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Abstract 

Background

Drug related problems (DRP) may cause morbidity, mortality and hospital re-admissions. It is un-

clear whether a clinical medication review (CMR) is a cost-effective method to reduce the number 

of DRP.

Methods

An economic evaluation was performed alongside a randomized controlled trial. Older patients 

using five or more prescription-only drugs at hospital discharge were randomized to usual care or 

CMR and usual care. The clinical outcome measure was the change in the number of DRP after one 

year of follow-up, identified by independent community pharmacists using a validated checklist. In 

198 patients, health care use was prospectively assessed. Missing data on effects and costs were 

imputed using multiple imputation techniques. Bootstrapping techniques were used to estimate 

the uncertainty around the differences in costs and  incremental cost-effectiveness ratios.

Results

There was a marginally larger reduction in the number of DRP in the intervention group as com-

pared to the control group. The proportion of patients readmitted to the hospital during six 

months of follow-up was significantly higher in the intervention group as compared to the control 

group (46.0 vs. 20.3 %; p< 0.05). Health care costs were higher in the intervention group than in 

the control group, although not statistically significant. The costs of reducing one DRP by CMR 

amounted €3,816.

Conclusion

A CMR after hospital discharge in older patients with polypharmacy led to a small reduction in DRP 

but higher health care use. The number of re-hospitalizations was significantly higher after CMR. 

The intervention proved not cost-effective in this population of highly vulnerable patients. 
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Background

Since the publication of the report ´To Err Is Human´ by the US Institute of Medicine in 1999 con-

cerning the frequent occurrence of drug related problems (DRP), awareness of medication safety 

has strongly increased1. DRP may be the cause of morbidity, mortality and readmission, particu-

larly in older patients using multiple drugs for the treatment of a chronic disorder discharged from 

hospital2-4. DRP are not only a burden to patients and their relatives but also to society as they may 

incur high costs5-7. In 2008 the Hospital Admissions Related to Medication (HARM) study showed 

that 5.6% of the unplanned hospital admissions in the Netherlands were medication related, of 

which half might have been prevented8. Increasing efforts have been made to implement pro-

grams to reduce the occurrence of DRP and related hospital admissions. 

The involvement of a pharmacist in the care of older patients with polypharmacy is one of the 

most commonly described measures to optimise prescribing and reduce DRP3,9. In the UK the Na-

tional Service Framework for Older People recommends to regularly conduct medication reviews 

accompanied by paid medicine management services10. A recent systematic review on the effects 

of a clinical medication review (CMR) on clinical outcomes, health care use and costs showed 

that the number of DRP may be reduced but that the effect on health care utilization and more 

specific hospital (re)admissions is ambiguous11. In addition, the number of  studies investigating 

the cost-effectiveness of a CMR is limited and their results are also heterogenous10,12,13. However, 

it  is not unlikely that the benefit of a CMR will be especially applicable to patients with a high risk 

of DRP, such as older patients using a combination of drugs for the treatment of chronic disorders 

and those with one or more chronic disorders discharged from hospital. Therefore, the aim of the 

present study was to assess the effect of a CMR on health care utilization and to investigate wheth-

er CMR is a cost-effective method to reduce DRP in older patients using a combination of drugs for 

the treatment of chronic disorders who are discharged from hospital.

Methods
 

Study design and population

An economic evaluation was performed alongside a randomized clinical trial to inves-

tigate the effect of a CMR on the occurrence of DRP in older patients  (>60 yrs) using five or 

more prescription-only drugs for the treatment of a chronic disorder after discharge from 

hospital. Patients were randomized to receive either usual care or a CMR at discharge fol-

lowed by usual care by their community pharmacist14. A total of 24 community pharmacies in 

the Amsterdam area participated in the study. All patients provided informed consent at the 

start of the study. The study was approved by the Medical Ethical Committee of the VUmc. 
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Intervention

The design of the CMR has previously been described in detail14. Briefly, pharmacists were instruct-

ed to conduct a CMR including a medication analysis, treatment analysis, patient interview and 

counseling shortly after patients’ discharge from the hospital. 

For the medication and treatment analysis, all prescribed drugs dispensed during the last half 

year preceding the date of inclusion were evaluated with respect to drug choice, dosing, drug 

interactions and (potential) DRP. DRP were categorized using the Pharmaceutical Care Network 

Europe DRP-score form15. GP and, if applicable, medical specialists were contacted by community 

pharmacists for information about the chronic diseases of the patients, indications for drugs and 

results of laboratory tests. Causes for DRP were assessed and communicated with the patient and 

GP which could result in an adaptation of the drug regimen. 

Patients randomised to the intervention group were comprehensively informed about the use, 

effects and side effects of their medication. They were motivated by a trained pharmacy techni-

cian with the help of a structured interview protocol according to the motivational interviewing 

principle to sustain or improve their drug adherence. Home supplies of drugs were checked and 

rationalised at each visit. All patients received a written outline of their drug regimen. Cancelled 

and redundant drugs were taken in.

Clinical outcome measures

The clinical outcome measure of this study is the difference in the number of DRP between inter-

vention and control group after one year of follow-up. The identification of DRP was assessed by 

an independent community pharmacist on the basis of a medication analysis of the patient regis-

tered in the pharmacy information and administration system. A checklist including common drug 

problems was used to determine the prevalence of DRP in patients in the control and intervention 

group at baseline and after one year of follow-up16.

Cost measures

Formal and informal health care use was assessed from a societal perspective using monthly costs 

calendars in which health care use was prospectively registered by the patient. The following re-

sources were included in the calendars: (home)visits to the GP, visits to a medical specialist, use of 

physical therapy, home care and finally number of days of re-hospitalisation. Use of informal care 

such as help from neighbours, family and friends was also included. Cost calendars were provided 

to the patients at the start of the study. Patients were asked to fill out the calendar each time they 

used health care and to return the calendar to the researchers at the end of each month. Patients 

who did not return the calendars were contacted by the researchers. Costs of resource use were 

calculated using Dutch unit prices (Table 1)17.
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Table 1. Baseline characteristics of the study populations according to randomization.

 Control (n=103) Intervention (n=95) P-value

Age 74.1 (8.1) 75.2 (9.3) 0.38

Men (%) 43.7 48.4% 0.50

Educational level (%):  

low 29.1 31.1 0.57

medium 53.5 45.9  

high 17.4 23.0  

Dutch nationality (%) 95.6 92.4 0.67

Number of medications used 8.3 (2.9) 8.7 (2.7) 0.30

Number of diseases 3.2 (1.6) 2.7 (1.4) 0.02

Number of drug related problems (DRP) 1.6 (1.5) 1.6 (1.3) 0.99 

Data are presented as mean (SD) or proportions

Additional measures

Information on educational level and nationality of the patient was obtained using self-admin-

istered questionnaires. The number of medications used by the patient was determined during 

the medication analysis. The number of chronic diseases was assessed using medical records of 

patients’ GP.

Statistical analysis

Analyses were performed according to the intention-to-treat principle. Patients who died during 

follow-up were excluded from the analysis. In this vulnerable population part of the data was miss-

ing. Data of complete cases, i.e. patients who completed  six subsequent calendars after hospital 

discharge, were used to investigate details on health care use. Data of patients with at least one 

calendar during the first six months after hospital discharge were multiply imputed. Missing data 

on effects and costs were imputed using multiple imputation by chained equations using predic-

tive mean matching. Baseline variables related to missing data on costs and effects and baseline 

variables associated with costs and effects (age, sex, educational level, number of drug, number 

of DRP and number of diseases) were included in the multiple imputation model. Multiple impu-

tation was performed in SPSS 20.0, and 10 complete data sets were generated. The results of the 

10 datasets were pooled using Rubin’s rules18.

Baseline characteristics of the patients were presented as mean values (standard deviation) or 

proportions according to randomization. Baseline similarity between the intervention and control 

group was studied using independent t-tests for continuous variables and Chi2 tests for categorical 

and dichotomous variables.
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The number of DRP as determined by a medication analysis of patient’s drugs registered in the 

pharmacy information and administration system, were analysed separately. To investigate change 

in the number of DRP during one year of follow-up between the intervention and control group, 

paired t-tests were performed and effect sizes were estimated.

Health care utilization during the first six months after hospital discharge was calculated and pre-

sented as proportions of patients that used the specific health care resource and mean (SD) num-

ber of visits per patient for the specific health care resource. Differences in health care utilization 

between patients allocated to the intervention or control group was tested using Chi2 tests and 

Mann-Whitney test. Despite the skewed distribution of health care use and costs in our popula-

tion, these measures were presented as means because this is the most informative measure from 

an economic perspective19. 

Because of the skewed distribution of cost data, bootstrapping methods (5000 replications) were 

used to estimate “approximate bootstrap confidence” (ABC) intervals around cost differences20,21. 

Incremental cost-effectiveness ratios (ICERs) were calculated by dividing the difference in costs by 

the difference in effects between the intervention and the control group. The 95% confidence in-

tervals around the mean difference in costs and the uncertainty around the ICERs were estimated 

using non-parametric bootstrapping with 5000 replicates. P-values below 0.05 were considered 

as statistically significant. In a cost-effectiveness plane (CE plane), incremental costs and effects 

between the intervention and control group are plotted on the y axis (costs) and x axis (effects) 

resulting in four quadrants. The uncertainty around the ICERs was depicted by plotting the boot-

strapped cost-effect pairs on a CE plane. The northeast quadrant indicates that the intervention 

is more expensive and more effective than the control group. In the southeast quadrant the in-

tervention dominates the control group, i.e. is less expensive and more effective than the control 

group. In the southwest quadrant the intervention is less expensive and less effective than the 

control group. Finally, in the northwest quadrant the intervention is dominated by the control 

group (more expensive and less effective). In a sensitivity analysis, the cost-effectiveness analysis 

was repeated using data of complete cases only. The cost-effectiveness analysis was performed 

in R Statistical Software (version 2.13.1). Other analysis was performed in SPSS version 20 for 

Windows.

Results

Baseline characteristics of the study population are shown in Table 1. In patients allocated to the 

intervention group the number of chronic diseases was lower as compared to patients allocated 

to the control group (2.7 vs. 3.2). Other characteristics did not differ between the two groups. Of 

the 340 patients participating in the trial, 35 patients (10.3%) died during the one year follow-up. 

Mortality rate did not significantly differ between the intervention (11.7%) and the control groups 
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(8.8%). Overall, patients who died during follow-up were more likely to be male (13.9%) (p=0.04). 

Other characteristics did not differ between patients who died during follow-up and  those who 

survived. 

Larger decreases in the number of DRP after 12 months of follow-up were seen in the intervention 

group than in the control group. We observed a significant effect of CMR on the number of DRP 

(-0.3 [95%CI: -0.5 to -0.02]) (Table 2).

At least one monthly cost calendar during the first six months after hospital discharge was com-

pleted by 198 patients (58.2%). In this vulnerable population, 114 (33.3%) patients completed 

the first six cost calendars with information on health care use (complete cases). Patients with 

complete data were younger (-2.2 years; p=0.03), had less DRP at baseline (-1.8; p<0.001), used 

less medication (-0.7; p=0.04) and were more likely to be randomized to the control group as com-

pared to patients without complete data.

During the first six months after hospital discharge patients in the intervention group more fre-

quently visited the GP, medical specialist and physical therapist, although differences were not 

statistically significant (Table 3). Within six months after baseline, significantly more patients in 

the intervention group (46.0%) were readmitted to the hospital as compared to the control group 

(20.3%). The mean number of days of readmission was also higher in the intervention (6.9 days) 

than in the control group (3.4 days), however not statistically significant. 

Costs of resource use in the intervention group were €954 higher than in the control group (95% 

CI: -1116 to 3024), although not statistically significant (Table 4). These higher costs were mainly 

caused by the large number of patients with hospital readmissions in the intervention group.

Figure A shows the cost-effectiveness plane for the difference in number of DRP determined by 

medication analyses over 12 months of follow-up. The majority of the cost-effect pairs was located 

in the northeast quadrant of the cost-effectiveness plane indicating that higher effects were ac-

companied by higher costs of the intervention compared to control, although not significant. The 

costs of reducing one DRP by CMR amounted to €3,816.

Complete case analysis showed the same trend as compared to analysis in the multiply imputed 

population. Of the cost-effect pairs, the majority was located in the northeast quadrant. CMR at 

discharge was more costly and slightly more effective than usual care regarding reduction of DRP 

(Table 4).

Table 2. Pooled mean effects (SE) and differences in number of drug related problems over 12 months of 
follow-up.

 Baseline 12 months Mean difference during follow-up     Mean effect difference

Control (N=103) 1.6 (0.1) 1.6 (0.1) 0.04 (-0.1 to 0.2)

Intervention (N=95) 1.6 (0.1) 1.4 (0.1) -0.2 (-0.4 to -0.1) -0.3 (-0.5 to -0.02)

DRP: Drug related problems.
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Table 3. Health care use in the first six months after discharge from hospital: complete case analysis.

 Control (N=64) Intervention (N=50)

 Unit
Unit cost 
(€, 2009)

patients using 
resource (%) Mean (SD)

patients using 
resource (%) Mean (SD)

General practitioner Visit 22 70.3 3.0 (4.4) 84.0 3.5 (3.3)

General practitioner Home visit 44 48.4 1.2 (2.6) 58.0 1.3 (1.7)

Medical specialist Visit 61 96.9 9.4 (9.7) 98.0 9.8 (9.3)

Physical therapist Visit 25 40.6 10.0 (15.9) 56.0 6.4 (11.3)

Hospital readmission Day 394$ 20.3 3.4 (9.6) 46.0* 6.9 (18.0)

Home care Hour 34 31.2 18.0 (38.5) 14.0* 5.8 (19.1)*

Help by friends/ family Hour 9 17.2 33.2 (152.0) 20.0 96.2 (523.4)

Paid housekeeping Hour 14 26.6 34.5 (100.9) 24.6 22.1 (51.7)

CMR 70 100

$ sum of the proportion of patients admitted to an academic hospital (0.16*€522) and general hospital 
(0.84*€370) * indicates a significant difference between the control and intervention group (p-value <0.05).
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Figure A. Cost-effectiveness plane for the difference in drug related problems after one year of follow-up. An 
effect difference >0 means that after 12 months of follow-up, the decrease in the number of DRPs was higher 
in the intervention group compared to the control group.
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Table 4. M
ean differences in total costs (Euro´s) and effects (and 95%

 confidence intervals [CI]) betw
een the intervention and the control group during one year of follow

-up, 
increm

ental cost-effect ratios (ICER), and cost-effectiveness (CE) plane distributions.

M
ultiple  

im
puted

Control (N
=103) 

Intervention 
(N

=95)
∆ Costs (95%

CI)  
(Euros) 1 

∆ Effects (95%
CI)  

(difference in DRP
2) 

ICER
Distribution CE plane (%

)

 
       M

ean total costs (se)
 

 
N

3
SE

4
SW

5
N

W
6

M
odel 1

7
3847 (464)

4801 (992)
954(-1116 to 3024)

-0.25(-0.48 to 0.02)
dom

inated
80

19
0

1

M
odel 2

8
3847 (464)

4801 (992)
954(-1116 to 3024)

-0.25(-0.46 to 0.04)
dom

inated
80

19
0

1

Com
plete cases

N
=64

N
=50

 

M
odel 1

7
3550 (624)

5353 (1682)
1804(-605 to 7190)

-0.16(-0.48 to 0.16)
dom

inated
73

12
2

13

M
odel 2

8
3550 (624)

5353 (1682)
1804(-540 to 7655)

-0.12(-0.41 to 0.17)
dom

inated
67

12
3

18

1Costs include form
al and inform

al costs. 2DRP= drug related problem
s. 3Refers to the northeast quadrant of the CE plane, w

hich indicates that m
edication review

 is m
ore 

effective and m
ore costly than usual care. 4Refers to the southeast quadrant of the CE plane, w

hich indicates that m
edication review

 is m
ore effective and less costly than 

usual care. 5Refers to the southw
est quadrant of the CE plane, w

hich indicates that CM
R is less effective and less costly than usual care. 6Refers to the northw

est quadrant of 
the CE plane, w

hich indicates that m
edication review

 is less effective and m
ore costly than usual care. 7 U

nadjusted analysis 8 Adjusted for baseline num
ber of DRP
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Discussion

A CMR including counseling sessions for older patients using multiple drugs for the treatment of a 

chronic disorder at discharge from hospital led to a non significant reduction in DRP,  a statistically 

significant higher rate of hospital readmissions and higher costs. Although the study had limited 

power, we conclude that the intervention therefore proved not cost effective.

The effects of a CMR on patient outcomes have been the subject of several other studies. Most 

studies of older patient populations showed a positive effect of these interventions including a 

reduction of the occurrence of DRP, improvement of medication appropriateness and a decrease 

in the number of drug prescriptions22-24. A recent systematic review and recent trials showed con-

flicting results in respect of the effects of a CMR on health care utilization11-13. These studies fo-

cused on patients from a variety of older patient populations and settings, including residential 

homes, primary care patients, mental health problems or patients with diabetes, hypertension 

or depression. Studies in older patients discharged from the hospital were not included. In those 

few studies that investigated cost effectiveness of the intervention, results were ambiguous. In the 

HOMER trial the effect of a CMR among older patients on the occurrence of hospital readmissions 

was investigated. In this study a CMR led to an increase of the number of admissions by 30% and 

of GP home visits by 43% in the first six months after hospital discharge25. The increased number 

of GP visits in the intervention group could be the result of the effort of pharmacists to increase 

patients’ understanding about his conditions and medication use which may have increased pa-

tient awareness and help seeking behaviour25. This effect possibly also occurred in our study, in 

which the CMR included counselling sessions focusing on the use, effects and side effects of the 

medications used. 

An important outcome of our study was the high number of patients that were not treated with 

the medication recommended by disease specific guidelines14. The presence of these drugs in the 

medication of the highly vulnerable population of our study possibly might also have led to an 

increased health care use and costs.

A limitation of our study is the considerable amount of missing data. Patients with missing data 

were older patients, had more DRP at baseline, used more medication and were more likely to be 

randomized to the intervention group as compared to patients without complete data. However, 

we used multiple imputation techniques to impute missing data. Cost-effectiveness analysis using 

data after multiple imputation techniques were in line with the analysis on complete cases.

In conclusion, in older patients using five or more prescription-only drugs for the treatment of a 

chronic disorder after discharge from hospital, the gain of a small reduction in DRP induced by 

CMR after hospital discharge is offset by higher costs of health utilization in the period thereafter. 

The results of the present study do not justify the use of CMR. Moreover, the use of CMR as such 
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is also associated with considerable costs, which should better be redirected to more effective 

strategies to improve health for this category of patients.
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