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INTRODUCTION
Many older people suffer from chronic diseases for
which medicines should be used. Older patients are
more prone to problems related to their medicines
because of the higher number they use, and
because of a decline in cognitive and physical
functioning. A previous study found that two-thirds
of all older people have problems using their
medicines correctly; and that these problems could
lead to a deterioration in clinical condition for one of
four older patients.1 Another study by the current
authors found that there are prescription-related
points of concern, possibly leading to a
deterioration in clinical condition, in the
pharmacotherapy of almost all older patients
studied; for example, using diazepam, a
benzodiazepine with a long half-life and hence
unsuitable for use by older people. These problems
were considered to be of direct clinical relevance in
30% of patients.2 The current intervention study
focuses on prescribing medicines for older patients,
rather than on user-related problems.
Monitoring pharmacotherapy for older people in

primary care is important. One possible approach is
the use of treatment reviews for individual patients
by trained professionals (for example, GPs, clinical or
community pharmacists, or two healthcare
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Aim
To determine which procedure for treatment reviews
(case conferences versus written feedback) results in
more medication changes, measured at different
moments in time. To determine the costs and savings
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of the community pharmacy.
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Primary care; treatment reviews were performed by 28
pharmacists and 77 GPs concerning 738 older people
(≥75 years) on polypharmacy (>five medicines).
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In one group, pharmacists and GPs performed case
conferences on prescription-related problems; in the
other group, pharmacists provided results of a
treatment review to GPs as written feedback. Number
of medication changes was counted following
clinically-relevant recommendations. Costs and
savings associated with the intervention at various
times were calculated.

Results
In the case-conference group significantly more
medication changes were initiated (42 versus 22, P =
0.02). This difference was also present 6 months after
treatment reviews (36 versus 19, P = 0.02). Nine months
after treatment reviews, the difference was no longer
significant (33 versus 19, P = 0.07). Additional costs in
the case-conference group seem to be covered by the
slightly greater savings in this group.

Conclusion
Performing treatment reviews with case conferences
leads to greater uptake of clinically-relevant
recommendations. Extra costs seem to be covered by
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over time, so performing treatment reviews for older
people should be integrated in the routine collaboration
between GPs and pharmacists.

Keywords
geriatrics; pharmaceutical care; pharmacotherapy;
therapeutics; prescriptions, drug.

W Denneboom, PharmD, junior researcher; R Grol, PhD,

professor, Centre for Quality of Care Research, UMC

St Radboud, Nijmegen; PAGM De Smet, PhD, professor

Department of Clinical Pharmacy, UMC St Radboud,

Nijmegen and Scientific Institute Dutch Pharmacists, The

Hague; MGH Dautzenberg, PhD, senior researcher health

care, DSP-group research and consultancy, Amsterdam, the

Netherlands.

Address for correspondence
Wilma Denneboom, Centre for Quality of Care Research,

UMC St Radboud, PO Box 9101, 114 Kwazo,

6500 HB Nijmegen, the Netherlands.

E-mail: W.Denneboom@kwazo.umcn.nl

Submitted: 3 November 2006; Editor’s response: 16 January
2007; final acceptance: 10 April 2007.

©British Journal of General Practice 2007; 57: 723–731.

Original Papers

723

Treatment reviews of older people on
polypharmacy in primary care:
cluster controlled trial comparing two approaches
Wilma Denneboom, Maaike GH Dautzenberg, Richard Grol and Peter AGM De Smet



W Denneboom, MGH Dautzenberg, R Grol, et al

British Journal of General Practice, September 2007724

professionals of different professional backgrounds
together). While earlier studies have shown that
treatment reviews can be useful,3–6 supplementary
studies are still needed to evaluate the comparative
effectiveness of various models for treatment
reviews.7

This study compared two procedures for
treatment review by a team consisting of a
community pharmacist and a GP. In one group
(termed the case-conference group) the pharmacist
and GP personally discussed problems, as identified
in the pharmacotherapy of the patient through
academic detailing or case conferences, and drew
up a pharmaceutical care plan for each patient. In
the other group (termed the written-feedback group)
the pharmacist passes the results of a treatment
review to the GP as written feedback. The former
procedure may produce more and better results, but
also could be more time consuming and costly, and
require more organisational activity.
Effects and cost differences were determined at 6

and 9 months after the intervention. Furthermore,
yearly savings in medicine costs for each year the
medication change persisted were determined. The
investigators were particularly interested in the
medication changes made in response to clinically-
relevant recommendations made by the pharmacist
to the GP.

METHOD
Study design
The study was a clustered, randomised, controlled
trial. Pharmacists in both intervention arms
conducted treatment reviews. Written feedback only
was given to the GPs in one group. In the other
group, the pharmacist and the GP had personal
contact in a case conference in which a
pharmaceutical care plan was drawn up for each
patient. Treatment reviews were performed between
March and May 2004.
Randomisation across the intervention arms was

at the level of the community pharmacy. Each

pharmacy included GPs in only one of the
intervention groups, so that contamination of the
effect was prevented.
The unit of analysis was the GP (who prescribed

the medicines that were evaluated in the treatment
review). Patients were considered to be nested
within general practices. On the basis of a power
calculation using an intra-cluster correlation
coefficient of 0.03 (deduced from the researchers’
in-depth analysis of polypharmacy for older
people2), and with the aim to detect a difference of
10% in medication changes following the
recommendations between the groups,8 an
estimated sample of at least 20 pharmacies, each
associated with three GPs with 10 participating
patients for each GP, was required.

Study population: participating healthcare
professionals and their patients
In this intervention study, Service Apotheek
Nederland, a franchise organisation supporting
independent community pharmacies in their
professional activities, supported this research with
their organisational skills. All pharmacies registered
with Service Apotheek Nederland (n = 120) were
invited to participate in the study. Participating
pharmacies each contacted three GPs (convenience
sample). Ten home-dwelling older people (aged
≥75 years), registered by one GP, who were using at
least five prescription medicines continuously at the
start of the study were selected at random from a
large database in which community pharmacy
dispensing data are collected.
Pharmacy codes for these patients were

presented on a secure web page that was only
accessible to the participating pharmacist. The
pharmacist had to exclude older patients who were
terminally ill, deceased, lived in a home for older
people, younger than 75 years, or used fewer than
five medicines continuously; this could be done
online. If patients were excluded, new patients were
presented on the web page as long as these
patients met inclusion criteria.

Computerised screening tool for detecting
suboptimal prescribing for older people
The Foundation for Pharmaceutical Statistics (SFK)
collects pharmacy dispensing data from 90% of the
community pharmacies in the Netherlands. The SFK
gathers these data in an anonymous format: only
patient codes are recorded to safeguard the privacy
of patients. This allows the SFK to reconstruct
utilisation patterns of individual patients without any
danger of exposing patients’ identities.9

A computerised screening tool was designed to
search the SFK records for suboptimal prescribing

How this fits in
The literature supports the usefulness of treatment reviews for older people.
Supplementary studies are needed to evaluate the comparative effectiveness of
various models for mediation review. This study examined whether treatment
reviews with case conferences lead to more medication changes than treatment
reviews with written feedback. Furthermore, this study examined whether
additional costs of a more time-consuming intervention could be covered by
supplementary savings on medicine costs. Results indicate that performing
treatment reviews with case conferences leads to greater uptake of clinically-
relevant recommendations. Extra costs seem to be covered by related savings.
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for older people. This computerised screening tool
was an aid for participating pharmacists: they could
obtain the results of these searches (as performed
in January 2004) on a secured website. Because the
pharmacists have to send dispensing files from the
pharmacy system to the SFK database at the end of
a month, the SFK always has a delay in the
database. The searches were performed in the
database including the data of January 2004.
Searches were not updated during the study
period. Pharmacists received a graphical
representation of the pharmacy record of each
participant and a list of potential problems identified
by the computerised screening tool. This
information lists the Anatomical Therapeutic
Chemical code10 of the medicine(s) causing the
problem, a description of the problem, and some
directions for potential improvement.

Intervention
All participating pharmacists were invited to attend a
training session dealing with problems related to
medication use in older people and treatment
reviews. After this training session, pharmacists
were randomised and the pharmacists in both
intervention groups performed treatment reviews
with the support of the computerised screening tool.
They had to decide which of the recommendations
highlighted by the computerised screening tool
should be given to the GP, and whether additional
recommendations concerning the pharmacotherapy
of these patients should be highlighted.
The two intervention groups differed in their

organisational models (Figure 1):

• Written-feedback group: pharmacists listed all
recommendations per patient and delivered them
to the GP’s office. The pharmacist did not follow
up cases.

• Case-conference group: the pharmacist and GP
discussed all recommendations with each other,
including other concerns about the patients (if
any). The pharmacist and the GP together filled in
a standardised pharmaceutical care plan, in which
they addressed who was responsible for the
activities in this plan. Three months later the
pharmacist checked whether these activities had
been carried out.

Variables and instruments
Medication changes following clinically-relevant
recommendations. Researchers determined how
many clinically-relevant recommendations were
made by the pharmacist; and determined the
number of medication changes consistent with
these recommendations that could be detected in

the medication records. To verify that differences in
the number of medication changes were not caused
by variation in the number of recommendations
made, a secondary outcome measure was used that
relates the number of recommendations followed to
the number of recommendations made: the
percentage of clinically-relevant recommendations
leading to medication changes.
A copy of the list of recommendations that the

pharmacist made for each patient was sent to the
research team. Six and 9 months after treatment
reviews, pharmacy records and drug-dispensing
profiles (graphical representations of the pharmacy
records) were received by the research team from the
pharmacies. Two experienced pharmacy assistants
determined whether the recommendations had led to
medication changes, whether these medication
changes had been maintained, and whether results
of the recommendations as proposed could be
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Computerised screening 
for all included patients

Professional judgement of the recommendations 
identified by the pharmacist with the computerised 

screening tool. (Pass on to the GP?)

Professional judgement of the medication record. 
Should other recommendations be made?

Written feedback

Pharmacist delivers 
recommendations in writing to GP

Pharmacist and GP perform  
case conferences together

Pharmaceutical care plan drawn 
up for each patient (pharmacist

and GP together)

3 months afterwards:
pharmacist checks whether 
pharmaceutical care plan is 

implemented

Case conferences

Figure 1. Flow diagram of
the intervention study
comparing two
procedures for medication
reviews of older people on
polypharmacy in
primary care.
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identified in drug-use profiles and pharmacy records
(for example, is the drug used for the right
indication? Is blood pressure checked regularly?). If
the researchers could not determine whether action
had been taken in response to a recommendation,
the particular recommendation was considered to
have not been acted on.
After 9 months, researchers recorded whether

medication changes that were present at 6 months
had been maintained. It could not be assumed that
medication changes initiated more than 6 months
after the treatment reviews were caused by the
intervention, so these medication changes were not
included.

Clinical relevance of recommendations by
pharmacists. Clinical relevance was assessed for all
recommendations (as they were identified by the
computerised screening tool or by pharmacists) that
were communicated to GPs. Recommendations
were classified as:

• Clinically relevant: recommendation will lead to
improvement in the general health of the patient.

• Potentially relevant: for example, relevance
depending on the medical condition of the
individual patient.

• Clinically irrelevant: recommendation will not lead
to improvement in the general health of the
patient.

For most of the recommendations identified by
the computerised screening tool, clinical relevance
was based on an earlier in-depth analysis of
pharmacotherapy,2 while for some of the remaining
problems it was based on the literature.11,12 For the
recommendations that pharmacists identified
themselves, clinical relevance was based on the
previous in-depth analysis2 or was determined by an
expert panel during the present study.
The expert panel consisted of a GP, a community

pharmacist, a geriatrician, and a clinical pharmacist
who were chosen because of their experience in
geriatric pharmacology. The expert panel did not
include individual members of the participating
pharmacies or general practices. Clinical relevance
was determined using a consensus method. Panel
members had to fill in their individual opinions
regarding the clinical relevance of each
recommendation. Panel members received
overviews in which their own scores were compared
with those of the other panel members. During a
consensus meeting on the telephone, panel
members discussed all differences until they
reached consensus about the clinical relevance of
each particular recommendation.

Changes in costs of medicines used. For each
medication change, the difference in medication
costs at 6 and 9 months after the treatment review
was determined. Researchers determined the
differences in medication costs if the medication
changes, persisting until 9 months after the
intervention, would persist for another 12 months.
Differences in medicine costs were determined by
adding the costs of the medicines and the
dispensing fees for the pharmacy following legal
regulations (15-day prescriptions for all new
medicines, followed by 3-month prescriptions for all
medicines, except hypnotics for which the legal
maximum prescription period is 30 days).
Supplementary costs caused by wastage were not
included in the calculations.

Time consumed by the intervention. Participating
healthcare professionals were asked to keep a
separate time log of all intervention activities for
each patient. This time log was used to calculate the
costs of the treatment reviews (at an assumed rate
of €50 per hour for each healthcare professional,
analogous to another study in the Netherlands13).
No reimbursement was given for participation in

the study. Participating pharmacists were invited to
a training session in which medication-related
problems and the process of treatment reviews
concerning older people were dealt with.
Pharmacists were offered free use of the
computerised screening tool.

Data analysis
Baseline characteristics of the participating
healthcare professionals and participants in both
intervention groups were compared using χ2 tests
for dichotomous values and Student’s t-tests for
differences in means of numerous values.
The type of problem, directions for improvement,

origin (computerised screening tool or pharmacist),
and clinical relevance for each recommendation
passed on to the GP were entered into a Microsoft®

Access database. Whether recommendations were
acted on, partially acted on, or not acted on at all at
the various times of measurement, was also
recorded in this database. Actual changes in costs
associated with the interventions were also recorded
in this database. The database was analysed using
SPSS (version 12.0).
Because patients in this study were nested

within general practices, researchers analysed the
number of medication changes following clinically-
relevant recommendations at the level of GP. For
each GP the total number of recommendations
acted on was determined. Because the number of
recommendations followed by the different GPs was
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not normally distributed, differences between groups
were determined using χ2 statistics at this level.
Before χ2 statistics could be performed, the number
of recommendations followed was categorised (zero,
one, or more than one recommendation followed).
Multilevel (mixed-model) analysis was performed to
determine whether differences in costs and in
percentages of recommendations followed were
present. A model with a random intercept and all
other variables fixed was used. Multilevel analyses
were performed using SAS (version 8.2).14

RESULTS
Study population
Of the 120 pharmacies invited, 29 (with 84
accompanying GPs; three pharmacies could only
find two GPs to take part in the study) were included
in the randomisation. Four GPs were subsequently
excluded for different reasons. During the
intervention period, one pharmacy in the written-
feedback group dropped out (along with three
accompanying GPs) because they could not find the
time to deliver pharmacy dispensing data of patients
to the research team.
Data for 28 pharmacies were gathered and added

to the database (13 written feedback and 15 case
conferences) accompanied by data for 77 GPs. A
total of 738 patients were included (351 in the
written-feedback group and 387 in the case-
conference group).
Before the 6-month assessments, but after the

treatment review, 37 patients were excluded for
various reasons (Supplementary Figure 1). In the
period between 6 and 9 months, 16 participants
were excluded.
Table 1 shows characteristics of the participating

pharmacists, GPs, and their patients. The patient
and pharmacy characteristics for the written-
feedback group and the case-conference group
were comparable. Of the GP characteristics, only
the number of single-handed practices was
unevenly distributed among intervention groups.

Number and clinical relevance of
recommendations as presented to GPs
Participating pharmacists made a total of 1569
recommendations regarding the pharmacotherapy
of 624 participating patients; no recommendation
was given for 114 (15.4%) patients. The
computerised screening tool identified 62.0% of the
recommendations that were passed on to the GPs;
the pharmacists themselves identified 38.0%.
Pharmacists in the case-conference group identified
significantly more recommendations themselves
than the pharmacists in the written-feedback group
(41.7% versus 34.2%, P = 0.003).

Table 2 shows the number and types of
recommendations presented to GPs. The
recommendations were categorised by clinical
relevance. Some recommendations with limited
clinical relevance were made (3.4%); for example,
prolonged use of vitamin preparations without an
indication. Many recommendations with potential
clinical relevance were made (77.3%); for example,
performance of regular checks. Most clinically-
relevant recommendations were about prescribing
the correct geriatric dosage (104 recommendations),
followed by prescribing medicines considered
unsuitable for use by older people (99
recommendations), and prescribing omissions (34
recommendations).
The mean number of recommendations per

patient made by the pharmacists in the case-
conference group seemed to be higher than that in
the group with written feedback; however, this
difference was not statistically significant (P =
0.059).
The pharmacy assistants could not determine

from the pharmacy records whether 883 of the
recommendations presented in Table 2 (56.3% of all
recommendations) had been acted on or not. Most
problems concerned doubts about the correctness
of the indication and doubts whether routine checks
were performed.
In the comparisons that followed, only the 303

recommendations with direct clinical relevance were
included. For 18 recommendations problems were
solved or the particular medicine had been
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Written Case
Characteristics feedback conferences

Pharmacies, n 13 15
Pharmacists employed in the pharmacy, n 2.0 1.9
Older patients (≥75 years) at the pharmacy, % 8.9 13.4
Pharmacies with 350 or more prescriptions a day,%a 58.3 71.4

GPs, n 37b 40c

Single-handed practices, % 59.3 32.4e

Patients in practice, nd 3168 3279
Patients aged ≥75 years in general practice, % 10.6 13.5

Patients, n 351 387
Age of patients, years 81 81
Males, % 34.9 40.6
Mean number of medicines used by participants 7.3 7.1
(as measured by computerised screening tool), n

Student’s t-test for differences in continuous values and χ2 statistics for binominal values.
aTwo pharmacists did not answer the question about daily number of prescriptions, evenly
divided over both intervention groups. bTwenty-seven questionnaires from GPs in the
written-feedback group were received (73% response). cThirty-seven questionnaires from
GPs in the case-conference group were received (93% response). dSeven GPs did not
answer the question about number of patients in practice: three in the feedback in writing
group, four in the group with case conferences. eP<0.05.

Table 1. Characteristics of participating pharmacies, GPs,
and patients.
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discontinued before the intervention started; these
recommendations were excluded. Another 16
recommendations were excluded from the 6-month
measurement because the particular patients were
excluded from the study. Thus, 269 recommendations
were included in the analysis of the 6-months
measurement. A further five recommendations were
similarly excluded for the 9-months measurement,
leaving 264 recommendations.

Medication changes following clinically-relevant
recommendations made by pharmacists
Table 3 presents the number of medication changes

following clinically-relevant recommendations.
Significantly more medication changes were
initiated in the case-conference group than in the
written-feedback group (42 versus 22, P = 0.02).
This difference is also present in the maintained
medication changes at 6 months after the treatment
reviews (36 versus 19; P = 0.02). For medication
changes maintained until 9 months after the
treatment review, the difference between the groups
was no longer significant (33 versus 19, P = 0.07).
Percentage of clinically-relevant recommendations

followed was examined as a secondary outcome
measure. Significantly higher percentages of these

Feedback in writing Case conferences
(% within category of clinical relevance) (% within category of clinical relevance)

Type of recommendation Not Potentially Not Potentially
clinically clinically Clinically clinically clinically Clinically Example of clinically
relevant relevant relevant relevant relevant relevant relevant recommendation

Dose unsuitable for patients 1 (4.8) 51 (9.5) 62 (42.2) 0 73 (10.8) 42 (26.9) Use of more than 20 mg of
temazepam daily

Medicines unsuitable for 2 (9.5) 18 (3.3) 35 (23.8) 0 14 (2.1) 64 (41.0) Use of glibenclamide, which can
patients aged ≥75 years cause prolonged hypoglycaemia

Medicine not useful at all 7 (33.3) 27 (5.0) 17 (11.6) 4 (12.5) 32 (4.7) 15 (9.6) Use of meprobamate, for which
safer alternatives are available

Prescribing omissions 4 (19.0) 29 (5.4) 16 (10.9) 5 (15.6) 43 (6.4) 18 (11.5) Omitting to prescribe osteoporosis
prophylaxis for a patient using high
doses of corticosteroids for a

long period

Incorrect duration of therapy 2 (9.5) 10 (1.9) 7 (4.8) 0 6 (0.9) 3 (1.9) Prolonged use of hypnotics

Unnecessary therapeutic 0 39 (7.3) 3 (2.0) 1 (3.1) 40 (5.9) 5 (3.2) Simultaneous use of different
duplication benzodiazepines

Form of medication unsuitable 0 12 (2.2) 3 (2.0) 2 (6.3) 16 (2.4) 0 Use of immediate release
for older people nifedipine capsules

Suitable for the indication? 0 53 (9.9) 2 (1.4) 0 111 (16.4) 3 (1.9) Patient uses an oestrogen
preparation regularly used for
complaints caused by menopause

Adherence (too much 1 (4.8) 57 (10.6) 1 (0.7) 1 (3.1) 74 (10.9) 2 (1.3) Patient uses more oxazepam than
or too little use) prescribed

Contraindication known 2 (9.5) 9 (1.7) 1 (0.7) 6 (18.8) 12 (1.8) 3 (1.9) Use of amiodarone by patient
suffering from hypothyreosis

Drug–drug interaction known 1 (4.8) 60 (11.2) 0 0 60 (8.9) 0 –

Treatment of side effect of 0 84 (15.6) 0 2 (6.3) 77 (11.4) 0 –
other medicine

Others 1 (4.8) 88 (16.4) 0 11 (34.4) 118 (17.5) 1 (0.6) Use of a combination of amlodipine
and losartan for a patient with
oedema. Stop amlodipine and
increase losartan dosage

Total 21 (100) 537 (100) 147 (100) 32 (100) 676 (100) 156 (100) –

Number of records per patient 0.06 1.53 0.42 0.08 1.75 0.40 –

Total number 705 864 –

Number of records per patient 2.01 2.23 P = 0.059, difference = 0.229,
95% CI = –0.467 to –0.009

Table 2. Numbers, types, and clinical relevance of medication recommendations from pharmacists to GPs.
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recommendations led to initiated medication
changes in the case-conference group than in the
written-feedback group (29.8% versus 17.2%, P =
0.02). This was also seen for the percentage of
maintained medication changes 6 months after the
treatment reviews (25.5% versus 14.8%, P = 0.03).
At the 9-month measurement there was no
statistically significant difference (23.9% versus
15.1%, P = 0.08).

Cost evaluation
Pharmacists in the case-conference group spent
significantly more time on this intervention (with
accompanying increase in costs) than pharmacists
in the written-feedback group. This was also true for
GPs who kept time logs. Unfortunately, only 37.0%
of all GPs kept time logs: 42.5% in the case-
conference group and 30.5% in the written-
feedback group.
Changes in patient pharmacy records that were

attributed to the treatment review led to a modest
decrease in medicine costs. Although these benefits
were slightly greater in the case-conference group,
this difference did not reach statistical significance
(Table 4).
The expenses and cost benefits of the

intervention partially cancelled each other out. The
extra savings in the case-conference group offset a
part of the extra costs due to extra time needed by
the pharmacists and GPs in this group. There was
no significant difference in remaining net costs
including pharmacy time expenses and savings on

medicine costs between the two intervention
groups. For the remaining net costs, including
pharmacist time expenses, GP time expenses, and
savings on medicine costs, no statistical testing was
performed because of the small number of
participants. The results shown in Table 4 do not
seem to indicate differences in remaining costs
including pharmacy-time, GP-time, and savings on
medicine costs.

DISCUSSION
Summary of main findings
In this study, community pharmacists performed
treatment reviews for 738 patients and feedback
was given to GPs. Feedback in personal contact
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Medication changes

Written Case χ2

Time feedback, n conferences, n P-value

Measurement at 0–6 months and 6 months 128 141 –

0–6 months after medication reviews 22 42 0.016
(initiated medication changes, all
attempts, whether or not sustained)

6 months after medication review 19 36 0.022
(sustained changes)

Measurement at 9 months 126 138 –

Changes sustained until 9 months 19 33 0.070
after medication review

Table 3. Number of medication changes following
recommendations with clinical relevance.

Cost changes per patient, €a

Written Case Difference
feedback (n) conferences (n) P-value (95% CI)

Costs caused by time expenses on the total
process of medication review
GPb 6.22 (97) 8.68 (163) – –
Pharmacist 9.69 (350)c 15.03 (387) 0.001 5.27

(2.21 to 8.34)

Savings due to medication changes at 9 months –4.33 (320) –7.78 (365) 0.357 3.44
after intervention (–3.89 to 10.77)

Yearly savings in medicine costs for each year –7.79 (320) –12.24 (365) 0.443 4.44
that medication change persists (–6.90 to 12.81)

Net expenses at 9 months after medication 5.52 (319) 7.23 (365) 0.655 1.72
review (including pharmacy costs and savings (–5.80 to 9.23)
on medicines)

Net expenses at 9 months after medication review 14.22 (89) 13.71 (153) – –
(including pharmacy and GP costs and
savings on medicines)

aPositive number = expenses, negative number = savings. bFrom GPs, time logs for only 37% of all participants were received.
cFor one patient the time log from the pharmacy got lost, so this patient was excluded from this analysis.

Table 4. Costs and savings caused by the intervention (multilevel statistics); all
recommendations are included.



between the pharmacist and the GP (case
conferences) led to significantly more medication
changes following recommendations of clinical
relevance.
Medicine costs were also influenced by the

interventions. Both types of intervention showed
modest savings regarding medicine costs. The
slightly greater savings seem to cover extra costs
caused by pharmacist and GP time expenses in the
case-conference group.
When the effect of the intervention was examined

over time, differences between the intervention
groups were shown to decrease gradually.

Strengths and limitations of the study
The process of medication reviews was studied in a
large sample of pharmacists and GPs by means of a
cluster controlled trial, and a cost-evaluation was
included. Despite these strengths, this study was
not without limitations. Only medication changes
were taken into account; therefore, a considerable
number of recommendations with solutions other
than medication changes were not examined. For
example, the effect of some drug–drug interactions
can be monitored by checking blood pressure or
other parameters, but it was not checked whether
such actions were taken. This loss of data
undoubtedly reduced the ability to detect
differences, and made this analysis fairly
conservative.
Time logs were received from only 37% of

participating GPs, and as the calculations that
include GP time expenses are based on a small
number of patients, they have to be interpreted with
some reservations. Statistical tests were not
performed on these figures.
GPs were chosen by the participating

pharmacists (convenience sample). It is possible
that only GPs with whom the pharmacists had the
best professional relationships were included, which
could have led to an over-rating of the effect of
these interventions.

Comparison with existing literature
This study indicates that treatment reviews involving
personal contact (case conferences) lead to more
medication changes than an intervention including
only written feedback. Studies considering
improvement of prescribing practice report similar
findings.15–18 As the extra costs of this approach
seem to be covered by the extra savings on
medicine costs, the case-conference approach is
recommended in practice.
The persistence of medication changes over time

was also investigated. Eighty-six per cent of the
medication changes were maintained for at least

9 months after the treatment review in the written-
feedback group, and 79% in the case-conference
group. Other studies have shown that 84%19 and
64%20 of the interventions were maintained until
6 months after the intervention. Another study has
shown that 90% of recommendations made by a
clinical pharmacist remained implemented up to
1 year after the patient interview.21

Savings on medicine costs were also studied.
Although older patients included in this study were
using at least five prescription medicines,
prescribing omissions were identified. Studies
concerning the quality of pharmaceutical care have
also observed omissions.2,22–26 In a number of cases,
these prescribing omissions were for newer, more
expensive medicines (for example,
bisphosphonates and proton-pump inhibitors);
therefore, it is not surprising that the medicine costs
did not decrease much. Some studies have found
differences in costs after medications
reviews,13,19,27–30 while others have not.4,31–33

Implications for future research
At the time the study was planned, a number of
trials were performed considering the effectiveness
of treatment reviews. In the trials published at the
time, no statistical difference in health status or
patient satisfaction was found.3–6 As a result of the
information from the literature and because the
current study examined the differences between
two procedures for treatment reviews (case
conferences versus written feedback), it was
decided not to make the study more complicated
by measuring health status at patient level.
However, positive trends in clinical outcomes were
found in a later study by Sorensen et al.34

In a systematic review some evidence was found
that pharmacist-led interventions incorporating a
medication review are effective in reducing hospital
admissions,35 and in a further study concerning
older people living in care homes a reduction in the
number of falls was found when performing clinical
medication review.30

Further research is needed to examine the clinical
consequences of treatment reviews and medication
reviews. To measure the clinical consequences,
health status, health-related patient satisfaction,
numbers of falls, hospital admissions, and mortality
rates could be used. These studies should include
large populations of older people because
medication is just one of the parameters that
influences these clinical outcome measures. These
kinds of studies have already been carried out for
home-based interventions after hospital admissions
to prevent re-admissions,36,37 showing variable and
unexpected results.
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