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ABSTRACT
Objective  To investigate the effect of pharmacist-led 
medicines management in multimorbid, hospitalised 
patients on long-term hospital readmissions and 
survival.
Design  Parallel-group, randomised controlled trial.
Setting  Recruitment from an internal medicine hospital 
ward in Oslo, Norway. Patients were enrolled consecutively 
from August 2014 to the predetermined target number 
of 400 patients. The last participant was enrolled March 
2016. Follow-up until 31 December 2017, that is, 21–40 
months.
Participants  Acutely admitted multimorbid patients ≥18 
years, using minimum four regular drugs from minimum 
two therapeutic classes. 399 patients were randomly 
assigned, 1:1, to the intervention or control group. After 
excluding 11 patients dying in-hospital and 2 erroneously 
included, the primary analysis comprised 386 patients 
(193 in each group) with median age 79 years (range 
23–96) and number of diseases 7 (range 2–17).
Intervention  Intervention patients received pharmacist-
led medicines management comprising medicines 
reconciliation at admission, repeated medicines reviews 
throughout the stay and medicines reconciliation and 
tailored information at discharge, according to the 
integrated medicines management model. Control patients 
received standard care.
Primary and secondary outcome measures  The 
primary endpoint was difference in time to readmission or 
death within 12 months. Overall survival was a priori the 
clinically most important secondary endpoint.
Results  Pharmacist-led medicines management had 
no significant effect on the primary endpoint time to 
readmission or death within 12 months (median 116 vs 
184 days, HR 0.82, 95% CI 0.64 to 1.04, p=0.106). A 
statistically significantly increased overall survival was 
observed during 21–40 months follow-up (HR 0.66, 95% 
CI 0.48 to 0.90, p=0.008).
Conclusions  Pharmacist-led medicines management had 
no statistically significant effect on time until readmission 
or death. A statistically significant increased overall 
survival was seen. Further studies should be conducted to 
investigate the effect of such an intervention on a larger 
scale.
Trial registration number  NCT02336113.

INTRODUCTION
Increased life expectancy and steadily 
improving healthcare contribute to a growing 
subpopulation of multimorbid patients, 
commonly defined as having a minimum of 
two conditions.1–3 The prevalence of multi-
morbidity is reported to be 20%–30% in the 
general population, 55%–98% in the elderly 
and 22%–65% in hospitalised patients.4–6 
Multimorbidity is associated with the use of 
multiple drugs, increased use of healthcare 
services and reduced life expectancy.3 7–9 The 
organisation of healthcare services and treat-
ment guidelines is, however, mainly focused 
on single diagnoses, while coexisting diag-
noses or use of multiple drugs are rarely 
taken into account.10 11 Studying the care of 
multimorbid patients is crucial to managing 
the future global challenge of ensuring safe, 
effective and evidence-based care to these 
patients.1 11 12

Multimorbid patients using numerous 
drugs are at high risk of harm by drug-related 
problems (DRPs).13 14 DRPs are reported to 
cause 10%–30% of all hospital admissions, 
whereof a high proportion is preventable.15–17 
Drugs also cause problems during the hospital 
stay,18 19 which pose a risk of readmissions.20 21 
A recent Cochrane review found no evidence 
that medicines reviews reduce hospital read-
missions or mortality.22 The authors state 

Strengths and limitations of this study

►► Randomised controlled design, blinded in the steps 
possible to blind.

►► Included almost 200 high-risk multimorbid patients 
in each group and followed them for 20–41 months.

►► Hard endpoints, readmissions and mortality, collect-
ed from national registers.

►► Inclusion from a single hospital in Norway.
►► Spillover effect may have reduced the effect estimate.
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that important effects may have been overlooked due 
to short follow-up in included studies, and request high-
quality studies with long follow-up in high-risk patient 
populations.22

The integrated medicines management (IMM) model 
has been established as a tool for clinical pharma-
cists to optimise and individualise drug therapy.23 IMM 
comprises a systematic approach to ensure high-quality of 
the use of drugs throughout the hospital stay, comprising 
a three-step procedure, that is, medicines reconciliation 
at admission, medicines reviews during the stay and medi-
cines reconciliation and information at discharge.23–27 
Nevertheless, only a very limited number of clinical 
pharmacists are working in Norwegian hospitals, hence 
standard care for hospitalised patients does not include 
IMM or other services by clinical pharmacists. Several 
studies have investigated the effect of implementing 
either parts of, or the complete IMM model on different 
efficacy measures,23–25 28 but to our knowledge, not in 
multimorbid patients. The objective of the present study 
was to investigate the effect of pharmacist-led medicines 
management in multimorbid, hospitalised patients on 
long-term hospital readmissions and survival.

MATERIALS AND METHODS
Study design
This parallel-group, randomised controlled trial was 
conducted at the internal medicine ward, Oslo University 
hospital (Ullevaal), Norway. The ward comprised 24 beds 
and mainly received patients with multiple medical issues, 
in particular haematological, endocrine, infectious and/
or cardiovascular. Patients were considered for inclu-
sion Monday to Friday during regular daytime working 
hours, from 30 August 2014, until the predetermined 
target number of 400 patients was enrolled. Eligible 
patients were prospectively invited and enrolled in the 
study following written informed consent. Online supple-
mentary appendix S1 shows the original trial protocol, 
protocol amendments, the statistical analysis plan and the 
timeline of the study with the milestones. Online supple-
mentary appendix S2 shows the Consolidated Standards 
of Reporting Trials checklist. Figure 1 gives a graphical 
depiction of the study design, as suggested for studies of 
complex interventions.29

The trial was registered in ​ClinicalTrials.​gov, identifier: 
NCT02336113, in June 2014. Due to a minor Protocol 
Registration and Results System review comment, the trial 
was first published on their website in January 2015. A 
clarification that readmission data were to be harvested 
from the Norwegian Patient Registry, was the only addi-
tion to the original registration. The trial is closed for new 
participants.

Participants
Inclusion criteria were: acute admission, age ≥18 years 
and use of at least four regular drugs from minimum 
two therapy classes (Anatomical Therapeutic Chemical30 

at first level) at admission. The latter was chosen as the 
preferred multimorbidity measure,31 as drug counts were 
considered more reliable than disease counts in the acute 
hospital admission setting. Drugs were counted before 
medicines reconciliation. However, if the medicines 
reconciliation revealed that this inclusion criterion was 
not fulfilled, the patient was excluded from the study. 
Exclusion criteria were (1) terminally ill, (2) isolated 
due to severe infections or (3) unable to communicate 
in Norwegian or English and no translator available. 
Patients readmitted during the study period were not 
invited for ‘a second’ inclusion.

Randomisation and blinding
The patients were randomised 1:1 to the intervention or 
control group. Centre for Biostatistics and Epidemiology, 
Oslo University Hospital, was responsible for the randomi-
sation procedure. Their staff had no contact with patients, 
study pharmacists or ward staff. A random number gener-
ator programme and a permuted block design were used 
to generate the randomisation sequence, which was deliv-
ered to the study pharmacists in sequentially numbered, 
opaque, sealed envelopes. The investigators were blinded 
to block size, which was randomly varied. Randomisation 
took place following patient inclusion and baseline assess-
ments. A study pharmacist assigned the envelope with the 
lowest number to the individual participant and signed 
the allocation before the envelope was opened.

It was neither feasible to blind participants nor study 
pharmacists to the allocation. It was also known by ward 
staff which of the patients belonged to the intervention 
group. Ward staff was, however, unable to distinguish 
between patients randomised to the control group 
and patients not participating in the trial. The primary 
endpoint analysis was conducted on a blinded dataset (by 
researchers who did not see patients). The staff from the 
Norwegian Patient Registry and the Norwegian Cause of 
Death Registry providing outcome data were not involved 
in data collection or preparation of data files and were 
blinded to group allocation.

Data collection and baseline assessments
During the inclusion period, six clinical pharmacists, 
all with a master’s degree in clinical pharmacy and stan-
dardised training in IMM, collected data, conducted 
baseline assessments and provided the various steps of 
the intervention. All steps were standardised using trans-
lated IMM procedures adapted to the Norwegian hospital 
setting.23–27 32 A DRP was defined according to the Phar-
maceutical Care Network Europe as ‘an event or circum-
stance involving drug therapy that actually or potentially 
interferes with desired health outcomes’.33

Blood samples were collected for biochemical anal-
yses. Glomerular filtration rate was calculated using the 
Cockcroft-Gault formula,34 except for obese patients 
(body-mass index >30), for whom the Salazar-Corcoran 
formula was used.35 An experienced senior physician 
retrospectively collected information from medical 
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Figure 1  Graphical depiction of the study design, inspired by Perera et al.29 Objects are represented by squares and activities 
by circles.
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records to calculate the Charlson Comorbidity Index 
(CCI) score.36

Before allocation, baseline assessments were conducted 
for all included patients, comprising medicines recon-
ciliation and review. The purpose of these baseline 
assessments was to assess the prevalence of DRPs and 
drug-related hospitalisations.37 These medicines reviews 
included only drugs used before admission, not drugs 
initiated during transport, or following hospital admis-
sion. The pharmacists had access to the patient’s medical 
history and laboratory results up to and including admis-
sion time. Importantly though, medicines discrepancies, 
that is, mismatches between the reconciled drug list and 
the list recorded at hospital admission, and DRPs revealed 
during these baseline assessments were neither discussed 
in the multidisciplinary treatment team, nor documented 
in the patient record. Before allocation, the study phar-
macist assessed whether any medicines discrepancy or 
DRP could result in irreversible detrimental effects or 
death if not handled immediately. If the patient was allo-
cated to the control group, any such issue was discussed 
with a senior physician (MM) who decided whether it was 
necessary to intervene.

The intervention group: in-hospital pharmacist-led medicines 
management
The thorough intervention implied the inclusion of 
clinical pharmacist(s) in the patients’ multidisciplinary 
treatment team throughout the hospital stay, working in 
close collaboration with the patient, physicians and other 
members of the team, as shown in figure  1. The medi-
cines management process can be divided into three parts 
covering the patients’ hospital stay; medicines reconcil-
iation at admission, medicines review repeatedly during 
the entire stay and medicines reconciliation and tailored 
information at discharge.23–27 Medicines reviews were 
performed at admission and repeatedly as needed due to 
changes in either prescription, patient symptoms, clinical 
state and/or laboratory values. Patients were reviewed 
for such changes daily, Monday to Friday, during regular 
daytime working hours.

During medicines reviews, a list of predefined risk 
categories, all described in detail in table 1, were system-
atically addressed for each drug in each patient. Further-
more, an overall benefit–risk assessment was made with 
the main goal of tailoring drug therapy to the individual 
participant, giving significant weight to the patient 
perspective. Medicines discrepancies and DRPs revealed 
during both baseline assessments and the hospital stay 
were discussed in the multidisciplinary treatment team. 
At discharge, a medicines reconciliation was conducted, 
followed by written and oral information tailored to the 
patient’s further needs of care, provided to the patient 
and/or next care provider, see figure 1. The main goals of 
this step were to answer drug questions, to ensure contin-
uous treatment, to increase adherence, and to provide 
the patient and/or next care provider a complete over-
view of all drugs.

The control group: standard care
The control group received standard care, see figure 1, 
which in line with standard procedures in Norwegian 
hospitals included neither medicines reconciliation nor 
medicines reviews or any other service from clinical 
pharmacists. Medicines discrepancies and DRPs revealed 
during baseline assessments in control patients were only 
registered in the research database, and not discussed in 
the multidisciplinary treatment team.

Endpoints
The primary endpoint was time to first hospital readmis-
sion or death within 12 months after discharge.

Secondary endpoints:
►► Overall survival.
►► Number of unplanned hospitalisations per patient 

within 12 months after discharge.
►► Proportion of patients:

–– With unplanned hospitalisations within 30 days, 6 
months and 12 months after discharge.

–– Who died within 30 days, 6 months, 12 months and 
20 months after discharge.

–– Who died or had unplanned hospitalisations within 
30 days, 6 months and 12 months after discharge.

►► Length of stay (LOS) of first hospital readmission.
►► Time to the first unplanned readmission within 12 

months after discharge, censored for deaths.
In the original trial protocol, included in online supple-

mentary appendix S1, the difference between the control 
and intervention group in time to the first readmission 
was defined as the primary endpoint without further spec-
ification. As death is a competing risk to readmissions, it 
was considered appropriate to use the difference in time 
to readmission or death as the primary endpoint. This was 
clarified in the statistical analysis plan, which was finalised 
and signed before outcome data files were available.

Data on readmissions were provided by the Norwegian 
Patient Registry and data on mortality by the Norwegian 
Cause of Death Registry. We had originally planned a 
follow-up of 12 months. However, as both the inclusion 
period and the retrieval of outcome data took longer 
than planned, we decided to extend the follow-up of 
all patients to 31 December 2017, to increase statistical 
power. This amendment was described in the statistical 
analysis plan, which was finalised and signed before any 
outcome data files were available. Because the inclusion 
period lasted approximately 1.5 years, the follow-up of 
each individual patient was in the range 21–40 months.

The primary efficacy analysis was a modified intention 
to treat-analysis excluding patients who died during the 
index hospital stay as they were never at risk for readmis-
sion, as well as erroneously included patients. The anal-
ysis population was defined before outcome data files 
were received.

Sample size
The sample size calculation was based on an expected 
12-month readmission frequency of 50%.23 It was 
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estimated that to detect a 15% absolute reduction in 
hospital readmissions with 80% power and a significance 
level of 5%, we would need 168 patients in each group. To 
compensate for any dropouts, it was decided to enrol 200 
patients in each group. Sample size calculations based on 
proportions are generally considered reliable for survival 
analysis, but might in some instances overestimate the 
required sample size.38 In other words: since a survival 
analysis utilises the information better than a comparison 
of proportions at a given time, the power will be some-
what higher than estimated above.

Statistics
Time-to-event endpoints were compared between 
groups by the Kaplan-Meier method and the log-rank 
test. Cox’s proportional hazards model was applied to 
estimate hazard ratios (HRs), which are presented with 
95% confidence intervals (CIs). The proportionality 
assumption was checked by visual inspection of log(-log) 
plots. Continuous variables were compared between the 
two groups using Mann-Whitney tests. In an additional 
sensitivity analysis of time to readmission, which was not 
included in the statistical analysis plan, death was treated 
as a competing risk using the Fine and Grey method.39

Statistical analyses were performed by IBM SPSS Soft-
ware version 25.0 (IBM Corp. NY) and STATA 16. P 
values<0.05 were regarded as statistically significant.

Patient and public involvement
During the planning of the study, patient representatives 
from the medical clinic participated in the preparation 
of the patient information leaflet and provided input on 

the study design, for example, the choice of the primary 
endpoint.

RESULTS
During the study period, 30 August 2014 to 17 March 
2016, 2174 patients were admitted to the internal medi-
cine ward and 1769 (81%) were assessed for eligibility. 
Figure 2 shows the patient flow. Among the 598 patients 
invited to participate, 175 (29%) declined (permission 
to register reasons for declining not obtained). A total 
of 399 patients were randomised, 200 to the intervention 
group and 199 to the control group. Following randomi-
sation, 11 patients (5 intervention and 6 control) who 
died during the hospital stay and two patients (both 
intervention) who were erroneously included, were 
excluded from the analyses. Thus, the analysis population 
for all endpoints comprised 193 patients in each group, 
all followed-up until 31 December 2017, that is, for a 
minimum of 21 months and a maximum of 40 months.

The median age in the analysis population was 79 years 
(range 23–96), 356 (92%) were home dwelling before 
hospitalisation and 213 (55%) were women. The median 
number of regular drugs at hospital admission was 8 (range 
4–19). The median number of diseases was 7 (range 2–17) 
and the median CCI score was 3 (range 0–12). The median 
number of DRPs per patient identified during baseline 
assessments was 13 (range 3–42). The baseline character-
istics of the patients in the control versus the intervention 
group are presented in table 2. No differences of impor-
tance were observed between the groups.

Figure 2  Patient flow.
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In the group receiving pharmacist-led medicines 
management, a total of 3826 DRPs were revealed at 
hospital admission and during the hospital stay. Type 
of DRPs revealed and presented for discussion in the 
multidisciplinary team and the respective acceptance 
rates will be presented in a separate publication. In 
overall numbers, 1100 of the 3826 identified DRPs (29 
%) were solved without the need for discussion in the 

multidisciplinary treatment team, while 1075 (28%) 
were not prioritised for discussion, that is, considered 
of low importance compared with other DRPs or the 
patients‘ clinical state. The remaining 1651 (43 %) DRPs 
were discussed in the multidisciplinary team, whereof 
1022 (62 %) led to immediate changes in the individual 
patient’s drug treatment. In 6 of the 193 control patients 
(1.5 %) severe medicines discrepancies or DRPs that 

Table 2  Characteristics of patients in the analysis population

Characteristic Control (n=193) Intervention (n=193)

Women 106 (55%) 102 (53%)

Age 80.7 (23.1–96.4) 78.0 (25.7–95.6)

No of unplanned hospitalisations last 6 months 1 (0–6) 0 (0–11)

Charlson Comorbidity Index score 3 (0–12) 2 (0–11)

Most frequent medical history:

►► Hypertension 91 (47%) 108 (56%)

►► Endocrine and metabolic diseases 77 (40%) 80 (42%)

►► Kidney disease 63 (33%) 73 (38%)

►► Congestive heart failure 81 (42%) 68 (35%)

►► Arrhythmia 72 (37%) 71 (37%)

Body mass index* 24.4 (14.4–48.4) 25.0 (13.1–43.3)

Laboratory results:

►► Glomerular filtration rate (mL/min) 49 (8–235) 52 (9–229)

►► Serum albumin (g/L)† 38 (24–51) 38 (22–56)

►► C reactive protein (nmol/L) 133 (0–3419) 152 (0–5248)

No of prescribed drugs‡ at hospital admission:

►► Regular 8 (4–19) 8 (4–19)

►► On demand 2 (0–10) 2 (0–11)

Assistance with drug administration before hospitalisation:

►► Multidose 51 (26%) 46 (24%)

►► Home nurse 33 (17%) 28 (15%)

►► Nursing home 15 (8%) 15 (8%)

►► Relative 13 (7%) 14 (7%)

Home-dwelling before hospitalisation 178 (92%) 178 (92%)

No of drug-related problems 13 (3–31) 13 (3–42)

Length of index hospital stay, no of days 8 (2–57) 7 (1–66)

Total no of prescribed drugs at hospital discharge 11 (3–24) 11 (3–23)

Discharged to home 124 (64%) 129 (67%)

Assistance with drug administration after discharge:

►► Multidose 28 (15%) 26 (14%)

►► Home nurse 32 (17%) 21 (11%)

►► Nursing home 51 (26%) 51 (26%)

►► Relative 7 (4%) 11 (6%)

►► Other institution/hospital ward 18 (9%) 13 (7%)

Data are n (%) or median (range).
*Body mass index was registered for 144/193 control patients and 148/193 intervention patients.
†Serum albumin was registered for 181/193 control patients and 187/193 intervention patients.
‡After medicines reconciliation.
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had to be intervened on were revealed during baseline 
assessments.

Figure 3A shows time to first readmission or death in 
the two groups. The median time to readmission or death 
was 184 days in the intervention group and 116 days in 
the control group, but the difference was not statistically 
significant (HR 0.82, 95% CI 0.64 to 1.04, p=0.106). Sensi-
tivity analyses, extending follow-up until 31 December 
2017, or excluding control patients who were intervened 
on, did not influence the effect estimate (HR 0.84, 95% 
CI 0.68 to 1.05, p=0.118 and HR 0.85, 95% CI 0.68 to 1.06, 
p=0.149, respectively). The secondary endpoint analysis 
of time to first readmission, censoring for 20 deaths, gave 
a similar effect estimate (HR 0.81, 95% CI 0.63 to 1.04, 
p=0.104), shown in online supplementary appendix S3. 
When death was instead treated as a competing risk the 
subdistribution HR was SHR 0.83, 95% CI 0.64 to 1.06, 
p=0.137.

There was a statistically significant difference in overall 
survival (HR 0.66, 95% CI 0.48 to 0.90, p=0.008), as shown 
in figure 3B. The results of other the secondary endpoint 
analyses are shown in table 3. Within 20 months after the 
index discharge, 27% of the intervention patients had 
died vs 39% of the control patients.

DISCUSSION
Pharmacist-led medicines management in multimorbid 
patients did not statistically significantly prolong the 
time until first readmission or death compared with 
control patients. The result is in contrast with previous 
randomised controlled trials (RCTs) on similar interven-
tions provided to other patient populations, showing a 
decreased readmission rate, prolonged time to readmis-
sion, and a reduction in hospital visits.23 40–42 This contrast 
may be explained by the patient population. To our 
knowledge, our study is the first to investigate the effect 
of a medicines management intervention on clinically 
relevant endpoints in multimorbid patients with complex 
drug regimens. In this population, urgent medical care 
like hospital readmissions might be difficult to avoid. 
This theory is supported by a subgroup analysis of one of 
the previous RCTs, which found that in patients 80 years 
or older a pharmacist intervention was more effective 
in preventing emergency department visits in patients 
using less than five drugs compared with patients using 
five drugs or more.28 However, it should be noted that 
the 95% CI in our study is wide and compatible with a 
risk reduction of 36% as well as a 4% increased risk. The 
sample size calculation in the current study was based on 
a target 15% reduction in readmissions, which may have 
been optimistic, and insufficient power may therefore 
explain the non-significant result.

A statistically significantly increased overall survival, 
one of the secondary endpoints, was seen in patients in 
the intervention vs the control group. The hazard reduc-
tion of 34% is indisputably clinically relevant and reflects 
a great improvement potential in the care of multimorbid 
patients. To our knowledge, this is the first study to show 
an effect of pharmacist-led medicines management on 
survival. This endpoint was either not investigated,23 42 or 
no effect was seen40 41 in the previous RCTs. The results 
of our study are in contrast to the recent Cochrane review 
concluding that ‘medication review does not seem to 
prevent death and hospital readmissions’.22 The reason 
for this discrepancy is most likely multifactorial and due 
to differences in patient populations, characteristics of 
the interventions, and the duration of the follow-up. 
Important differences in the patient populations include 
older patients in the study by Gillespie et al,40 and that the 
study by Ravn-Nielsen et al43 included patients with lower 
mortality than the current study, that is, mortality rates of 
10% vs 19%, respectively, in the control group at 6 months 
after index discharge. In our study, a thorough interven-
tion conducted close to the patient, including medicines 
reconciliation both at admission and discharge as well as 

Figure 3  (A) Time to first hospital readmission or death in 
the intervention versus the control group. (B) Overall survival 
in the intervention versus the control group.
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improved information at discharge to ensure continuous 
treatment and increase adherence, may constitute char-
acteristics of the intervention important for the effect on 
survival. Clinical pharmacists performing the procedures 
of the intervention in close collaboration with the patient, 
physician and other members of the treatment team are 
most likely also important for obtaining the effect on 
survival. At last, the longer follow-up in the present study, 
prolonged by several months compared with the other 
RCTs,40 43 could have allowed prophylactic drugs added 
during medicine reviews enough time to achieve bene-
ficial effects22 and probably contributes to explain the 
intervention’s effect on survival.

Heterogeneity in the pharmacist-led in-hospital inter-
ventions, including various elements of various intensity, 
make comparisons of results among studies, as well as 
interpretation of results, challenging.22 44 Furthermore, 
such interventions are indisputably complex, and evalu-
ating such interventions is complicated.45 46 The interven-
tion consists of various components delivered as an overall 
intervention. With such a design, it is not known whether 
the overall intervention or only parts of it are important 
for effect. The intervention in the current study consisted 
of elements of the highest level of intensity, that is, 
diamond-level medicines reconciliation44 47 and advanced 
medicines reviews.48 In the recent RCT from Denmark, 
a similar intervention of similar intensity reduced emer-
gency department visits and hospital readmissions but 
did not have an effect on mortality,43 that is, the opposite 
of our results. Differences in eligibility criteria, nuances 
in the delivered intervention and/or care delivered to 
control patients, clinical pharmacists’ training and how 
they interacted with the rest of the multidisciplinary 

treatment team may be factors contributing to explain 
this. The current study nevertheless adds to the interna-
tional body of literature that high-intensity, in-hospital 
pharmacist-led interventions to tailor drug therapy may 
improve clinical outcomes in high-risk patients.

The intervention had no effect on the LOS of the 
first readmission. This was not surprising, as hospitals 
in Norway for several years have received incentives to 
reduce LOS, illustrated by as short as 6 days median LOS 
of the first readmission in the present study. In compar-
ison, an IMM-intervention showed a reduction from 13.1 
days to 9.7 days LOS of the first readmission in Northern 
Ireland.23 The number of unplanned hospitalisations 
during 12 months follow-up did not differ between the 
groups in the present study, in line with findings by 
Gillespie et al40

Drug counts were chosen as the preferred multimor-
bidity measure at patient inclusion, which could be seen 
as a limitation. Nonetheless, this strategy resulted in 
the inclusion of a multimorbid patient population, as 
validated by diseases counts according to the generally 
accepted definition.3 Our study included patients from a 
single hospital in Norway which may challenge the gener-
alisability. However, the study had few exclusion criteria, 
thus comprising a broad population. The low drop-out 
rate further contributes favourably to external validity.

It was not feasible to blind participants, study pharma-
cists or ward physicians to group allocation. To limit bias, 
the study was blinded on all steps considered possible to 
blind. Any spillover effect of the intervention to control 
patients would, in any case, reduce the effect estimate. 
Due to the complexity of the intervention a proportion 
of the intervention patients did not receive the complete 

Table 3  Secondary endpoint analyses

Endpoint
Intervention group
(n=193)

Control group
(n=193) P value

No of unplanned hospitalisations per patient within 12 months 
after discharge, median (range) 1 (0–13) 1 (0–12) 0.212

Length of hospital stay of first unplanned hospitalisation, median 
no of days (range) 6 (1–58) 6 (1–71) 0.576

No of patients unplanned hospitalised within

►► 30 days after index discharge, n (%) 37 (19) 46 (24) 0.265

►► 6 months after index discharge, n (%) 89 (46) 103 (53) 0.154

►► 12 months after index discharge, n (%) 115 (60) 129 (67) 0.139

No of patients who died within

►► 30 days after index discharge, n (%) 4 (2) 7 (4) 0.359

►► 6 months after index discharge, n (%) 24 (12) 36 (19) 0.092

►► 12 months after index discharge, n (%) 44 (23) 56 (29) 0.163

►► 20 months after index discharge, n (%) 52 (27) 76 (39) 0.009

No of patients who died or was unplanned hospitalised within

►► 30 days after index discharge, n (%) 41 (21) 51 (26) 0.232

►► 6 months after index discharge, n (%) 96 (50) 113 (59) 0.082

►► 12 months after index discharge, n (%) 125 (65) 139 (72) 0.125
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intervention, which may also have contributed to the 
non-significance on the primary endpoint and an under-
estimation of the effect on survival. The broad inclusion 
criteria may have resulted in the inclusion of participants 
at low risk of readmission and death, which might also 
have contributed to the non-significant result on the 
primary endpoint, as well as buffered the effect of the 
intervention on survival. Studying the effect of pharma-
cist-led medicines management in a subgroup of multi-
morbid patients at the highest risk of readmission, for 
example, by stratifying on frailty, could be useful. The 
randomised controlled design and the long follow-up of 
all patients are factors that strengthen the study.

CONCLUSION
Pharmacist-led medicines management in-hospital to 
multimorbid patients had no statistically significant effect 
on time until readmission or death. A statistically signifi-
cant increase in overall survival was seen. As a response to 
the increasing challenges of providing safe and evidence-
based healthcare to high-risk multimorbid patients, 
further studies should be conducted to investigate the 
effect of such an intervention on a larger scale.
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