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Paul M. Tulkens, MD, PhD�z

OBJECTIVES: To evaluate the effect of pharmaceutical
care provided in addition to acute Geriatric Evaluation
and Management (GEM) care on the appropriateness of
prescribing.

DESIGN: Randomized, controlled trial, with the patient as
unit of randomization.

SETTING: Acute GEM unit.

PARTICIPANTS: Two hundred three patients aged 70 and
older.

INTERVENTION: Pharmaceutical care provided from
admission to discharge by a specialist clinical pharmacist
who had direct contacts with the GEM team and patients.

MEASUREMENTS: Appropriateness of prescribing on
admission, at discharge, and 3 months after discharge,
using the Medication Appropriateness Index (MAI), Beers
criteria, and Assessing Care of Vulnerable Elders (ACOVE)
underuse criteria and mortality, readmission, and emergen-
cy visits up to 12 months after discharge.

RESULTS: Intervention patients were significantly more
likely than control patients to have an improvement in the
MAI and in the ACOVE underuse criteria from admission
to discharge (odds ratio (OR) 5 9.1, 95% confidence inter-
val (CI) 5 4.2–21.6 and OR 5 6.1, 95% CI 5 2.2–17.0,
respectively). The control and intervention groups
had comparable improvements in the Beers criteria.

CONCLUSION: Pharmaceutical care provided in the
context of acute GEM care improved the appropriate use
of medicines during the hospital stay and after discharge.
This is an important finding, because only limited data exist
on the effect of various strategies to improve medication use
in elderly inpatients. The present approach has the potential
to minimize risk and improve patient outcomes. J Am
Geriatr Soc 55:658–665, 2007.
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Inappropriate use of medicines in elderly patients is of
major concern to clinicians and public health authorities.

Drug-related problems are implicated in 10% to 30% of
hospital admissions in older people.1–4 Moreover, adverse
drug reactions occur during hospital stays in up to half of
these patients.3 A recent study found that 42% of elderly
inpatients were prescribed at least one drug without valid
indication and that dosage or duration was inadequate in
about half of these patients.5 Conversely, medicines for
conditions such as heart failure or osteoporosis remain
underused in 20% to 70% of patients.6,7 Medication errors
are also frequent during transition between acute and post-
acute care, partly due to incomplete discharge instructions.8

Although geriatric evaluation and management (GEM)
programs have been shown to decrease mortality and
improve functional status in the hospital and around
discharge,9 their effect on the quality of drug use has been
less studied. Early studies reported some effect on limited
aspects of overuse or misuse.10,11 A more-recent evaluation
showed that inpatient geriatric care reduces suboptimal
prescribing,12 although improvements were only partially
maintained after discharge, and the added value of clinical
pharmacists in the GEM team was not evaluated.

Involving pharmacists in drug therapy is perceived as
an effective means of improving patient care.13 However
most pharmacist-based intervention studies with elderly
persons have been performed in primary care.14 The few
published studies with inpatients carry two limitations;
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macology, Université catholique de Louvain, Brussels, Belgium; §Department
of Geriatric Medicine, Mont-Godinne University Hospital, Yvoir, Belgium;
kSchool of Pharmacy, University of Hertfordshire, Herts, United Kingdom;
zInstitute for Human and Social Sciences, Université de Liège, Liège, Belgium;
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outcome measures were incomplete with respect to overuse
and misuse and did not include underuse,11,15 and the in-
tervention concerned limited aspects of pharmaceutical
care, such as discharge planning,10,15 or focused on a single
class of drug.16 In the present study, a prospective, ran-
domized design was used to examine the effect of pharma-
ceutical care provided in addition to acute GEM care on the
appropriateness of prescribing for elderly patients during
admission and after discharge.

METHODS

Setting

The study was conducted at the acute GEM unit of a uni-
versity teaching hospital (Mont-Godinne, Yvoir, Belgium).
The unit has 27 beds and admits patients aged 70 and older
who present with acute geriatric problems. A multidisci-
plinary team composed of two geriatricians (trained in
geriatric pharmacotherapy), two residents (rotating twice
a year), nurses, two physiotherapists, a social worker,
a psychologist, and an occupational therapist care for
patients. Medical care, rehabilitation, and discharge plan-
ning are provided.

Patients

All patients admitted to the unit between November 2003
and May 2004 were evaluated for eligibility. Exclusion cri-
teria were terminal illness and a life expectancy of less than
3 months; refusal to participate; expected length of stay of
48 hours or less; pharmacist unable to perform an abstract-
ed chart within 3 days of admission because of time con-
straints; patient transferred from another acute unit where
he or she had been cared for by geriatrician(s); and inclusion
during previous admission.

Randomization

Patients were randomized to receive GEM care (control
group) or pharmaceutical care in addition to GEM care
(intervention group). Randomization was alternate and
stratified for age (o85 vs�85), number of prescribed med-
icines (o5 vs�5), and identity of the resident in charge of
the patient. A pharmacist external to the main study
checked inclusion criteria and assigned participants to their
groups. Because of the nature of the project, the physicians
were not blinded to group assignment.

Ethical Considerations

The ethics committee of the institution approved the study
protocol. Informed written consent was obtained from each
participant (or from a relative if patient unable to give
consent). The absence of pharmaceutical care in the control
group was considered acceptable, because clinical pharma-
cy was not part of the standard of care in the institution.

Baseline Data Collection

The clinical pharmacist (AS, main investigator) performed a
medical record review and an interview with each patient or
caregiver to determine demographic characteristics, clinical
status, and medications. The Charlson comorbidity score
was calculated.17 Cognitive impairment was defined as a

diagnosis of dementia or the identification of cognitive
problems without dementia. Patients without confusion or
severe dementia were asked to rate their global health status
on a 5-point Likert scale.

Intervention

The intervention consisted of a clinical pharmacist (AS)
providing pharmaceutical care from admission to discharge
according to a validated scheme described in detail else-
where.18 Pharmaceutical care involves the process through
which a pharmacist cooperates with a patient and other
professionals in designing, implementing, and monitoring a
therapeutic plan that will produce specific therapeutic out-
comes for the patient.19 Briefly, the pharmacist was present
on the unit 4 days per week, participated in medical and
multidisciplinary rounds, had direct contact with patients
and caregivers, and had access to patient medical records.
For every patient, the pharmacist performed a medication
history on admission and prepared a patient record
with clinical and pharmaceutical data. The appropriate-
ness of treatment was analyzed, and a pharmaceutical
care plan was prepared. Whenever an opportunity for
optimization was identified, the pharmacist discussed that
opportunity with the prescriber, who could accept or reject
the intervention. Furthermore, the pharmacist answered all
questions that healthcare professionals asked about medi-
cations. At discharge, the pharmacist provided written and
oral information on treatment changes to the patient or
caregiver, as well as written information to the general
practitioner. The intervention therefore involved a compre-
hensive pharmaceutical care approach that was not limited
to applying the Medication Appropriateness Index (MAI),
Beers criteria, and Assessing Care Of the Elderly (ACOVE)
criteria (see below).

Primary Outcome Measure

Appropriateness of prescribing was measured on admission
and at discharge. A combination of three measures that
encompassed overuse, misuse, and underuse was used.

First, the MAI was selected, because it is currently the
most comprehensive instrument to evaluate appropriate-
ness. The MAI consists of 10 criteria. For each criterion, the
index has operational definitions, explicit instructions, and
examples, and the evaluator rates whether the particular
medication is appropriate, marginally appropriate, or in-
appropriate.20 The ratings generate weighted scores that
serve as summary measures of prescribing appropriateness
(0–18 per drug; higher scores indicate greater degrees of
inappropriateness; the summated patient score can be ob-
tained by summing up the MAI score of all drugs prescribed
to an individual patient).21 The instrument was tested be-
fore the study, and good interrater reliability was found
after making minor modifications to improve clarity and
understanding (overall kappa value 5 0.84).22 The main
investigator evaluated the prescribing of all regularly sched-
uled medications at baseline (in a blinded way) and then at
discharge. Discharge evaluations were unblinded because of
the unavailability of a local clinical pharmacist unrelated to
the study and with adequate knowledge and skills in ger-
iatric pharmacotherapy, yet a comparison with ratings by a
blinded Canadian clinical pharmacist (LM) for a sample of
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15 patients showed that there was no bias toward more-
favorable and -unfavorable ratings for intervention and
control patients, respectively.

Second, the use of drugs that should be avoided in older
people was assessed using the 1997 Beers criteria23 and
selecting eight (classes of) drugs from the original list based
on their inclusion in the hospital formulary (amitriptyline,
anticholinergic antihistamines, dipyridamole, ergot mesylo-
ids, indomethacin, long-acting benzodiazepines, oxybuty-
nin, and propoxyphene). This measure was selected in
addition to the MAI to enable comparisons with published
data. In addition, the use of benzodiazepines was examined
in patients with at least one fall in the previous 6 months, as
proposed in the most-recent criteria.24

Third, seven ACOVE criteria relative to underuse were
selected, because the MAI does not detect underuse and
because high levels of underuse were identified in previous
studies.6,7,25–28 The ACOVE criteria are process measures
of quality of care for vulnerable older people.29 Underuse
indicators are expressed as follows; if there is a certain
condition, then the patient should receive a certain drug,
unless contraindicated. Additional instructions were devel-
oped on the contraindications (available upon request).
These were based on previous publications30–32 and on
minor adaptations related to local considerations. An in-
appropriate rating was given if the patient had the condition
of interest and no contraindication to receiving the
medication, but did not receive it, or the patient had the
condition and received the medication but had a contrain-
dication to receiving the drug. Two blinded pharmacists
(GC and CG) who were not involved in patient care inde-
pendently performed all Beers and ACOVE measures.
When ratings differed, they reexamined and discussed the
data to reach a consensus. They also recorded whether
medication improvements made during admission were
maintained after discharge (see below).

Secondary Outcome Measures

Because polymedication is not a valid measure of appro-
priate prescribing, a measure of unnecessary drug use was
used instead (defined as patients who received an inappro-
priate rating for indication, efficacy, or therapeutic dupli-
cation with the MAI).33 Prevalence was evaluated on
admission and at discharge.

Additional outcome measures were collected after
discharge. All patients were followed up 1 month,
3 months, and 1 year postdischarge through telephone calls
performed by two trained hospital pharmacists (SA and SB)
who were blinded to group assignment and not involved in
patient care. One of these two pharmacists (SA) and the
main investigator (AS) developed the questionnaire. Data,
which the person preparing the medications (patient or
caregiver) provided, included the following: mortality,
readmission or visit to an emergency department (double-
checked with the hospital record when applicable),
medications taken, and satisfaction with the information
received on medications during admission (1-month post-
discharge, using the following scale: satisfied, moderately
satisfied, not satisfied).

Contamination (Educational Bias)

Because the same physicians were caring for control and
intervention patients, contamination of control patients
was possible. To assess this bias, two investigators (GC and
CG) applied the Beers and ACOVE criteria to a random
sample of 90 patients admitted to the unit 1 year before the
study (November 2002 to May 2003). This sample is called
here the ‘‘historical control group.’’ The MAI could not be
applied because of insufficient data in the medical record.
Patients were excluded if a discharge letter was lacking, if
information was missing about the drugs taken, or if the
patient died before discharge.

Table 1. Patient Characteristics

Characteristic Control (n 5 90) Intervention (n 5 96) P-value

Demographic
Age, mean � SD 81.9 � 6.2 82.4 � 6.9 .62
Female, % 66.7 71.9 .53
Community-dwelling, % 66.7 71.9 .53
Living alone, % 24.7 26.0 .87

Clinical and functional status
Charlson comorbidity score, mean � SD 2.0 � 1.5 2.0 � 1.6 .82
Cognitive impairment, % 46.7 43.8 .77
�1 fall within previous 6 months, % 74.4 70.2 .61
�1 hospital admissions within previous 6 months, % 31.1 36.5 .54
Need for support for�1 activities of daily living, % 56.7 59.4 .65

Self-rated health, % (n 5 61) (n 5 57)
Good to excellent 32.8 42.1 .58
Fair 57.4 49.1
Poor 9.8 8.8

Pharmaceutical data, mean � SD
Prescribed drugs 7.3 � 3.3 7.9 � 3.5 .28
Daily administrations� 9.7 � 4.8 10.0 � 4.7 .71

�One administration was defined as the intake of one medicine at a given time during the day (e.g., 1 tablet of X in the morning and 2 tablets of Y in the evening 5 2
daily administrations).
SD 5 standard deviation.
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Statistical Analysis

A sample size of 90 patients per group was required to have
80% power to detect a 20% absolute improvement in
ACOVE and Beers criteria at a two-sided .05 significance
level and assuming a response rate of 0.2 in the control
group. Twenty-eight patients per group would provide 90%
power to detect an effect size of 0.9 on the MAI.34 The
sample size was finally set to 100 patients per group to
account for loss of participants due to dropout and death.

Study groups at baseline were compared using chi-
square or Fisher exact tests for categorical variables, the
Student t test for normally distributed continuous variables,
and the Wilcoxon rank sum test for nonnormally distrib-
uted variables. Baseline and discharge ratings were com-
pared within groups, using nonparametric related-sample
tests. A Pearson chi-square test was used to detect a signif-
icant difference between the probabilities of improvement
of the MAI score in the control and intervention groups.
When conditioning on a baseline categorical covariate was
required, the Cochran-Mantel-Haenszel test was used, and
the homogeneity of the (log) odds ratios across strata was
checked using the Breslow-Day test. These procedures were
applied to detect an improvement in the Beers criteria con-
ditionally on an age indicator and the ACOVE criteria

conditionally on the number of conditions with omitted
drug on admission. When necessary, a Fisher exact test was
preferred to the Pearson chi-square test in sparse contin-
gency tables. Similar results were obtained using singular
logistic regression (to compare the proportion of patients
with at least one improvement) and the t test and Wilcoxon
rank-sum test (to compare mean differences on admission
vs discharge between control and intervention groups). In
each test, statistical significance was considered to be .05.
Statistical analyses were performed using SPSS Statistical
Software 13.0 (SPSS Inc., Chicago, IL).

RESULTS

Patient Characteristics

Figure 1 summarizes the flow of patients entered into the
study and analyzed for the primary and secondary outcome
measures. No significant differences were present in the
characteristics of patients at baseline (Table 1). The per-
centages of patients for whom data were available after
discharge were as follows: at 1 month, 98% (88/90) of
control and 99% (95/96) of intervention patients for clin-
ical data and 84% (72/86 patients alive) of control and
83% (79/95 patients alive) of intervention patients for

Patients admitted between 
November 2003 and May 2004;
Assessed for eligibility (n = 300)

Excluded (n = 97)

Inclusion during previous admission (n = 27)
No time for pharmacist to perform abstracted chart and MAI 
within 3 days (n = 23)
Transfer from other unit where the geriatric team had already
cared for the patient (n = 23)
Terminal illness (n = 11)
Expected length of stay <48 hours (n = 10)
Refusal to participate (n= 3)

Randomly assigned (n = 203)

Allocated to usual care (n = 100)

MAI, Beers, ACOVE evaluations

Lost to follow - up (n = 10)

Patient transferred to other unit (n = 5)
Patient died (n = 5)

Completed in - hospital phase (n = 90)

MAI, Beers, ACOVE evaluations

Allocated to intervention (n = 103)

MAI, Beers, ACOVE evaluations

Lost to follow - up (n = 7)

Patient transferred to other unit (n = 2)
Patient died (n = 5)

Completed in - hospital phase (n = 96)

MAI, Beers, ACOVE evaluations

Follow -up after discharge

- 1 month (n = 88)
- 3 months (n = 86) secondary outcome
- 1 year (n = 83) measures

Follow -up after discharge

- 1 month (n = 95)
- 3 months (n = 94) secondary outcome
- 1 year (n = 89) measures

Figure 1. Flow of patients through the trial. Dotted arrows followed by italics refer to the evaluations performed (primary and
secondary outcome measures). ACOVE 5 Assessing Care of the Vulnerable Elderly; MAI 5 Medication Appropriateness Index.
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pharmaceutical data; at 3 months, these percentages were
96% (86/90) and 98% (94/96) and 86% (68/79 patients
alive) and 85% (75/88 patients alive), respectively; and at
12 months, 92% (83/90) and 93% (89/96) for clinical data,
respectively.

Appropriateness of Prescribing

Medication Appropriateness Index

Almost 60% of prescriptions for all patients included in the
study (N 5 186) had at least one inappropriate rating at
baseline. Intervention patients were significantly more like-
ly to have an improvement in their summated MAI score
than were control patients (odds ratio (OR) 5 9.1, 95%
confidence interval (CI) 5 4.2–21.6, Table 2). Intervention
patients had highly significant improvements in MAI scores
(Table 2), as well as important improvements in each
individual criterion (Table 3). In contrast, for control
patients, improvements were smaller, and two individual
criteria (modalities practical, and cost) did not improve
(Table 3).

Drugs to Avoid in Older People

Approximately 30% of all patients included in the study
were taking at least one drug to avoid at admission. Long-
acting benzodiazepines and dipyridamole accounted for
65% of cases (of inappropriate prescribing). Both groups
had similar improvement from admission to discharge
(OR 5 0.6, 95% CI 5 0.3–1.1, Table 3). For the benzodi-
azepines-fall criteria, there was a higher absolute decrease
in prescribing for intervention patients (although the dif-
ference between groups was not significant). This was sec-
ondary to an increase in new users in the control group
(3.4% intervention patients, 12.7% of control patients,
P 5.10), whereas discontinuation was similar in both
groups (15.5% vs 15.9%).

ACOVE Criteria of Underuse

Seventy-eight percent of patients were eligible for at least
one indicator. More than half of patients had at least one
inappropriate rating at baseline. When controlling for the
baseline level of underuse, intervention patients were six
times as likely as control patients to have at least one
improvement (OR 5 6.1, 95% 5 CI 2.2–17.0, Table 3).
Table 4 summarizes, for each individual criterion, the base-
line level of inappropriateness, as well as the improvements
from admission to discharge.

Persistence of Improvements After Discharge

Of patients with an improvement in the Beers or ACOVE
criteria at discharge, 3 months after discharge, there was no
difference in persistence of improvements between the
control and intervention groups, although the study was not
powered to detect a difference. Nevertheless, a trend
toward higher maintenance rates was detected in the inter-
vention group for two criteria: Beers drugs (improvement
maintained in 94% of intervention vs 86% of control cases)
and benzodiazepines in patients with previous fall (86% vs
56%, respectively). The differences were not significant. T
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Secondary Outcome Measures

At least one unnecessary drug was prescribed to 84.4%
of control and intervention patients on admission. At
discharge, unnecessary drug use was still detected in 77.8%
of control patients, in contrast to 37.5% of intervention
patients.

One year after discharge, the rate of death and emer-
gency visits was lower in the intervention group than in the
control group (22.5% of intervention vs 30.1% of control
patients, P 5.30; and 7.9% vs 12.0%, respectively,
P 5.45), but none of the differences were statistically sig-

nificant. Readmission rates were similar (32.6% vs 33.7%,
respectively, P 5 1.0). One month after discharge, satisfac-
tion with information received on medicines was higher in
the intervention group (80.0% of intervention patients vs
60.9% of control patients were satisfied, P 5.10), but again
this difference was not statistically significant.

Assessment of Educational Bias

The baseline characteristics of the historical control group
did not differ significantly from that of study patients.
There was no difference in improvements in the control and
the historical control group for Beers criteria (P 5.41, Table
4). However, when the analysis was restricted to patients
with at least one Beers’ drug on admission (n 5 63), im-
provements were significantly higher in the control than in
the intervention group (P 5.04). There was no evidence of
contamination for the ACOVE criteria.

DISCUSSION

This study demonstrates that adding pharmaceutical care to
a GEM program substantially reduces overuse, misuse, and
underuse of medicines in elderly inpatients. The robustness
of the data stems from the use of a randomized, controlled
design; the combination of three validated instruments to
document overuse, misuse, and underuse; and the limited
loss to follow-up.

The most significant finding is that pharmaceutical care
led to marked improvements in the MAI and the ACOVE
underuse scores. The reasons underlying the success of the
intervention are probably that a structured and compre-
hensive approach toward treatment review was taken, the
intervention addressed several factors responsible for inap-
propriateness,35 and there was direct contact between the
pharmacist and the multidisciplinary team, with the
pharmacist present when prescribing decisions were made.
The last is consistent with previous studies that reported

Table 3. Percentage of Drugs with Inappropriate Ratings
on Admission and at Discharge Using the Medication
Appropriateness Index (MAI)

MAI Criterion

Control Intervention

Baseline
(n 5 633)

Discharge
(n 5 654)

Baseline
(n 5 728)

Discharge
(n 5 766)

%

Indication 9.8 7.5 12.1 2.6
Choice 23.2 18.5 25.4 6.1
Dosage 28.0 25.1 26.5 6.8
Modalities correct 19.3 17.9 17.6 8.1
Modalities practical 15.0 16.8 17.3 3.3
Drug-drug
interactions

7.4 6.7 7.3 1.3

Drug-disease
interactions

18.8 15.4 18.1 4.6

Duplication 3.0 2.3 5.2 1.0
Duration 16.7 13.8 20.5 6.1
Cost 23.2 25.8 23.1 10.7
Overall� 59.9 64.5 59.8 27.3

� Inappropriate rating in at least 1 of the 10 criteria.

Table 4. Improvements in Seven Underuse Assessing Care of Vulnerable Elders (ACOVE) Criteria from Admission to
Discharge

Underuse ACOVE Criteria

Drug
Patients with Inappropriate
Rating on Admission n (%)

Improvement from Admission to
Discharge� %

Condition (number of patients
in the three groups with the

condition of interest)
Historical
Control Control Intervention

Osteoporosis/fracture (125) Bisphosphonate,
calcium, vitamin D

90 (72.0) 32.0 48.7 86.0

Atrial fibrillation (84) Anticoagulant/aspirin 33 (39.2) 9.0 20.5 62.7
Ischemic heart disease (80) Aspirin 34 (42.5) 40.0 39.6 77.7
Diabetes mellitus (57) Aspirin 23 (40.4) 16.4 50.0 77.7
Heart failure (26) Angiotensin-

converting
enzyme inhibitor

11 (42.3) 50.0 � 200.0 66.7

Heart failure (26) b-blocker 18 (69.2) � 33.3 0.0 57.5
Myocardial infarction (26) b-blocker 16 (61.5) 0.0 � 14.1 100.0

� [(number of patients with inappropriate rating on admission)–(number of patients with inappropriate rating at discharge)]/number of patients with inappropriate
rating on admission. Zero indicates no improvement; 100% indicates maximum improvement; negative values indicate deterioration from admission to discharge.
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only moderate effect when direct involvement of the
pharmacist was limited.10

The geriatricians caring for patients in the present study
were trained in geriatric pharmacotherapy. Therefore, the
differences might have been larger between the control
and intervention groups had the physicians not had such
training.

This study is one of the first to show that pharmaceu-
tical care can substantially improve underprescribing for
multiple conditions simultaneously. Underuse of medicines
in older people is indeed prevalent6,7,25–28 and linked to
increased morbidity and mortality, but there are scarce data
on approaches for improvement.7,12,36,37

Two pharmaceutical care studies reported comparable
improvements in MAI scores, but neither had a control
group.36,38 Other controlled studies involving collaborative
approaches reported significant but lower improvements in
MAI scores,12,15,34 but the baseline MAI scores were lower
than in the current study. The use of the MAI questions by
the pharmacist to review prescribing in the present study
was probably an important determinant of better identifi-
cation of opportunities for optimization. Therefore, the
systematic use of this approach should perhaps be part of
routine practice in drug regimen review.

Pharmaceutical care appeared not to improve the
drugs-to-avoid criteria. As in other studies, prescribing
drugs from the Beers’ list was frequent at baseline39–42 but
was substantially less at discharge in both groups. In the
current study, this decrease was larger than reported in
previous studies12,43–45 and than in the historical control
group. This result was ascribed to contamination, because
the study was not blinded and identifying ‘‘bad drugs’’
and discontinuing them is easier (and more prone to con-
tamination) than identifying and resolving problems related
to underuse, indication, or dosage. A small effect was
achieved for the benzodiazepine fall criterion. This could be
related to the known difficulty in discontinuing these
drugs.46–48

The prevalence of unnecessary drug use on admission
was alarming, and the intervention lowered that burden.
The inclusion of inappropriate choice of drug in this meas-
ure (in addition to inappropriate indication and duplica-
tion) is questionable and could overestimate the true rate of
unnecessary drug use. It is nevertheless a better quality
measure than polymedication (number of prescribed
drugs).

This study has limitations. First, generalization is a
concern, because one clinical pharmacist on a single unit
provided the intervention. The time required to apply the
measures of appropriateness (more specifically the MAI)
would compromise the feasibility of a multicenter study, yet
the intervention could be replicated elsewhere, provided
that a similar pharmaceutical care model is followed.
Second, the study was not double-blinded, and MAI
evaluations at discharge were unblinded. Third, the study
was not powered to detect an effect on clinical outcomes.
Fourth, whether the intervention improved compliance and
quality of life and decreased adverse drug events was not
evaluated (although an analysis of all interventions made by
the clinical pharmacist suggests that this might have been
the case).18 Further work on the pharmacoeconomic benefit
of the intervention is also needed.

In conclusion, this study shows that the prescribing of
medicines in frail elderly patients can be substantially
improved during hospital admission, with persistent
effects after discharge, when a clinical pharmacist plays a
proactive and structured role in drug treatment review
within the context of a GEM program. Combined efforts
are necessary to improve the care of patients with complex
drug regimens, multiple comorbidities, and other risk fac-
tors for drug-related morbidities. The present approach has
the potential to minimize risk and improve patient out-
comes.
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