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ABSTRACT
OBJECTIVE
To evaluate the effects of a computerised decision 
support tool for comprehensive drug review in elderly 
people with polypharmacy.
DESIGN
Pragmatic, multicentre, cluster randomised controlled 
trial.
SETTING
359 general practices in Austria, Germany, Italy, and 
the United Kingdom.
PARTICIPANTS
3904 adults aged 75 years and older using eight 
or more drugs on a regular basis, recruited by their 
general practitioner.
INTERVENTION
A newly developed electronic decision support tool 
comprising a comprehensive drug review to support 
general practitioners in deprescribing potentially 
inappropriate and non-evidence based drugs. Doctors 
were randomly allocated to either the electronic 
decision support tool or to provide treatment as usual.
MAIN OUTCOME MEASURES
The primary outcome was the composite of unplanned 
hospital admission or death by 24 months. The key 
secondary outcome was reduction in the number of 
drugs.
RESULTS
3904 adults were enrolled between January and 
October 2015. 181 practices and 1953 participants 

were assigned to electronic decision support 
(intervention group) and 178 practices and 1951 
participants to treatment as usual (control group). The 
primary outcome (composite of unplanned hospital 
admission or death by 24 months) occurred in 871 
(44.6%) participants in the intervention group and 
944 (48.4%) in the control group. In an intention-to-
treat analysis the odds ratio of the composite outcome 
was 0.88 (95% confidence interval 0.73 to 1.07; 
P=0.19, 997 of 1953 v 1055 of 1951). In an analysis 
restricted to participants attending practice according 
to protocol, a difference was found favouring the 
intervention (odds ratio 0.82, 95% confidence interval 
0.68 to 0.98; 774 of 1682 v 873 of 1712, P=0.03). 
By 24 months the number of prescribed drugs had 
decreased in the intervention group compared with 
control group (uncontrolled mean change −0.42 
v 0.06: adjusted mean difference −0.45, 95% 
confidence interval −0.63 to −0.26; P<0.001).
CONCLUSIONS
In intention-to-treat analysis, a computerised decision 
support tool for comprehensive drug review of elderly 
people with polypharmacy showed no conclusive 
effects on the composite of unplanned hospital 
admission or death by 24 months. Nonetheless, a 
reduction in drugs was achieved without detriment to 
patient outcomes.
TRIAL REGISTRATION
Current Controlled Trials ISRCTN10137559.

Introduction
Polypharmacy is common in older adults, particularly 
those aged 65 or older, and, despite not always being 
avoidable, often includes inappropriate drugs and 
carries a risk of unfavourable health outcomes.1 
Clinicians therefore have to balance the risks and 
benefits of prescribing multiple drugs, taking into 
account drug-drug and disease-drug interactions.2

Given the high number of older people with 
polypharmacy in primary care 1 3 and the limited time 
that general practitioners have to carry out regular drug 
reviews, alternative approaches such as computerised 
decision support systems are needed to optimise drug 
treatment and to facilitate deprescribing.4 Although 
such systems have been developed, they usually target 
specific drugs or groups of drugs and in general have 
not been found to be effective.5 Previous research on the 
appropriate use of drugs in people with polypharmacy 
consists of a range of interventions in several settings 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Polypharmacy is common in older people, often inappropriate, and associated 
with potential harms, yet no ideal strategy for optimising prescribing exists
A Cochrane review concluded that it remains unclear whether interventions 
to improve prescribing in patients with polypharmacy enhance drug 
appropriateness or decrease potentially inappropriate prescribing or the 
proportion of patients with one or more potentially inappropriate drugs
The reviewed interventions made little or no difference to hospital admissions 
but might have slightly reduced potential prescribing omissions

WHAT THIS STUDY ADDS
A computerised decision support tool for comprehensive drug review in elderly 
patients (≥75 years) with polypharmacy resulted in a reduction in inappropriate drugs
Although no difference in unplanned hospital admission or death was found 
over two years in intention-to-treat analysis, the reduction in drugs was achieved 
without detriment to patient outcomes
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using diverse study designs and outcomes.4 5 Few 
interventions have provided electronic decision 
support to doctors in their own practice.4 Although 
some individual studies have shown positive effects in 
drug appropriateness, in general the interventions had 
little or no effect on hospital admissions4 or on all cause 
mortality.5 We developed an easy to use computerised 
decision support system designed specifically to deal 
with potentially inappropriate polypharmacy. This 
system, called PRIMA-eDS (polypharmacy in chronic 
diseases: reduction of inappropriate medication 
and adverse drug events in older populations by 
electronic decision support), automatically generates 
a comprehensive drug review based on individual 
patient data and current best evidence6 to support 
doctors in deprescribing.

In this multicentre cluster randomised controlled 
trial we tested whether use of the electronic decision 
support tool led to a reduction in inappropriate 
polypharmacy and thus improvements in patient 
relevant endpoints. Our principal hypothesis was 
that deprescribing based on the electronic decision 
support tool would reduce the composite endpoint of 
unplanned hospital admission or death in patients 
aged 75 or older.

Methods
Study design and participants
This pragmatic cluster randomised controlled trial was 
carried out in four countries. General practitioners 
were recruited in five study centres: Manchester, 
United Kingdom; Bolzano, Italy; Salzburg, Austria; 
and Rostock and Witten, Germany. The doctors were 
recruited between May 2013 and September 2015. 
Participating doctors in turn recruited patients aged 75 
or older who were using eight or more drugs on a regular 
basis (including those prescribed by any doctor, and 
non-prescription drugs). We decided to use the cut-off 
point of at least eight drugs based on a previous study.7 

8 Patients were excluded if they had a life expectancy 
of less than 12 months, were unable to give informed 
consent, or were receiving chemotherapy or radiation 
for systemic malignant disease.

Doctors in prespecified regions around each study 
centre were informed about the trial and invited to 
participate. After they had agreed to participate and 
provided written informed consent, we asked them to 
identify all potentially eligible patients in their practice 
and to check them for inclusion and exclusion criteria. 
Group practices were limited to one participating 
doctor only. The doctors were then asked to recruit 11 
eligible patients at their discretion to participate in the 
trial. Recruiting procedures varied slightly between 
centres according to local conditions.

Overall, 3904 patients were enrolled between 
7 January and 5 October 2015. A more detailed 
description of the PRIMA-eDS trial protocol is available 
elsewhere.9 Further details of the trial’s electronic 
decision support tool and the randomised controlled 
trial have been presented elsewhere,10 11 and baseline 
data have been published previously.12

Randomisation and masking
After patient recruitment and baseline data collection 
had been completed, we randomised the doctors 
to either the electronic decision support tool 
(intervention group) or treatment as usual (control 
group). Randomisation was at doctor level to avoid 
contamination should a doctor use the decision 
support tool for some patients but not for others. 
A trial statistician masked to allocation performed 
computerised block randomisation, stratified by 
study centre to ensure balanced groups. Owing to the 
nature of the intervention, doctors, participants, and 
study assistants could not be blinded, but statisticians 
undertaking analyses were masked.

Procedures
The trial’s observation period was two years. Follow-up 
patient consultations and data collection took place at 
8, 16, and 24 months. At each time point the doctor 
or an authorised staff member collected patient data 
and entered these into an electronic case report form 
(see appendix fig 3a). At some UK practices, a regional 
Clinical Research Network research nurse working 
with the practice assisted in data collection. During a 
routine visit to the practice, the participant completed 
on paper the SF-12v2 health survey, a shortened 
version of the second version of the SF-36.

The intervention consisted of a computerised 
decision support tool providing a comprehensive drug 
review (see appendix figs 1a and 2a) generated from 
patient data recorded in the electronic case report 
form. The intervention is a novel and comprehensive 
approach to reducing potentially inappropriate and 
non-evidence based polypharmacy. It is not limited 
to any specific drug or drug classes but rather uses an 
all inclusive approach to a patient’s drugs. It provides 
a check of the indications for current drugs based 
on recorded diagnoses; a summary of measurement 
results with alerts; recommendations about amending 
current drugs according to best available evidence; 
advice on dosage adjustment in renal malfunction; 
alerts for potentially harmful drug-drug interactions; 
warnings for possible contraindications; dose 
warnings; and a table listing each current drug and 
the associated degree of risk for nine common adverse 
drug reactions (see table 1). Although the decision 
support tool was intended to encourage deprescribing 
of potentially inappropriate drugs, the final decisions 
about treatment remained at the discretion of the 
doctor and patient in a shared decision making 
process. The electronic decision support tool was web 
based and could also be saved as a PDF and printed.

The baseline data collected on each participant 
consisted of age, sex, body mass index, blood pressure, 
all drugs (prescribed and over the counter) with an ATC 
(anatomic therapeutic chemical) code,27 all diagnoses 
(using the international classification of diseases, 10th 
revision (ICD-10) codes28), smoking status, current 
symptoms (within past month), medical procedures, 
frailty (clinical frailty scale29), number of falls (during 
past three months), and laboratory values (creatinine, 
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blood glucose, alanine aminotransferase, glycated 
haemoglobin (HbA1c), platelet count, international 
normalised ratio, cholesterol, low density lipoprotein 
cholesterol, high density lipoprotein cholesterol, 
triglycerides, potassium, and sodium) when available. 
We also recorded health related quality of life (SF-
12v2: physical and mental component scores30) and 
educational level (international standard classification 
of education 1997 (ISCED-97)31). The participating 
doctors were advised to collect up to date data at a 
routine appointment. All these data, including primary 
and secondary outcomes, were recorded by the doctors 
or their staff in the electronic case report form and 
stored centrally on a server designated to this study.

After randomisation, doctors in the intervention 
group were given access to the computerised decision 
support tool. They received training and instructions 
on use, interpretation of the output, the evidence base 
underpinning the output, and the principles of shared 
decision making. Training was provided face to face, by 
webinar and by video tutorials through the PRIMA-eDS 
webpage. A telephone hotline was available to doctors 
in case of questions. Doctors in the intervention group 
were instructed to use the electronic decision support 
tool directly after randomisation, and at all three follow-
up consultations. Furthermore, they were free to use the 
electronic decision support tool at any other time point.

Doctors in the control group treated participants 
according to their normal practice and only completed 
electronic case report forms at the scheduled follow-
up visits. They were free to change any drug if they 
thought it appropriate, but they did not have access 
to the electronic decision support tool to guide their 
decision making.

Doctors in both groups were instructed to collect 
the data during routine appointments. They were 
not specifically asked to make extra appointments 
whenever possible for the study, but were free to do so 
if they wished.

Outcomes
The primary outcome was a composite of unplanned 
hospital admission or death from any cause during the two 

year observation period. We combined these measures 
into a composite endpoint because they can be competing 
outcomes. The key secondary outcome was the number 
of drugs prescribed at final follow-up, controlling for 
baseline, in line with the key objective of the intervention 
to reduce inappropriate prescribing. Other secondary 
outcomes were unplanned hospital admission and all 
cause mortality (as single endpoints), self-reported falls, 
recorded fractures, adverse drug reactions (symptoms), 
and quality of life. We further examined the number and 
types of recommendations given by the decision support 
tool to improve drug appropriateness.

At each follow-up visit the practice staff collected 
data pertaining to each outcome and entered these 
into the electronic case report form, with the exception 
of the SF-12, which was collected on a paper form at 
eight and 24 months. Practice staff recorded ongoing 
data on patients who dropped out or died.

Statistical analysis
The sample size was based on binary analysis to 
test superiority of the primary composite endpoint 
on unplanned hospital admission or death within 
two years. We powered the study to detect a relative 
risk reduction of 20% in the decision support group 
at 80% power and an α level of 5%, assuming an 
intracluster correlation coefficient of 0.01 (based on an 
earlier cluster trial32) and a 10% attrition rate in both 
patients and practices.9 On this basis we required 3542 
patients across 322 general practices with a mean of 
11 participants in each practice. About 10% excess 
recruitment over this was achieved in the actual trial.

An independent statistician blind to trial group 
allocation analysed the data following a prespecified 
statistical analysis plan. Mixed effect multilevel models 
were applied, with participants nested within general 
practices, grouped within study centres. We treated 
the practices as a random effect and the five centres as 
fixed effects.

We applied linear models for continuous outcomes, 
logistic for binary outcomes, Poisson or negative 
binomial (when the Poisson was not a good fit) for 
counts, and Cox regression for time-to-event outcomes. 

Table 1 | Components of the computerised decision support tool for comprehensive drug review in people with 
polypharmacy for chronic diseases
Components Data sources
Check of indications for current drugs Evidence-Based Medicine Guidelines and evidence summary 

collection13

Measurement results (laboratory, anthropometric) with alerts Evidence-Based Medicine Guidelines13 and consensus of EBMeDS 
clinical editorial team14

Recommendations about amending current drugs based on best 
available evidence

EBMeDS evidence based rules and reminders.15 Systematic reviews 
on drugs commonly prescribed to older people6 16-21 
EU(7)-PIM list22

Dosage adjustment in renal malfunction RENBASE database23

Potentially harmful drug-drug interactions INXBASE database24

Contraindications Pharmacological literature and summary of medicinal product 
characteristics by European Medicines Agency25

Dose warnings Pharmacological literature and product summaries approved by 
regulatory authorities

Possible adverse drug reactions (risk of bleeding, renal toxicity, risk 
of seizures, anticholinergic effects, constipation, orthostatism, QT 
prolongation, sedation, serotonergic effect)

RISKBASE database26

EbMeDS=evidence based medicine electronic decision support; EU(7)-PIM=European Union (7)-potentially inappropriate medications.

 on 6 O
ctober 2020 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.m
1822 on 18 June 2020. D

ow
nloaded from

 

http://www.bmj.com/


RESEARCH

4 doi: 10.1136/bmj.m1822 | BMJ 2020;369:m1822 | the bmj

Baseline outcome values were included as covariates 
in the relevant model when available (number of 
falls, number of drugs, SF-12 physical and mental 
component scores) along with four prespecified 
covariates, judged prognostic of outcomes: participant 
sex, age, number of drugs prescribed at baseline, 
and number of medical diagnoses, with the last three 
treated as continuous variables. These and all other 
collected variables were well balanced between trial 
arms (see table 2).

All models included a fixed factor for study centre 
in line with the randomisation scheme and to 
control for any within country imbalance in patient 
numbers between trial arms. Baseline data indicated 
high heterogeneity in patient populations between 
countries, so to reduce risk of bias from factors such as 
Simpson’s paradox, we also adjusted for the interaction 
between treatment group and study centre. We then 
used a post-estimation contrast to estimate and test the 
mean effect between trial arms.

Baseline data were missing only on one variable—
number of diagnoses—and for only six participants 
(0.15%). Before further analysis we imputed these 
missing values using simple linear regression based 
on age, sex, number of drugs, and study centre.33 In 
line with the trial protocol,9 we analysed missing 
24 month follow-up data on the primary outcome 
as reaching the endpoint, with sensitivity analysis 
performed using multiple imputation with the chained 
equations procedure and 10 multiple imputation 
datasets, utilising the full set of variables, including 
the interaction term between group and study centre. 
For the key secondary outcome of number of drugs, 
where 24 month follow-up data was missing we used 
the last recorded value (at eight or 16 months) and 
controlled for number of consultations attended; we 
also conducted a multiple imputation sensitivity using 
imputed values at 24 months.

For other secondary outcomes, when 24 month 
follow-up data were missing we analysed the last 
recorded outcome score and, when appropriate (ie, 
for number and duration of hospital admission and 
number of falls), controlled for length of time in the 
trial as an exposure factor. We treated SF-12 scores 
as completely missing if they were not collected at 24 
months.

When the data suggested that an outcome lacked 
adequate fit to the assumed distribution, we checked 
statistical significance using bootstrapped standard 
errors, based on 1000 bootstrapped samples and 
randomly assigned seed values. We also ran sensitivity 
analyses to assess the stability of key results to 
model specifications: analysing unplanned hospital 
admission and death as time-to-event variables rather 
than as binary outcomes, with patients censored 
on reaching the outcome or loss to follow-up; and 
analysing change in number of drugs from baseline as 
a continuous variable, in place of number of drugs at 
last follow-up as a Poisson count.

In addition to the primary intention-to-treat analysis, 
we re-ran all analyses with the sample restricted to 

patients who fully followed the trial protocol. For 
the per protocol sample we excluded a small number 
of participants who, although randomised, did not 
meet the trial criteria of using eight or more drugs at 
baseline or age 75 or older (n=60) and a larger number 
who officially withdrew (or were withdrawn when 
their practice withdrew) before the 24 month follow-
up (n=349), or did not attend the 24 month follow-up 
(n=101).

No adjustment for multiple testing was applied and 
an α value of 5% was used throughout. Analyses were 
conducted using Stata V15, with the exception of 
data derived from the electronic decision support tool 
(number and types of recommendations generated), 
which were analysed using SPSS V24.

Monitoring
Staff independent of the research team at each 
study centre carried out monitoring according to a 
prespecified protocol. An independent safety and 
data monitoring committee, masked to randomisation 
allocation, regularly reviewed the accumulated trial 
data for safety reasons. However, no concerns arose to 
terminate the trial.

Patient and public involvement
No patients were involved in setting the research 
question or developing plans for design of the study, 
nor were they asked to advise on interpretation or 
writing up of results.

Results
A total of 359 practices recruited 3904 participants. 
After randomisation, the computerised decision 
support group consisted of 181 practices and 1953 
participants (intervention group) and the treatment 
as usual group of 178 practices and 1951 patients 
(control group). The characteristics of the two groups 
were similar at baseline (table 2). On average, the 
participants were aged 81.5 (SD 4.4) years, used 10.5 
(SD 2.4) drugs, and had 9.5 (SD 4.9) diagnoses; 2240 
(57.4%) were women. Small numbers of practices 
and participants were lost between follow-ups owing 
to withdrawal or death (fig 1). Final follow-up data 
were collected for 77% of participants (88% including 
deaths).

Primary outcome
Of 1953 participants in the intervention group, 
871 (44.6%) experienced the primary outcome of 
unplanned admission to hospital or death by 24 
months, and a further 126 (6.5%) were lost to follow-
up. Of 1951 participants in the control group, 944 
(48.4%) were admitted to hospital or died, and a 
further 111 (5.7%) were lost to follow-up. In an 
intention-to-treat analysis (in which participants who 
were lost to follow-up were included as having reached 
the outcome) no evidence was found of a difference 
between the intervention and control groups (odds 
ratio 0.88, 95% confidence interval 0.73 to 1.07; 
P=0.19). Sensitivity analysis using either multiple 
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imputation of missing outcomes (P=0.11) or Cox 
regression (time to unplanned hospital admission 
or death) supported this finding (hazard ratio 0.93, 
95% confidence interval 0.82 to 1.05; P=0.24 (table 
3, fig 2). In an analysis of participants who attended 
practice visits according to protocol only (per protocol 
analysis), a statistically significant risk reduction 
favouring the intervention group was observed (odds 
ratio 0.82, 95% confidence interval 0.68 to 0.98; 
P=0.03, see supplementary appendix table 1).

Secondary outcomes
The key secondary outcome of number of drugs at 
final follow-up was lower in the intervention than 
control arm (table 3: incidence rate ratio 0.95 (95% 
confidence interval 0.94 to 0.97; P<0.001). Sensitivity 
analysis using the change in total number of drugs 
from baseline as a continuous measure supported 
this result: the uncontrolled mean reduction was 
−0.42 (95% confidence interval −0.58 to −0.27) in 

the intervention group compared with 0.06 (−0.06 to 
0.18) in the control group, and the controlled mean 
difference was −0.45 (−0.63 to −0.26; P<0.001). The 
results remained unchanged after further sensitivity 
analysis using multiple imputation and bootstrapping, 
and in the per protocol analysis.

No overall statistically significant differences were 
found between trial arms for the secondary outcomes 
of time to first unplanned hospital admission or time 
to death as single outcomes, number or duration of 
hospital admissions, number of falls, fractures, or SF-
12 physical and mental component scores. Sensitivity 
analysis using bootstrapping when relevant did not 
alter the results for these outcomes.

The total number of recommendations elicited by 
the electronic decision support tool (not visible to the 
doctors in the control group) to adjust or eliminate 
potentially inappropriate drugs did not differ between 
the two trial groups at baseline. Owing to changes in 
drugs during the trial, the number of recommendations 

Table 2 | Baseline characteristics of participants with polypharmacy assigned to a computerised decision support tool 
for comprehensive drug review or treatment as usual (control group). Values are numbers (percentages) unless stated 
otherwise
Characteristics Decision support group (n=1953) Control group (n=1951)
Mean (SD) age (years) 81.5 (4.4) 81.5 (4.5)
Women 1103 (56.5) 1137 (58.3)
Men 850 (43.5) 814 (41.7)
Educational level*:
 Low 788 (40.3) 748 (38.3)
 Medium 739 (37.8) 726 (37.2)
 High 285 (14.6) 292 (15.0)
 Missing 141 (7.2) 185 (9.5)
Smoking status:
 Smoker 66 (3.4) 88 (4.5)
 Former or non-smoker 1806 (92.5) 1776 (91.0)
 Missing 81 (4.1) 87 (4.5)
Body mass index:
 <18.5 15 (0.8) 19 (1.0)
 18.5-24 483 (24.7) 474 (24.3)
 25-29 816 (41.8) 790 (40.5)
 ≥30 639 (32.7) 668 (34.2)
Clinical frailty scale†:
 Fit, well, or managing well 872 (44.6) 771 (39.5)
 Vulnerable 426 (21.8) 442 (22.7)
 Mildly frail 298 (15.3) 362 (18.6)
 Moderately frail 255 (13.1) 250 (12.8)
 Severely or very severely frail 47 (2.4) 58 (3.0)
 Missing 55 (2.8) 68 (3.5)
No of falls in past three months:
 0 1752 (89.7) 1733 (88.8)
 1 154 (7.9) 154 (7.9)
 ≥2 47 (2.4) 64 (3.3)
SF-12 composite scores:
 Physical health 37.1 (9.4) (n=1774) 36.7 (9.6) (n=1710)
 Mental health 48.1 (11.2) (n=1773) 48.2 (11.0) (n=1710)
Mean (SD) No of drugs 10.5 (2.5) 10.5 (2.4)
Mean (SD) No of diagnoses 9.3 (4.4) (n=1952) 9.7 (5.4) (n=1946)
Study centre:
 Bolzano, Italy 451 (23.1) 450 (23.1)
 Manchester, UK 362 (18.5) 331 (17.0)
 Salzburg, Austria 292 (15.0) 295 (15.1)
 Rostock, Germany 475 (24.3) 506 (25.9)
 Witten, Germany 373 (19.1) 369 (18.9)
*According to the international standard classification of education 1997 (ISCED-97).31

†Rockwood et al 2005.29
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decreased in both groups but the reduction at the 
final visit compared with baseline was larger in 
the intervention group (control group −2.43, 95% 
confidence interval −2.61 to −2.25; intervention group 
−3.38, −3.56 to −3.20) (see supplementary appendix 
table 2). Appendix tables 2-9 show more results on the 
number and types of drugs deprescribed.

In per protocol analysis (numbers were reduced 
compared with the per protocol analysis of the primary 
endpoint as a result of missing data), we also compared 

the presence and number of symptoms or possibly 
adverse drug reactions between the control and 
intervention groups at baseline and at the final visit. 
Mean numbers of symptoms were similar between the 
groups at baseline. The number of symptoms declined 
in both groups over the trial by similar amounts and did 
not differ at 24 months (P=0.34) (see supplementary 
appendix tables 10-12).

Use of the electronic decision support tool in the 
intervention group was monitored by counting the 

1951  Patients analysed as intention to treat
Primary (intention to treat) analysis:

all participants using last observation
up to end of study, death, or withdrawal;

except SF-12 (n=1146 (59%) at 24 months)
and number of falls (n=1785 (91%)) 

1953  Patients analysed as intention to treat
Primary (intention to treat) analysis:

all participants using last observation
up to end of study, death, or withdrawal;

except SF-12 (n=1224 (63%) at 24 months)
and number of falls (n=1798 (92%)) 

Analysed as per protocol
Per protocol analysis: 168 clusters, 1712 (88%) 
patients using outcome measures up to end of

study or death; except SF-12 (n=1077 (55%))
at 24 months) and number of falls (n=1628 (83%))

Analysed as per protocol
Per protocol analysis: 167 clusters, 1682 (86%) 
patients using outcome measures up to end of

study or death; except SF-12 (n=1171 (60%))
at 24 months) and number of falls (n=1620 (83%))

8 month follow-up

Practices withdrew
Patients withdrew
Patients died

6
61
90

Practices withdrew
Patients withdrew
Patients died

5
73
69

359 general practices and 3904 patients recruited and baseline measures collected

178 practices and 1951 patients
randomised to treatment as usual

181 practices and 1953 patients randomised to
decision support tool for comprehensive drug review

Practices
Patients attended
Patients did not attend

172
1601

199

Practices
Patients attended
Patients did not attend

176
1576

235

16 month follow-up

Practices withdrew
Patients withdrew
Patients died

2
63
77

Practices withdrew
Patients withdrew
Patients died

5
77
63

24 month follow-up

Practices withdrew
Patients withdrew
Patients died

2
35
62

Practices withdrew
Patients withdrew
Patients died

4
40
73

730 days post-randomisation

Practices
Patients attended
Patients did not attend

170
1574

86

Practices
Patients attended
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Fig 1 | Flow of general practices and participants through study
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number of new datasets for each participant created 
during the study. A new dataset was recorded each time 
a participant’s drug was changed or a study visit was 
made. The doctors in the intervention group created 
18.7 (SD 8.8) datasets for each participant throughout 
the study, whereas doctors in the control group created 
only 12.1 (SD 5.1) datasets.

Discussion
This large randomised controlled trial of elderly 
people (≥75 years) with polypharmacy investigated the 
effects of a decision support tool for comprehensive 
drug review provided electronically to doctors. No 
conclusive evidence was found that first unplanned 

admission to hospital or all cause mortality differed 
between the intervention and treatment as usual 
(control) groups, but the number of drugs was reduced 
in the intervention group.

Even though we found no conclusive evidence in the 
intention-to-treat analysis for an effect on the primary 
outcome, the upper 95% confidence interval of the 
odds ratio of 1.07 (which corresponds to an estimated 
3% increase in risk34) makes it unlikely that the 
reduction in drugs prompted by the decision support 
tool leads to any appreciable increase in number of 
hospital admissions or deaths, as does the statistically 
significant reduction in hospital admissions or deaths 
among participants visiting their general practice 
according to protocol. Taken together, the results 
suggest that the number of drugs was reduced without 
increasing harm to patients, which is a positive result 
in itself.35

It might be possible that the two year observation 
period was too short to observe a clear positive effect. 
This is also suggested by the Kaplan-Meier survival 
plot of combined hospital admissions and deaths, 
as the curves for both treatment groups split after 
about a year and gradually move apart. Although the 
degree of deprescribing appears modest (on average 
0.45 drugs from a baseline of 10.5), at the population 
level this would represent a substantial reduction in 
overall treatment burden and in prescribing costs. 
That deprescribing was directly related to use of 
the electronic decision support tool is supported 
by the corresponding reduction in the number of 
recommendations appearing in follow-up drug 
reviews for intervention participants compared with 
controls, which in itself implies improvement of drug 
appropriateness.

Table 3 | Primary and secondary outcomes at last follow-up

Outcomes
Decision support group Control group Adjusted comparison estimate 

(95% CI) P value (sensitivities)No Estimate* No Estimate*
Primary outcome
First unplanned hospital admission or death† 1953 997 (51.0%) 1951 1055 (54.1%) OR: 0.88 (0.73 to 1.07) 0.19 (MI‡ 0.114)
Sensitivity: time to first unplanned hospital 
admission or death 1953 0.46 (0.01)§ 1951 0.50 (0.01)§ HR: 0.93 (0.82 to 1.05) 0.24

Key secondary outcome
Last recorded No of drugs 1953 10.12 (3.01) 1951 10.52 (2.94) Coefficient¶: 0.95 (0.94 to 0.97) <0.001 (MI<0.001) (BS<0.001)
Sensitivity: change in No of drugs from baseline 1953 −0.42 (2.16) 1951 0.06 (2.04) MD: −0.45 (−0.63 to -0.26) <0.001 (MI<0.001) (BS<0.001)
Other secondary outcomes
Death† 1953 380 (19.5%) 1951 366 (18.8%) OR: 1.01 (0.73 to 1.38) 0.96
Sensitivity: time to death 1953 0.11 (0.01)§ 1951 0.12 (0.01) § HR: 0.90 (0.71 to 1.13) 0.35
First unplanned hospital admission† 1953 945 (48.4%) 1951 990 (50.7%) OR: 0.92 (0.76 to 1.10) 0.36
Sensitivity: time to hospital admission 1953 0.49 (0.01)§ 1951 0.52 (0.01)§ HR: 0.95 (0.83 to 1.07) 0.38
No of unplanned hospital admission 1953 0.76 (1.24) 1951 0.87 (1.34) IRR: 0.91(0.69 to 1.20) 0.51 (BS 0.351)
Duration of unplanned hospital admission (days) 1949 7.89 (17.43) 1948 8.47 (18.18) IRR: 0.95 (0.67 to 1.35) 0.79 (BS 0.707)
No of falls over trial period 1798 0.50 (1.26) 1785 0.51 (1.24) IRR: 1.08 (0.88 to 1.34) 0.44 (BS 0.287)
≥1 fractures during trial period 1953 59 (3.0%) 1951 45 (2.3%) OR: 1.37 (0.87 to 2.16) 0.17
SF-12:
 Physical component score (0-100) 1223 36.73 (9.44) 1146 36.32 (9.11) MD: 0.07 (-0.69 to 0.83) 0.85
 Mental component score (0-100) 1224 46.66 (11.09) 1145 46.27 (11.18) MD: 0.34 (-0.69 to 1.37) 0.52
OR=odds ratio; MI=multiple imputation; HR=hazard ratio; BS=bootstrap; MD=mean difference; IRR=incidence rate ratio.
*Mean (standard deviation) or number (%) unless otherwise indicated.
†Participants who dropped out were analysed as having reached the endpoint.
‡Participants who dropped out were analysed using multiple imputation.
§Estimated proportion (standard error) reaching endpoint by 24 months, from survivor function.
¶Coefficient represents the adjusted ratio of the number of prescribed drugs in participants assigned to electronic decision support versus those assigned to treatment as usual (control group).
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Fig 2 | Kaplan-Meier survival plot of time to death or first unplanned hospital admission 
for participants assigned to an electronic decision support tool or treatment as usual 
(control group): results from intention-to-treat analysis
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Strengths and weaknesses of this study
We postulate that the results of our large randomised 
controlled trial are generalisable to the wider elderly 
population. Since most of the participants were not 
frail, however, our results might not translate so well 
to a frailer population.

Another strength of our trial was the two year 
observation period, which is longer than in most other 
trials in this specialty. The pragmatic nature of the trial 
provides real world evidence of a clinically relevant 
intervention. That the electronic decision support 
tool was not always used as intended, as shown by 
our process evaluation,10 11 reflects daily clinical 
practice. However, this reduces potential effectiveness 
of the tool, which might be reflected by the differing 
result between our intention-to-treat and per protocol 
analyses.

The lack of blinding of doctors and patients because 
of the nature of the trial could be considered a 
weakness. However, we collected baseline data before 
randomisation to assure allocation concealment, and 
we blinded all statisticians involved in data analysis to 
minimise bias.

Also, selection bias might have occurred when 
doctors identified participants. We advised the doctors 
to select a random sample of eligible patients, but we 
were not able to verify this owing to the pragmatic 
nature of the trial. Besides, not all doctors followed the 
instructions to include 11 patients—recruitment varied 
from 1 to 30 participants per practice.

As our trial was international it has the advantage 
that we were able to test the electronic decision support 
tool in various healthcare settings, thus increasing 
generalisability. Important differences do, however, 
exist between the participating countries. Italy and 
the UK have a primary care centred healthcare system, 
hence although we standardised instructions for the 
recording of data, Italian and British doctors might have 
had a better overview of all drug data and diagnoses 
compared with German and Austrian doctors. Any 
impact of this should be balanced between groups by 
the stratified randomisation within research centres, 
and we adjusted for centre effects in the analysis.

In addition, true drug consumption is difficult to 
assess: we instructed doctors to ask their patients 
about all current drugs, but we were not able to verify 
actual drug consumption.

We used a cluster design to avoid contamination 
of the treatment as usual group. However, control 
doctors were aware of the purpose of the trial and this, 
together with regular completion of the electronic case 
report form plus any additional patient consultations, 
might have resulted in more changes to drugs among 
controls than under typical usual care. Any effects of 
this on outcomes would have been conservative in that 
it would have tended to reduce differences between the 
treatment groups.

We were not able to assess whether drug related 
hospital admissions or other drug specific adverse 
events were reduced; however, drugs often associated 
with preventable hospital admissions such as 

antiplatelets or diuretics36 were among the commonly 
deprescribed drugs in the electronic decision support 
group.

A weakness of the decision support tool is that 
it cannot deal with individual patient needs. The 
tool is intended to support doctors and provide 
additional useful information that would otherwise 
be time consuming to obtain. It will never be able to 
replace doctor care as it relies entirely on data that 
are encoded and extracted from the patient record. 
It cannot consider patient preferences. For optimal 
drug treatment it is therefore important that doctors 
discuss the recommendations provided by the 
decision support tool in a shared decision making 
process with patients. Although we asked doctors in 
our trial to use the decision support tool as instructed, 
our process evaluation showed that not all doctors 
complied. This probably led to a lower adherence to 
the recommendations of the tool.

Comparison with other studies
Previous research on the appropriate use of drugs 
in people with polypharmacy consists of a range 
of interventions in different settings using diverse 
study designs and outcomes. Few interventions have 
provided electronic decision support to doctors in their 
own practice.4 Although several studies have shown 
some positive effects, mainly on drug appropriateness, 
in general these interventions had little or no effect on 
hospital admission4 or all cause mortality.5 Our study 
also did not find a conclusive effect on these outcomes, 
but per protocol analysis and the Kaplan-Meier-curve 
make it likely that proper use of the decision tool for a 
longer period could be beneficial.

Despite different definitions of number of drugs used 
and considerable heterogeneity in results, a systematic 
review of polypharmacy interventions estimated a 
mean reduction in drug numbers of 0.2 under the 
intervention but an increase of 0.2 under the control 
condition.5 This is consistent with our finding of a 
reduction of 0.45 between groups.

Implications of the findings and suggestions for 
future research
We postulate that the evidence derived from this study 
is strong enough to support implementation of the 
electronic decision support tool for comprehensive 
drug review on a wider scale. Furthermore, efforts 
at the policy level are needed to provide resources 
to use the tool in daily practice routine, discuss 
the recommendations of the tool with patients in a 
shared decision making process, and deprescribe 
inappropriate drugs during regular consultations. 
Eventually, this should lead to an improved integration 
of the support tool into doctors’ workflow.

Future efforts should focus on integrating the 
decision support tool into the electronic health records 
used by doctors, as the extra entry of patient data into 
the electronic case report form is time consuming.11 
Consideration should also be given to adding drug start 
recommendations to the electronic decision support 
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tool to avoid underuse. Widespread implementation of 
an adapted version of the tool should be accompanied 
by research to assess intended and unintended effects 
in daily routine practice.

Conclusions
Although no conclusive evidence for the reduction 
of a composite of unplanned hospital admission 
or death was found within the follow-up period of 
two years, a reduction in prescribing was achieved 
without detriment to patient outcomes. We feel this 
evidence is strong enough to support implementation 
of the electronic decision support tool on a wider 
scale, preferably integrated within electronic health 
records.
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