackle PIM. As part of the daily 
routine in hospitals, physicians, pharmacists, and other healthcare professionals 
(HCP) have assumed the responsibility to reduce PIM in patients over 65. An 
observational study was conducted in France for 6 months to evaluate the routine 
care provided in a geriatric unit.6 The study confirmed that the usual care included 
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medication reviews done by geriatricians. This resulted in 
275 medication changes, with 158 medications stopped, 53 
medications replaced, and 64 new medications initiated. 
Notably, 132 (61.11% (95% CI = [54.61–67.61]) patients 
over 65 had at least one medication discontinued during 
their hospital stay. This study reflected the practice of 
optimizing older patients’ medication as part of routine 
care; however, the Hawthorne effect might have influenced 
the physician–patient communication.7 The changes in 
PIM prevalence during the hospital stay may indicate 
that HCP interventions contributed to PIM reduction. 
This was concluded by Laroche et al in a prospective 
study after the HCPs reduced PIMs by 22.4% during the 
older patients’ hospital stay.8 To further support that, a 
UK-based retrospective study was conducted in an acute 
hospital in England examining 195 patients over 65,9 

which revealed that the prevalence of PIM on admission 
was 26.7% with 74 PIMs detected in 52 patients; at dis
charge, the prevalence of PIM was 22.6% with 51 PIMs 
detected in 44 patients. A statistically significant change in 
PIM prevalence was found between PIM on admission and 
discharge. Additionally, the study disclosed that a small 
number of patients received a follow-up letter when pre
scribed a PIM. Similar findings were observed by 
Komagamine in his retrospective study, based on a hospi
tal database in Japan, which concluded that the number of 
PIM upon discharge was fewer than the number of PIM on 
admission, indicating a significant reduction rate (0.48 on 
admission vs 0.53 at discharge).10

An overview of systematic reviews that investigated 
interventions aimed at PIM reduction found that several 
interventions were employed to reduce PIM. These 
included medication review services, pharmaceutical inter
vention, computerized systems and educational 
interventions.11 The studies included in the overview 
were conducted in various health care settings such as 
hospitals, primary care clinics, nursing homes and long- 
term care facilities.

The tools to detect PIM can be categorized as implicit 
(judgment based), explicit (criteria based) or combined 
(both judgment and criteria based). Implicit tools contain 
questions that are designed to examine the effectiveness 
and safety of each medication such as the Medication 
Appropriateness Index (MAI). Explicit tools comprise a 
list of medications that are known, based on evidence, to 
be inappropriately prescribed to older patients. Examples 
of explicit tools are the Beers Criteria and the STOPP/ 
START tool (Screening Tool of Older Persons’ 

Prescriptions/Screening Tool to Alert to Right 
Treatment). Clinical expertise is needed to apply the 
tools with recommendations tailored to each patient.12

The Beers Criteria was produced in 1991 through a 
Delphi technique of 13 experts.13 The Beers criteria was 
recently update in 2019 through the Delphi method of 13 
experts (physicians, pharmacist, and nurses) who have 
already contributed to Beers criteria 2015 update. A litera
ture search in both PubMed and Cochrane Library was 
conducted to identify relevant literature. The literature 
search yielded 67 systematic reviews and/or meta-ana
lyses, 29 controlled clinical trials and 281 observational 
studies. This evidence went under review in a cycle of 
evaluation by the expert panel. Evidence evaluation was 
done through two approaches: the American College of 
Physicians (ACP) and the Grading of Recommendations 
Assessment, Development and Evaluation guidelines for 
clinical practice guideline development (GRADE). There 
were two criteria to assess the evidence which are quality 
of evidence (high–moderate–low) and strength of recom
mendation (strong or weak).

The STOPP/START tool was developed in 2008 and 
produced an update in 2015.14 The recent update was 
based on a literature search in three databases (PubMed, 
Embase and Cochrane Library) to find systematic reviews, 
randomised controlled trials and reviews. In addition to the 
literature search, British National Formulary (BNF) the 
National Institute for Health and Care Excellence (NICE) 
and the Scottish Intercollegiate Guidelines Network 
(SIGN) to search references of guidelines as well as recent 
published textbooks. The selected articles were categor
ized into the physiological systems after being assessed by 
the three members of the research team for their suitability 
as an evidence to be presented to the expert panel of 19 
experts from 13 European countries. The expert panel was 
not asked to read the full articles nor assess the evidence 
through standardised rating; however, abstracts of the evi
dence was presented, and reference bank was supplied to 
access full articles if needed. To enable online Delphi 
panel, SurveyMonkey® was utilized to achieved consensus 
through 5-point Likert scale (0 = do not know; 1 = 
strongly agree; 2 = agree; 3 = neutral; 4 = disagree; 5 = 
strongly disagree). It is worth to note that the expert panel 
were initially asked to comment on the 2008 version of 
STOPP/START and to reflect on its validity and relevance.

Although the literature suggests that PIM are identified 
through explicit tools during a patient’s hospital stay, there 
is a paucity of data as to when these explicit tools are used 
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within a hospital setting. This systematic review aimed to 
explore the practice of reviewing PIM in hospitalized 
patients over 65, using explicit tools. The objectives were:

● To explore the PIM review process in terms of the 
explicit tools used, HCP involved, stage of hospita
lization and resources utilized.

● To identify the common PIM and their clinical rele
vance in hospitals.

● To investigate the clinical and non-clinical outcomes 
of the PIM review.

Method
A systematic literature search was carried out from 
February 9 to February 13, 2019, using predefined search 
terms. The literature search was updated on 20th of April 
2021. This review was registered in PROSPERO under the 
registration number CRD42019131104.

Based on the research question “how do healthcare pro
fessionals review PIM in hospitalized 65 years and over 
patients using explicit tools and what are the outcomes of 
the review process?”, the PIO format is shown in Table 1.

The search terms were obtained from concepts of the 
research question, keywords of relevant articles and the 
search strategy of systematic reviews.15 The search terms 
were validated by the research team and an information 
manager. The search terms were piloted in PubMed and 
relevant data were found.16 The search term combination 
is detailed in Table 2. The search was restricted to English 
articles only; no filter was used to limit the studies in the 
selected period. The following databases were searched: 
PubMed, Scopus, PsycINFO, CINHAL plus, Web of 
Science, all Ovid journals and OpenGrey. All the results 
were exported to EndNote 9 as a reference manager and to 
eliminate duplication.

Selection
A set of predefined inclusion and exclusion criteria were 
constructed to answer the aim and objectives of this 
review (refer to Table 3). Two reviewers completed the 
title and abstract screening. Any disagreement was 

resolved by a discussion, then an agreed decision to 
include or exclude was reached.

Data Extraction
The data extraction form was developed (Appendix 1) and 
Microsoft Excel was used to extract and tabulate the data 
of the included studies. Two reviewers conducted the data 
extraction and extracted the following information:

1. Author and year of publication
2. Country and setting of the study
3. Study design
4. Number and characteristics of participant
5. Explicit tool used and applied by whom
6. Sources of data used to assist the decision
7. Primary and secondary outcomes (clinical and non- 

clinical outcomes)

Analysis
The review included all relevant data without limitations 
to specific study design, thereby including various types of 
quantitative studies.

The included articles were narratively synthesized. 
Narrative synthesis answers research questions that are 
about the effect intervention and the implementation of the 
intervention. A description of the included studies contained 
country, sample, tool used, number of PIM before and after 
tool application, and additional relevant results.

In this study, the latest version of the Mixed Method 
Appraisal Tool (MMAT)17 was used to evaluate the quality 
of the included studies. The first version of the MMAT in 
2006 was piloted and went through interrater reliability 
testing.18 It was revised in 2011 after being piloted in work
shops, which led to the addition of new criteria to assess 
nonrandomised studies. Version 2018 of the MMAT was 
subject to content validity and usefulness. In the recent 
update, usefulness testing through interviews with 20 pre
vious users was conducted to further improve the appraisal 
tool. In addition, a modified e-Delphi was conducted with 73 
experts in the fields different research methods as well as 
literature reviewer on critical appraisal tool.

Table 1 Population, Intervention, Outcome

Population Hospitalized 65 Years and Over Patients

Intervention Explicit tool application
Outcome PIM reduction (primary outcome) and clinical and non-clinical outcomes (secondary outcomes)
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An adjacent score was presented in this study to 
reflect the quality of the study. Two reviewers from 
the research team conducted the quality assessment. 
Any disagreement was discussed and the final decision 
was reported.

Results
The original literature search yielded 6116 articles and the 
updated literature yielded 1954 articles. The PRISMA flow 
diagram below describes the screening process used as shown 
in Figure 1. The included articles are summarised in Table 4.

Table 2 The Keywords Combination Used in Each Database for the Systematic Literature Review

Database Search Term

PubMed (((((((“Inappropriate polypharmacy“[Title/Abstract] OR polypharmacy[Title/Abstract])) OR potentially 
inappropriate medication list[MeSH Terms])) OR ((((“inappropriate medic*“[Title/Abstract] OR 

“inappropriate drug?“[Title/Abstract] OR PIM[Title/Abstract])) OR (“pharmacological 

inappropriateness“[Title/Abstract] OR “Potentially harmful medic*“[Title/Abstract] OR “Potentially harmful 
drug?“[Title/Abstract])) OR (“inappropriate prescribing”[Title/Abstract] OR PIM[Title/Abstract] OR 

”inappropriate prescribing”[Title/Abstract])))) AND (((((Elderly[Title/Abstract] OR ”older people”[Title/ 

Abstract] OR ”older patient?”[Title/Abstract] OR ”older adult?”[Title/Abstract])) OR (seniors[Title/ 
Abstract] OR ”65 years”[Title/Abstract] OR aging[Title/Abstract]))) OR ((aged[MeSH Terms]) OR (65 

years and over[MeSH Terms])))) AND (((hospital*[Title/Abstract] OR discharge[Title/Abstract])) OR 

(admitted[Title/Abstract] OR admission?[Title/Abstract] OR ”secondary care”[Title/Abstract])) Sorted by: 
best match

Scopus (TITLE-ABS-KEY (“pharmacological inappropriateness“ OR “harmful medication“ OR “inappropriate 
prescribing“ OR PIM “inappropriate medication“ OR “inappropriate medicine“ OR “ inappropriate drug“) 

OR TITLE-ABS-KEY (pim OR PIM OR “Inappropriate polypharmacy” OR polypharmacy) AND TITLE-ABS- 

KEY (elderly OR ”older people” OR ”older patient” OR ”older adults” OR seniors OR ”65 years” OR 
aged) AND TITLE-ABS KEY (hospital OR hospitalized OR admitted OR admissions OR ”secondary care” 

OR hospitalization)) AND (LIMIT-TO (LANGUAGE, ”English”))

CINHAL PLUS AB (“pharmacological inappropriateness“ OR “Potentially harmful medication“ OR ”inappropriate 

prescribing” OR PIM ‘inappropriate medication’ OR ‘inappropriate medicine’ OR ‘inappropriate drug’ OR 
PIM OR ‘Inappropriate polypharmacy’ OR Polypharmacy) AND AB (Elderly OR older people OR older 

adults OR seniors, 65 years and over OR aged) AND AB (Hospital OR hospitalized OR admitted OR 

admissions OR ”secondary care” OR hospitalization OR hospitalisation OR hospitalised)

All OVID journals, PsycINFO and 

Web of Science

((“Inappropriate medic*“ or “inappropriate drug“ or “pharmacological inappropriateness“ or “inappropriate 

prescribing“ or “inappropriate polypharmacy” or polypharmacy or PIM or PIM) and (elderly or 65 years or 
age* or ”older people” or ”older adults” or ”older patient” or seniors) and (hospital* or admission or 

admitted or discharge or ”secondary care”)).ab.

OpenGrey “Inappropriate polypharmacy“ OR polypharmacy OR “inappropriate medic*“ OR “inappropriate drug*“ OR 

PIM OR “pharmacological inappropriateness“ OR “Potentially harmful medic*“ OR “Potentially harmful 

drug*“ OR PIM OR ”inappropriate prescrib* AND elderly OR ”older people” OR ”older adult*” OR ”older 
patient*” OR senior* OR ”65 years” OR aged AND admissions OR ”secondary care” OR Hospital* OR 

hospitali* OR admitted lang:”en

Table 3 List of Inclusion and Exclusion Criteria Applied to the Resulting Articles

Inclusion Criteria Exclusion Criteria

● The included study can be either a qualitative or quantitative 

original study 

● Studies included should be focused on patients 65 years and over 
● The study should use an explicit tool to review potentially 

inappropriate medications 

● The included studies should be conducted in a hospital setting

● Studies conducted in nursing homes, emergency department and primary 

care were excluded. 

● Studies focused on terminal illness or end of life patients were excluded. 
● Non- English studies were excluded.
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Study Characteristics
Twenty-seven studies were included in this systematic litera
ture review, all of which were quantitative (Table 3). Most 
quantitative studies were prospective studies,20–42 with five 
retrospective studies.43–47 The prospective studies included 
six randomized controlled trials,20–25 one non-randomized 
controlled trial,26 and one ambispective non-randomized 
controlled study.27 Moreover, there was one pilot study,36 

three before-and-after studies,28–30 four observational 
studies,37,38–42 and nine interventional studies.31–35,38,39. 

Approximately 16,093 patients were included in the studies. 
Two papers did not state the number of participants.

Explicit Tools
A wide range of tools was implemented to review PIM in 
hospitalized older patients. Most studies used various ver
sions of the STOPP/START tool, which was originally 
developed in Ireland.21,22,27,29,33,37,39,47 This tool was 
used in studies conducted in Ireland, Belgium, India, 
Switzerland, Spain, and France. Beers criteria were 

Figure 1 Results and screening process according to PRISMA guidelines. 
Note: Adapted from Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ. 2021 Mar 29;372:n71.19
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implemented in six studies conducted in the United States, 
Belgium, Vietnam, Italy, Iran and Taiwan.24,30,31,43,45 Two 
studies used both STOPP/START and Beers criteria.32,36 

One study implemented the intervention using three dif
ferent tools STOPP/START, Beers criteria and PRISCUS 
list,35 and two studies used the FORTA list.23,25 Other 
tools were found to be used less frequently in reviewing 
PIM during hospital stay: the RASP, NORGEP, GheOP3S 
and STOPP-J tools. The RASP tool was used in a study 
conducted in Belgium,26 NORGEP was used in a study 
located in Norway,46 and the GheOP3S tool, originally 
designed for community pharmacy screening, was used 
in a Belgian study.41 STOPP-J was developed in Japan 
and was utilized in a Japanese study.40

The most adopted tools were STOPP/START and the 
Beers criteria. One study originating in Canada adapted 
STOPP/START and Beers criteria,20 two studies that 
adopted the Beers criteria were conducted in the United 
States and Canada,28,44 one study that adopted STOPP/ 
START was conducted in Swaziland34 and one study con
ducted in France adopted three tools, PRISCUS, Beers and 
the Laroche list, through a Delphi panel.42 Figure 2 sum
marizes the tools used in PIM review.

HCP Involved in PIM Review
HCPs from different specialties were involved in imple
menting the intervention including physicians, hospital or 
clinical pharmacists, geriatricians, nurses, physical thera
pists, psychologist dietitians, occupational therapists, phy
sical therapists, and speech therapists, with hospital or 
clinical pharmacists conducting the review in most studies 
(19 out of 27).20,24,26,27,30,33,35,36,38,39,41–44,46,47 In three 
studies, the physician used the STOP/START tool22 or 
the FORTA list.23,25 Three studies involved an interdisci
plinary team: one included two hospital pharmacists and 
two geriatricians,42 another included nurses, geriatricians, 
dietitian, occupational therapist, physical therapist, speech 
therapist and a psychologist,21 while the other team con
sisted of a geriatrician and psychiatrist.34 The use of a 
computerized system instead of HCP to detect PIM was 
observed in two studies,28,45 and two studies did not report 
the HCP involved in implementing the intervention.29,37

PIM Review Process and Stage of 
Implementation
The application of explicit tools to reduce PIM during 
hospitalization was observed on admission (within 48 

hours of hospitalization) and during the hospital stay, but 
not on discharge. Ten studies applied explicit tools on 
admission,21,22,26,28,29,31–33,35,40 nine studies during the 
hospital stay,20,23,24,30,34,36,37,46,47 and several studies did 
not report the stage of hospitalization in which the HCP 
used the tools.25,38,39,41–45

The HCPs involved in PIM detection based their 
decision on several sources, and any limitations in 
these sources may influence their clinical decisions. 
Several studies used only medication history and medi
cation reconciliation26,29–31,33,39,42 while other studies 
depended on medication history and interviews with 
the patient or caregiver,27,32,36,47 and one article added 
a GP or community pharmacy contact.22 One study 
designed a collection book to record relevant data 
including medication list, lab values, vital signs and 
medical diagnosis.37 Four studies used clinical examina
tion, medical records and reason for admission in addi
tion to the medication history and interview with patient 
and caregiver.20,35,41,46 Five studies based their decision 
on patient specific data such as the Mini-Mental State 
Examination (MMSE), functional dependency, malnutri
tion, the Katz activities of daily living scale or the 
Charlson cumulative comorbidity index.21,23–25,34 

Studies using a computerized system relied mainly on 
the patient profile in the system.20,28,44,45 One study did 

Figure 2 Explicit tools that were utilized to review elderly patients’ medication in 
hospitals.
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not report the type of data used to make their decision 
of PIM.38

The HCP or team included the medication list and other 
sources in the intervention review and communicated their 
recommendation verbally or in writing. In eight studies, the 
PIM was detected using explicit tools and the recommenda
tions were communicated orally to the attending physician,
20,21,24,26,33,35,36,44 while in four studies, the PIM was 
communicated in written form.27,39,41,42 Two studies commu
nicated the recommendation verbally and written to the attend
ing physician.31,32 Two studies used a computerized system to 
review PIM and communicated with the physician through an 
alert system,28,45 while in the other two studies, the computer
ized system and was assessed by the hospital pharmacist to 
detect PIM and the results communicated verbally to the 
attending physician.20,44 The remaining studies did not specify 
how the recommendations were communicated to the 
physician.22,23,25,29,33,34,37,38,40,43,46–48

Communicating the PIM review interventions to the 
GP was observed in two studies,26,34 with one study pro
viding a letter to the patient or caregiver.27 The other study 
provided both the GP and the patient or caregiver with 
PIM changes made during hospitalization.24

Intervention Outcomes: PIM Reduction
Two main methodologies were used to express the 

outcome of the intervention: the percentage of physician 

acceptance of intervention and/or the percentage of PIM 
reduction. Five studies measured the intervention outcome 
as the percentage reduction in PIM,26,27,29,38,44 with the 
reduction of PIM ranging from 3.5% up to 87% (Figures 3 
and 4). The study associated with the highest PIM reduc
tion was conducted by the hospital pharmacist, and the 
intervention was communicated to a team of three geria
tricians and two clinical pharmacists.27 The lowest PIM 
reduction was observed in two studies in which the hospi
tal pharmacist detected the PIM and it was sent to the 
attending physician.38,44

Physician acceptance of hospital or clinical pharmacist 
intervention varied from 36% to 92.5%, while interven
tions recommended by the physician generally were more 
accepted than those of the hospital or clinical pharmacist 
(91%) (Figure 5).

Seven studies used the STOPP/START tool and reported 
the potential prescribing omission (PPO).22,27,33,34,37,39,47 

PPO were detected in 69 of 382 participants,22 195 of 210 
patients,37 90 of 81 participants,39 and 397 of 346 
participants.27 The highest acceptance rate was for PPO 
recommendations conducted by a physician at 97%, and 
the lowest rate of recommendation acceptance was 33.5% 
in a study conducted by a clinical pharmacist.

Two studies conducted in the United States and Canada 
measured the time required to complete the PIM review. 
One used a computerized system, and the mean time 

Figure 3 Percentage of PIM reduction in hospitals with the tools used.
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necessary to evaluate PIM was 41 ± 16 minutes per 
patient,20 while the other study was a pharmacist-led inter
vention and needed 49 ± 16 minutes per patients to fully 
complete the PIM review.36

Common PIM and Clinical Relevance
Sixteen articles identified the most commonly detected 
PIM,22,26–28,30,31,33,36,37,39–43,45,46 with benzodiazepines 
being the most common,27,30,31,33,36,41–43,45,46 followed 
by antipsychotics.33,37,41–43 Other common PIM included 
proton pump inhibitors (PPI),22,26 digoxin,45 

NSAID,30,37,40 and anticholinergics.28,36,41,46

Two studies measured the clinical relevance of the 
recommendations by tools in the hospitalized older 
patients.21,41 A study evaluated the relevance of the 
GheOP3S tool by two criteria: 1) by the severity of the 
detected PM, which was evaluated by the treating geria
trician depending on the impact of ADR that could result if 
the clinical pharmacist did not intervene, and 2) the value 
of the clinical pharmacist recommendations using a vali
dated patient specific scoring system.41 In the first evalua
tion of clinical relevance, it was shown that 182 (73%) of 
PIMs were serious and 67 (27%) were classified as 
significant.41 The second evaluation of clinical relevance 
found six items (2%) classified as very significant and 235 

(94%) as significant. The second study used the STOPP/ 
START tool and three experts evaluated the clinical rele
vance (geriatrician, GP and clinical pharmacist) using a 6- 
point scale system (minor: no benefit or minor benefit; 
moderate: improvement of the appropriateness of the 
level of practice or prevention of an adverse drug event 
of moderate importance; major: prevention of serious mor
bidity—including readmission—and serious adverse drug 
event; extreme: life-saving; deleterious: increased risk of 
health adverse event; non-applicable).21 The experts had 
access to the patient file to rate the recommendations 
independently and then discuss the discrepancies.21 The 
expert panel classified as major: 29%, moderate: 37, 
minor: 5%, deleterious 8%.21

Clinical and Non-Clinical Outcomes
Out of 25 studies included in this review, 8 examined the 
clinical effect of PIM reduction.20,22,27,28,30,33–35 Only one 
study looked at non-clinical effect, cost, of PIM 
reduction.16

Clinical Outcomes
PIM Reduction and Activities of Daily Living (ADL)
The ADL was measured by three articles,23,25,27 with one 
study reporting that non-statistically significant differences 

Figure 4 Description of PIM reduction before and after tool implementation by HCP in hospitals.
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were found between ADL in the intervention and control 
groups (Barthel Index 70 in control and 80 in intervention 
group P<0.220).23 Two studies found a statistically signif
icant relation between PIM reduction and improved 
ADL.25,27

PIM Reduction and Falls
The effect of reducing PIM in falls in older hospitalised 
patients was documented in three studies.22,23,26 Falls were 
lower in the intervention group; however, none of the three 
studies reported a statistically significant change in falls 
after the PIM reduction.

Hospitalization and Readmission
A number of studies measured the impact on hospital 
stay,20,22 in-hospital mortality,20,26,29 ED visits,20,27,33 and 
readmissions20,24,26,29 as well as GP visits.22 Two studies 
found a non-statistically significant link between PIM 
reduction and hospital stay.20,22 Similarly, a non-statisti
cally significant link between PIM reduction and in-hospi
tal mortality was reported in three studies.20,26,29 Four 

studies assessed the impact of PIM reduction on hospital 
readmission, and all four reported no statistical difference 
in hospital readmission between the intervention and con
trol groups.20,24,26,29 Similarly, studies evaluating the asso
ciation of ED visits and PIM reduction reported no 
difference or minimal difference, not statistically signifi
cant, between older patients in the intervention and those 
who were in the control groups.20,24,26 One study assessed 
GP visits and their relation to PIM reduction and reported 
that patients in the intervention group had fewer GP visits 
compared to patients in the control group; however, it was 
not statistically significant (P=0.063).22

Non-Clinical Outcomes
Assessing the cost associated with each intervention was 
rarely addressed in the literature, with one study measur
ing the total cost saving resulting from reducing PIM in 
terms of healthcare resources utilisation and medication.36 

The study reported that the cost saving from the clinical 
intervention yielded approximately £63,000–144,000 as 
well as £68,000 annual medication savings.36

Figure 5 The percentage accepting the recommendation for PIM reduction.

Drug, Healthcare and Patient Safety 2021:13                                                                                   https://doi.org/10.2147/DHPS.S303101                                                                                                                                                                                                                       

DovePress                                                                                                                         
205

Dovepress                                                                                                                                                    Alshammari et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Discussion
This systematic review presented data from 25 studies that 
examined PIM review using explicit tools in hospitalized 
patients over 65 years old. This review specifically 
explored the explicit tools used in reviewing older patient 
medication in hospitals, which is usually done on admis
sion and during the hospital stay. The hospital or clinical 
pharmacist was often found to review the medication of 
older patients. Variable PIM reduction percentages were 
reported by studies in this review.

In this review, several tools were identified as being 
used to detect PIM, with the STOPP/START tool being the 
most common. One reason for the preference of the 
STOPP/START tool over other tools might be the avail
ability of a START list, which includes medications that 
should be prescribed for older adults. Moreover, STOPP/ 
START tools have been shown to have higher PIM detec
tion and higher clinical relevance than Beers criteria.48 

However, another comparison study examined the detect
ability of PIM comparing two tools, STOPP/START and 
PIM-check, revealing that PIM-check detected three times 
more PIM than STOPP/START.43 This could be due to the 
fact that the PIM-check tool was developed by an interna
tional panel of experts, which may add another dimension 
to the detectability of PIM in research done in a country 
other the one where the tool was developed. A number of 
explicit tools were designed be used in a specific health
care setting, but they are still effective in reducing PIM in 
other than the intended settings. For example, the Beers 
criteria were specifically designed to be used in nursing 
homes, but when it was used in hospitals, a statistically 
significant reduction in PIM was noted,38 even when it 
was integrated with a computerized system.45 In addition, 
the GheOP3S tool was proposed to be used in community 
pharmacies, but when it was applied in a hospital setting, it 
resulted in the physician accepting 52% of the recommen
dations, comparable to the acceptance rate of the STOPP/ 
START tool.33 Nonetheless, careful adoption of explicit 
tools needs to be considered in healthcare settings other 
than those for which the tool was designed.24 Only two 
studies in this review have utilized the computerised auto
matic PIM detection. This could highly aid the HCP in 
PIM detection in hospitalized elderly. Future studies need 
to consider investigating the outcomes of the application 
of such automatic PIM detection in daily practice.

Another finding of this review is the point at which the 
PIM review occurred during hospitalization: on admission 

or during hospital stay. Several studies did not disclose 
when the PIM review took place, highlighting the lack of 
information regarding the most appropriate time to review 
PIM during hospitalization. It is difficult to recommend 
when the right time to detect PIM would take place 
because each point of the hospital journey has its pros 
and cons. For example, a full medication history is per
formed on admission, allowing identification of the causa
tive agent that precipitated the admission.49,50 However, 
conducting the review during the hospital stay could help 
in improving the prescribing practice; many studies proved 
that the PIM increases during hospital stay.51,52 Among the 
various healthcare settings, hospital stay can be identified 
as the best place where PIM can be reviewed,49 because if 
there is a need to stop a PIM, the patient can be monitored 
by the HCP. The inpatient environment is considered one 
of the facilitators for deprescribing in hospitals, as the 
availability of resources and the patient mentioning to 
ensure safe deprescribing.53 Additionally, geriatricians 
and hospital pharmacist acknowledge their role to be 
more proactive and responsible in avoiding harm to 
patients. A study was done in a hospital in the UK to 
investigate whether medication reviews in a hospital lead 
to deprescribing of medications related to increase the risk 
of falls.54 The study recruited 100 patients over the age of 
70 who were admitted due to falls, and these patients were 
followed prospectively. Medication reconciliations were 
done by pharmacists for 80% of the patients, and medica
tion reviews were done for 86% of the patients. There are 
a number of patients (2%) that the doctor documented 
“review” to the pharmacist, but it was not carried out. 
Sixty-five out of 100 elderly patients were on medications 
that increased the risk of falls. After a comprehensive 
medication review, fall-risk medications of 23 of the 65 
patients were reduced. After applying an analysis of the 
data, the medication review by the pharmacist was found 
statistically significant in reducing the fall-risk medica
tions (P = 0.002).54 Deprescribing in 65 years and over 
inpatients shows promising outcomes as concluded 
Grazarin and colleagues study that was aimed at evaluat
ing inpatient deprescribing initiatives.55 These studies 
emphasise how the hospital could be an opportunity to 
reduce PIM through collaborative work between physi
cians and pharmacists. On the other hand, a qualitative 
study reported that some physicians in primary care 
express some concerns regarding potentially adverse out
comes and follow-up from deprescribing and fast pace in 
daily practice.56
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This review identified that physicians, pharmacist, and 
multidisciplinary teams are involved in the PIM review 
process in hospitals. Similarly to what was obtained in 
Thomas and Thomas (2019) review and Santos and collea
gues (2019) review.11,57 To optimize the care of hospitalized 
elderly, HCPs need geriatric pharmacotherapy programs 
and training.58,59 Another important consideration is treat
ing the patient in a holistic manner, as some physicians and 
specialist tend to focus their efforts on managing the acute 
state and reason for hospitalization.58,60,61

The reduction of PIM varied between studies, ranging 
from 3.5% up to 85%, and the recommendation acceptance 
ranged from 36% up to 93%. It is interesting to note that 
the physician has a higher PIM reduction and recommen
dation acceptance than the pharmacist, which may indicate 
a lack of effective communication.62 Additionally, the 
power dynamics might influence the relationship between 
pharmacists and physicians,63 as some physicians lack 
knowledge about the professional role and job description 
of the pharmacist. A possible way to strengthen the phar
macist–physician relationship is through a simulation 
involving face-to-face pharmacist and physician 
interaction,64 which could also increase the pharmacists’ 
confidence, helping them to be more proactive in colla
boration with the physician. Physicians prefer face-to-face 
communication in terms of providing recommendations, as 
evident from a semi-structured interview:

The pharmacist comes and writes a note for you, but it’s 
not done face to face, and it actually is a bit antagonistic if 
anything …. having post-it [notes] stuck on things saying 
please review this, please review that, we all hate notes, 
everyone hates it, so I think that could be done better. So 
more pharmacy input, but more integrated pharmacy 
input.59 

The method in which the recommendation is communi
cated to the physician is either written or verbal and could 
affect whether or not the recommendation status is 
approved.

Several explanations could elucidate the variation in 
PIM reduction. Firstly, the suitability of the explicit tool in 
the practice or setting. Advanced health care systems may 
reflect less PIM reduction as their practice is optimised by 
the guidelines and policies. Similarly, with geriatric hospi
tals or geriatric wards. The availability of the alternatives 
medications to PIM could lead to higher reductions. One 
of the influential aspect in the management and reduction 
of PIM is the patient choice as some of them might be 

physiologically attached to the prescribed medication. Fear 
and concerns are considered barriers to the reducing of the 
elderly’s medication as some of the elderly fear that they 
might miss the benefits of the deprescribed medication in 
the future.65–67 Another aspect that might hinder the depre
scribing is related to patient expectations, as they are 
unfamiliar with the process of reducing instead of adding 
medication.65–68 One of the studies pointed out the influ
ences on willingness to deprescribe, which could be carers 
or friends that have unsuccessfully stopped their 
medication.64 This will negatively influence the amount 
of medication stopped by physicians, which may reflect 
the variation in PIM reduction in this review.

Effective communication between primary care clinics 
and hospitals is essential for continuous healthcare.69 In 
several studies, the GP reported lack of sufficient information 
in discharge letters.70,71 Providing a letter to the patient and 
the GP indicating the changes and reasons behind stopping 
PIM is important so as not to reinitiate what was already 
discontinued. Engaging and empowering the patient will also 
help to sustain the changes, since many patients are reluctant 
to change or stop their medications.59 Additionally, improv
ing the communication between hospitals and GPs is essen
tial to increase patient safety.50,72 This can be improved by 
using a form that includes all vital information that needs to 
be sent to the GP.

The present review confirmed that only a few studies 
highlighted the clinical outcomes of PIM reduction. It was 
noted that reducing PIM was associated with improved ADL, 
fewer falls, fewer readmissions, and fewer GP visits. These 
findings were similar to what was reported by Hill-Taylor 
et al (2013) in a review that aimed to examine the impact of 
the STOPP/START tool application.73 The limited number of 
studies measuring PIM reduction clinical outcomes could be 
due to the nature of outcomes, which is often hard to evalu
ate. Additionally, it requires considerable effort of observa
tion and reporting which could be labour and time 
consuming. Moreover, loss of follow-up could be one of 
the limitations investigating the clinical outcomes of PIM 
reduction. Despite that, it is vital to assess those outcomes to 
support deprescribing PIMs. Future studies need to address 
the clinical outcomes of such interventions.

It is worth noting that some of the study findings were 
not statistically significant. Confidence intervals and P 
values in the studies helped in assessing the clinical sig
nificance of the study results74; however, these statistical 
tools aid the decision but do not make the decision. Some 
effects are not statistically significant, but clinically, they 
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can make a meaningful difference to the patient’s health.75 

For a careful clinical decision and to deeply understand the 
impact of PIM reduction, more studies are required to 
investigate both the short- and long-term effects of redu
cing PIM as well as the economic aspect of this 
intervention.

Strengths and Limitations
This systematic review explored the application of different 
explicit tools in hospitals to review PIM, narratively synthe
sising the data to allow the identification of key aspects of the 
application of the explicit tools in the hospital, such as 
whether the HCP was involved in PIM review and what 
tools were utilized, the stage of hospitalization in which the 
PIM review occurred, as well as the clinical relevance of the 
PIM detected. In addition, numerous gaps and areas for 
future studies were noted. There were some limitations at 
the methodological level that are common in this kind of 
review, since non-English articles were excluded. The studies 
included in this review were located mostly in Europe and the 
United States, where the healthcare systems are more devel
oped compared to other countries. In terms of analysis, 
studies used different methods to express the outcomes of 
the PIM review, so it was not possible to pool the data and 
perform statistical analysis for a meta-analysis.

Conclusion
PIM is a serious healthcare issue for older patients and can 
be improved through various means such as the use of 
implicit or explicit tools. This systematic review explored 
the practice of reviewing PIM in hospitalized patients 
using explicit tools, which showed promising outcomes 
in terms of improving PIM. Future studies need to con
sider the application of explicit tools in other healthcare 
settings setting to confirm the findings. PIM reduction is 
linked to better overall health of older patients and has a 
positive influence in reducing falls. Nonetheless, more 
studies need to be conducted to further investigate the 
outcomes of reviewing PIM at different levels, as well as 
assessing the clinical and cost-effectiveness of using such 
tools to minimize PIM.
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