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Abstract
Purpose  For controlling symptoms in Parkinson’s disease (PD) together with treating additional comorbidities, patients often 
face complex medication regimens, with suboptimal adherence, drug-related problems, and diminished therapy efficacy as 
a common consequence. A medication review could potentially tackle these issues, among others by optimizing drug treat-
ment. Even if no change in clinical outcomes is observed, this intervention might decrease health care costs by reducing 
drug-related problems and hospital admissions. This study aimed to gain more insight in the health benefits and costs of a 
structured medication review (SMR) in PD.
Methods  A cost-utility analysis was performed, based on a multicenter randomized controlled trial with 202 PD patients 
with polypharmacy. The intervention group received an SMR, whereas the control group received usual care. The interven-
tion effect after 6 months of follow-up was presented as incremental quality-adjusted life years (QALY) using the EQ-5D-5L 
questionnaire. Costs were based on real-world data. Missing data was imputed using multiple imputation techniques. Boot-
strapping was used to estimate the uncertainty in all health and economic outcomes.
Results  The QALY gain in the intervention group compared to the control group was − 0.011 (95% CI − 0.043; 0.020). 
Incremental costs were €433 (95% CI − 873; 1687). When adapting a willingness-to-pay threshold of €20,000/QALY and 
€80,000/QALY, the probability of SMRs being cost-effective was 18% and 30%, respectively.
Conclusion  A community pharmacist-led SMR in PD patients in the current setting shows no apparent benefit and is not 
cost-effective after 6 months, compared to usual care.
Trial registration  Netherlands Trial Register, NL4360. Registered 17 March 2014.

Keywords  Parkinson’s disease · Quality of life · Cost-effectiveness analysis · Medication review · Drug therapy · 
Pharmacists

Introduction

Parkinson’s disease (PD) is among the most common neuro-
degenerative disorders worldwide, with an ongoing growth 
in prevalence [1]. The pathophysiology comprises a complex 

network of neuropathologic mechanisms, of which eventu-
ally dopamine deficiency is a major contributor to motor  
and non-motor symptoms [1]. These symptoms negatively  
influence quality of life (QoL). Motor symptoms are 
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characterized by tremor, rigidity, bradykinesia and postural 
instability, whereas non-motor manifestations cover a wide 
spectrum of symptoms, of which autonomic dysfunction and 
mental disturbances are most prevalent. Drug therapy is the  
first step of treatment aiming to reduce symptoms. With  
disease progression, drug treatment and dosing frequency 
intensify, often leading to complex medication regimens. 
This is aggravated by additional drugs due to age-related 
comorbidities, which might easily lead to reduced therapy 
adherence with drug-related problems (DRP), reduced treat-
ment effect, and increased health care costs [2–4].

A medication review is an intervention that might mitigate 
these problems. It is defined as “a structured, critical exami-
nation of a patient’s medicines aiming to reach an agree-
ment with the patient about therapy, optimizing the impact of 
medication, minimizing the number of DRPs, and reducing 
waste,” ranging in magnitude from prescription reviews to 
patient-centered clinical medication reviews [5]. By identify-
ing DRPs and improving a patients’ knowledge and adher-
ence, a medication review aims to improve quality, safety, 
and appropriate use of medication [6]. This medication 
intervention has been studied in multiple health care settings 
and positive effects where found regarding DRPs [5, 7, 8], 
and medication appropriateness [5, 9–11]. However, data on 
health outcomes like QoL showed varying results. This might 
be ascribed to different care settings, patient populations, 
study designs, and ways of performing medication reviews.

Community pharmacists in the Netherlands use a struc-
tured approach for the clinical medication reviews per-
formed as part of standard care (structured medication 
review; SMR) [12]. A pilot study in PD investigated the 
effects of multiple pharmacist-led interventions including 
an SMR and showed potential positive effects on medication 
adherence and quality of life [13]. Conversely, in a recent 
randomized controlled trial analyzing the effectiveness of a 
community pharmacist-led SMR in PD, no improvement of 
QoL was seen [14]. Therefore, the actual effect of an SMR 
on QoL in PD is still uncertain. Additionally, optimized 
drug treatment after an SMR might decrease health care 
costs, by reducing DRPs and drug-related hospital admis-
sions. To gain more insight in the benefits of an SMR in 
PD, both in terms of health benefit and costs, a cost-utility 
analysis was performed regarding a community pharmacist-
led SMR in PD patients compared to usual care.

Methods

Study design and patients

In this study, a cost-utility analysis (CUA) was performed 
based on data of the Medication Review in Parkinson-trial, a 
multicenter randomized controlled trial assessing the effect 

of a community pharmacist-led SMR in PD patients with 
polypharmacy [14, 15]. The study and economic evaluation 
were performed and reported with due regard to the Con-
solidated Health Economic Evaluation Reporting Standards 
(CHEERS) [16].

Details of the protocol and results are published else-
where [14, 15]. Patients were selected from three Dutch 
outpatient neurology clinics. Inclusion criteria were the use 
of ≥ 4 different drugs daily, ≥ 4 drug intake moments daily, 
expressing motor and non-motor symptoms, living (semi)-
independent, and being able to read and write the Dutch lan-
guage. Exclusion was based on being unable to administer 
own medication (e.g., when requiring assistance from medi-
cal home care), having received a medication review within 
a year prior to study participation, receiving continuous apo-
morphine therapy, continuous levodopa-carbidopa gastro-
intestinal gel therapy, or a deep brain stimulator within a 
year prior to study participation, or planned to receive this 
within 3 months.

Baseline measurement took place after written informed 
consent. Subsequently, patients were randomly assigned to 
the SMR or usual care group, in a 1:1 ratio with a blinded 
blocked randomization (block sizes four and eight). Inclu-
sion was definite after baseline measurements were carried 
out, and - with regard to the intervention group patients - the 
SMR was performed. Due to a high withdrawal rate of ran-
domized intervention group patients who did not receive an  
SMR for various reasons, and after consultation with the 
Medical Ethical Committee, the randomization process was 
adapted to a 4:1 ratio (intervention group vs. control group), 
to timely meet the calculated power.

Drug use and dosing scheme were verified by the 
patient’s community pharmacist. PD severity was assessed 
by Hoehn and Yahr (HY) stage (range 0–5) [17], and comor-
bidity score was assessed by the Rx-Risk comorbidity index 
(range 0–46) [18].

The study was conducted in agreement with the Declara-
tion of Helsinki principles, in accordance with the Medi-
cal Research Involving Human Subjects Act (WMO), and 
approved by the Medical Ethical Review Board Twente, the 
Netherlands (NL48661.044.14). The study was registered in 
the Netherlands Trial Register (NL4360; registration date: 
17 March 2014).

Intervention

Community pharmacists performed an SMR at the study 
start in the intervention group. Beforehand, a training was 
offered to all cooperating pharmacists, concerning PD, its 
pharmacological treatment, the study protocol, and a uniform 
approach for carrying out SMRs. The latter was based on the 
Dutch Systematic Tool to Reduce Inappropriate Prescrib-
ing (STRIP) method, which is part of the multidisciplinary 
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guideline Polypharmacy in the Elderly [12]. This method 
underlines the patient’s involvement as equal partner in the 
process and comprises the following six steps: preparation 
(data collection concerning drug use, medical history and 
condition, and laboratory results), anamnesis (including a 
patient’s expectations, views, and beliefs), analysis (review-
ing drug use regarding DRPs, which were further subdivided 
in, e.g., (contra)indications, interactions, ineffective therapy, 
suboptimal dose, side effects, and practical usage problems), 
discussion with involved physicians (proposed interventions 
are discussed), discussion with the patient (including shared 
decision-making regarding modifications), and evaluation 
(within 4 months).

All DRPs, proposed and implemented modifications, 
and recommendations were recorded, as well as the time 
spent on the SMR by both pharmacist and GP, using a uni-
form recording document (Online Resource 1). In the usual 
care group, no SMR was performed during 6 months of 
follow-up.

Outcome measures

The primary outcome was cost-utility of the SMR after 
6 months from a health care payer’s perspective, presented 
as incremental effect in quality-adjusted life years (QALYs) 
and as incremental costs in Euros of the SMR group com-
pared to the usual care group [19].

Health outcomes

At baseline and at 3 and 6 months, a set of validated question-
naires was sent to the patients and — if applicable — their 
care givers. In the Medication Review in Parkinson-study, 
QoL was measured by two questionnaires. The Parkin-
son’s Disease Questionnaire-39 (PDQ-39) measured PD- 
specific QoL (range 0–100), with higher scores representing  
worse QoL [20]. The EuroQoL 5 Dimensions-5 Levels-
questionnaire (EQ-5D-5L) [21] comprises five dimensions 
(mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression) determining general health-related QoL 
(range −0.446–1). Here, a utility value of 1 represents per-
fect health, death is commonly assigned a utility value of  
0, and negative utility values represent health states worse 
than death. Utility values were obtained from the EQ-5D-5L 
using the Dutch tariff [21], and QALYs were calculated as 
area under the curve following linear interpolation of utility 
scores over time. Other secondary outcomes — not relevant in  
this cost-utility analysis — were non-motor symptoms (Non-
Motor Symptoms Questionnaire, NMS-Quest) [22], daily  
life activities and physical disability (AMC Linear Disability 
Scale, ALDS) [23], health status (EuroQoL Visual Analogue 
Scale, EQ-VAS) [24], and PD care giver’s QoL (PDQ-Carer) 
[25]. Also, SMRs documents were evaluated with regard to 

potential DPRs and suggested drug interventions (whether  
or not implemented) and descriptively addressed.

Costs

Total costs per patient were based on medication costs, hos-
pital costs, and - in the SMR group - SMR costs. The costs 
for the accredited PD training were not taken into account, 
since these were only offered for the purpose of the study to 
better prepare pharmacists and standardize the execution of 
the SMR. Costs for regular patient consultations with their 
GP were not taken into account, since these were unknown.

Medication costs over 6 months were calculated from pre-
scription data, based on 2020 drug prices [medic​ijnko​sten.​
nl]. Hospital costs during 6 months were collected, with a 
distinction between outpatient clinic costs and costs of both 
emergency department visit and hospital admission. SMR 
costs were calculated based on a previous study assessing 
the costs of SMRs [26], taking into account the amount of 
time the pharmacist and GP spent on the SMR. Hospital 
and SMR costs were adjusted to 2020 Euros based on Dutch 
consumer price indices [27].

Analysis

The calculated sample size of the Medication Review in PD-
study [14] was based on the detection of a clinically impor-
tant difference in the PDQ-39-score [28]. This difference 
was assumed to be minimally 1.6. Based on own expecta-
tions, a difference of 6 points between our study groups after 
intervention was assumed. With a standard deviation of 15 
[28], 198 patients needed to be recruited in order to detect a 
clinically relevant difference, with a type I error of 5% and 
a power of 80%.

Between-group differences in categorical variables 
were analyzed with a chi-square test or Fisher’s exact test, 
as appropriate. Between-group differences in continuous 
variables were analyzed with a t-test or Mann–Whitney 
test, as appropriate. Normally distributed continuous data 
were presented as mean with standard deviation (SD) or as 
median with interquartile range (IQR) in case of non-normal 
distribution.

A modified intention-to-treat analysis was applied, as 
acknowledged in the study protocol [15], in order to assess 
the actual effect of an SMR. With this, randomized interven-
tion group patients needed to obtain an SMR for definite 
study inclusion and analyses. To properly address miss-
ing data, multiple imputation was performed to obtain 10 
imputed datasets. Additionally, a complete case analysis was 
performed. All presented outcome measures are based on 
multiple imputed data, unless otherwise noted.

Since the SMR pertains to a primary care intervention, no  
stratification for outpatient clinic was needed. Non-parametric 

https://www.medicijnkosten.nl/
https://www.medicijnkosten.nl/
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bootstrapping was used to resample both the data completed 
with multiple imputations and the complete case data 5000 
times, to evaluate the uncertainty in all health and economic 
outcomes [19]. Based on the bootstrap samples, 95% confi-
dence intervals (CIs) of all outcome measures were deter-
mined. The results were plotted on an incremental cost-utility 
plane [29], which graphically shows the uncertainty in incre-
mental costs and QALYs, and in a cost-effectiveness accept-
ability curve [30]. The probability that SMRs are cost-effective  
compared with usual care was shown for willingness-to-pay 
(WTP) thresholds from €0/QALY to €100,000/QALY, which 
include the Dutch thresholds, ranging from €20,000/QALY to 
€80,000/QALY, depending on the burden of the disease [31]. 
The incremental cost-utility ratio, presenting the additional  
costs per QALY gained, was calculated by dividing the dif-
ference in total costs per group by the difference in QALYs  
per group. A negative ratio represents either cost saving per 
QALY or decline of one QALY together with higher costs.

Analyses were performed using Microsoft Excel & VBA, 
version 15.0, and IBM SPSS Statistics version 26.

Results

Between May 2014 and December 2018, 240 participants 
were initially randomized. A total of 37 SMR group patients 
did not receive an SMR, and 202 patients were definitely 
included (Fig. 1). The complete case analysis was based on 
152 patients, since 31 patients were lost to follow-up, and 
19 other patients had incomplete follow-up data. Baseline 
characteristics as well as questionnaire data are shown in 
Table 1.

Community pharmacists of 82 pharmacies cooperated in 
the study, and 99 SMRs were executed, in which they identi-
fied 260 potential DRPs (2.6 (± 1.8) per SMR group patient). 
Of the 260 suggested interventions, 161 were implemented 
(62%) and led to therapy optimization.

As previously described [14], baseline measurements of 
all questionnaire data were similar between both groups, and 
in both groups, all scores were worse after 6 months. No 
difference was found in change of PDQ-39 scores between 
the SMR group and usual care group, with a non-significant 

Fig. 1   Flowchart
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treatment effect of 2.09 (−0.63; 4.80) in favor of the usual 
care group. Similarly, non-significant treatment effects were 
observed for all secondary outcomes (NMS-Quest, ALDS, 
EQ-VAS and PDQ-Carer).

Effect outcomes and costs

EQ-5D-5L utility values, derived QALYs, and costs during 
6 months are presented in Table 2. The incremental QALYs  
were −0.011 (95% CI −0.043; 0.020) for the SMR group  
compared to the usual care group. Pharmacists spent on aver-
age 101 min (SE 5.76) on an SMR, and GPs 16 min (SE 1.58).  

With this, the mean SMR costs were €211. Total health care 
costs per patient in the SMR group were €3371, compared to 
€2938 in the usual care group, with €433 (95% CI − 873; 1687) 
incremental costs per patient in the SMR group.

For the complete case analysis, the incremental QALYs 
for the SMR group compared to the usual care group 
were −0.010 (95% CI −0.044; 0.025) and incremental costs 
€368 (95% CI −655; 1373).

Cost‑utility analysis

In Fig. 2, the incremental cost-utility plane is presented, 
with WTP thresholds of €20,000/QALY and 80,000/QALY. 
Figure 3 shows the cost-effectiveness acceptability curve. 
When applying a WTP threshold of €20,000/QALY and 
of €80,000/QALY, the probability of an SMR being cost-
effective is 18% and 30%, respectively. In comparison, based 
on the complete case analysis, this would be 21% and 34%, 
respectively. The incremental cost-utility ratio is € −38,478/
QALY and in the complete case analysis € −37,002/QALY. 
However, given the very small difference in QALYs (i.e., the 
denominator of this ratio), these values are not very informa-
tive and should be interpreted with caution.

Discussion

In this study, a community pharmacist-led SMR in PD 
patients is not of apparent benefit compared to usual care. 
When adapting a WTP threshold of €20,000/QALY and 
of €80,000/QALY, the probability of SMRs being cost- 
effective has shown to be 18% and 30%, respectively. This 
is predominantly based on higher costs (€433 (−873; 1687) 
during 6 months in patients receiving an SMR, while health 

Table 1   Baseline demographic and clinical characteristics

Data presented as mean ± SD unless otherwise noted
EQ-5D-5L EuroQoL 5D-5L, HY Hoehn & Yahr stage, IQR interquar-
tile range, PDQ-39 Parkinson’s disease questionnaire-39, SMR struc-
tured medication review

SMR
N = 99

Usual care
N = 103

Sex
   Male, n (%) 55 (55.6) 69 (67.0)
   Female, n (%) 44 (44.4) 34 (33.0)

HY
   1–2.5, n (%) 64 (64.6) 74 (71.8)
   3–5, n (%) 35 (35.4) 29 (28.2)

Age 72.5 ± 8.2 72.7 ± 7.0
PD duration, years 6.7 ± 4.6 6.8 ± 4.8
Number of different daily drugs 7.3 ± 2.3 7.4 ± 2.5
Number of daily drug intake 

moments, median (IQR)
5 (4–6) 5 (4–6)

Comorbidity score (0–46) 4.6 ± 1.9 4.5 ± 2.0
PDQ-39 (0–100) 35.7 ± 15.9 35.4 ± 16.6
EQ-5D-5L (−0.446–1.00) 0.673 ± 0.249 0.668 ± 0.257

Table 2   Effect outcomes 
and costs per patient during 
6 months of follow-up

EQ-5D-5L EuroQoL 5D-5L, QALY quality-adjusted life year, SMR structured medication review

SMR, mean (SE) Usual care, mean (SE) Incremental effects and 
costs (95% CI)

Effects
  EQ-5D-5L utility values
     Baseline 0.673 (0.025) 0.668 (0.025)
     3 months 0.619 (0.029) 0.646 (0.027)
     6 months 0.617 (0.027) 0.655 (0.025)

QALYs 0.316 (0.011) 0.327 (0.011)  −0.011 (−0.043; 0.020)
Costs, €
  Medication costs 770 (78) 856 (66)  −86 (−283; 116)

Hospital costs 2390 (402) 2082 (475) 308 (−938; 1486)
     Hospitalization costs 1506 (373) 1410 (449) 95 (− 1089; 1205)
     Outpatient costs 885 (110) 672 (70) 213 (− 32; 485)
  SMR costs 211 (11) 0 211 (189; 234)

Total costs 3371 (423) 2938 (497) 433 (−873; 1687)
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outcomes in the SMR and usual care group remained almost 
similar. The probability of SMRs in this setting being cost-
effective is therefore low.

Regarding health effects, no improvement in QoL was 
found after an SMR based on QALYs. QALYs within 
6 months can range between 0 and 0.5. With this, a worsen-
ing of 0.011 (−0.043; 0.020) in QALYs after an SMR com-
pared to the usual care group is only small, and its relevance 
is questionable.

Even though no clinical effect was found, we hypoth-
esized health care costs would be lower in the intervention 

group, since optimized drug treatment might lead to less 
health care use and hospital admissions [32]. However, 
our results showed the opposite. Much of the difference in 
costs between both groups is explained by the SMR costs. 
The mean incremental costs were €211, of which €181 
was associated with pharmacist costs, based on the time 
spent to perform an SMR. Besides, costs in the SMR group 
could have even been higher when taking into account the 
training for pharmacists, although our main aims with this 
training were to involve pharmacists in our study and to 
obtain a uniform approach of the SMR execution. We were 
not able to analyze whether this training might also have 
contributed to the quality of SMRs in PD, and we did not 
include training costs.

To our knowledge, this is the first study to evaluate the 
cost-utility of a community pharmacist-led SMR in PD. In 
previous literature, economic evaluations after a medica-
tion review have been performed in different health care set-
tings and with different clinical endpoints. In terms of cost-
effectiveness, studies showed conflicting results [32–39]. 
Two studies found positive effects of a medication review in 
nursing home patients with regard to inappropriate prescrib-
ing, but only one was cost-effective [34, 40]. Desborough 
et al. reported higher health care costs in the intervention 
group [34]. Also, a medication review at hospital discharge 
in elderly led to a reduced amount of DRPs, but to higher 
costs and health care utilization [35], in accordance with 
our results. Intervention costs in these studies did not seem 
to justify the health care costs, and Van der Heijden et al. 

Fig. 2   Incremental cost-utility 
plane, presenting the impact of 
an SMR  on QALYs and costs, 
compared to usual care. QALY, 
quality-adjusted life year; 
SMR, structured medication 
review; WTP, willingness to pay
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proposed that since the quality of usual pharmacist care in 
the Netherlands is already high, the beneficial effect of an 
extended intervention might be difficult to demonstrate [35]. 
In the same setting, Pacini et al. reported a low probability of 
a medication review being cost-effective, based on a small, 
non-significant gain in QoL, with an increase in hospital 
admissions [36]. Lastly, an in-hospital pharmacist interven-
tion did not seem cost-effective, with higher costs in the 
intervention group and a rather small gain of QoL [37].

Specifically within primary care, a medication review in 
patients at risk of drug misuse showed positive outcomes 
regarding adverse events, severity of illness and costs, 
although no difference on QoL was found, whereby the 
ICER in reducing illness severity and adverse drug events 
was slightly favorable (AUS$65 and AUS$69, respectively) 
[38]. Verdoorn et al. analyzed the cost-effectiveness of a 
clinical medication review in elderly with polypharmacy, 
with a setting comparable to ours [39]. EQ-5D utility val-
ues were slightly reduced after the intervention, but a small 
improvement on the Visual Analogue Scale was seen. Fur-
thermore, costs were saved. According to Jodar et al., similar 
positive results regarding cost-effectiveness were found [32].

We did not find cost-savings. This might be explained 
by several reasons. First, compared to the abovementioned 
studies, a specific patient population was studied. In a PD 
population, drug therapy is often finely tuned and highly 
individualized. Changes in pharmacotherapy might demand 
extra monitoring by the neurologist. This might explain the 
higher outpatient costs in the SMR group. Also, the modifi-
cations might not have had the expected result or even wors-
ened health status, and more changes needed to follow before 
optimal treatment was set. In line with this, some DRPs were 
accepted, since resolving the DRP might do even more harm.

Although medication costs reduced after an SMR, this 
reduction did not outweigh the SMR costs and hospital costs. 
One might argue that with longer follow-up, this might also be 
balanced eventually. However, when dealing with a progressive 
disease, there is a continuous need for adjusting drug treatment 
and for medication to be reviewed, whereby we do not expect 
that a longer follow-up would change the current outcome.

A few changes in the current setting might be suggested: 
a more specific PD patient selection, probably with a focus 
on possible existing DRPs; a better cooperation between 
primary and secondary care; and further specialization of 
a pharmacist in PD. Positive effects on QoL in PD patients 
were found after a medication intervention by a pharmacist 
specialized in PD, with possibilities for direct consultation 
with the neurologist [13]. However, costs were not taken  
into account. Although this concerned a pilot study, previ-
ously it was found that specialization of health care provid-
ers in PD has beneficial effects on health outcomes [41, 42]. 
This questions whether PD pharmacy care should be more  

centered, with execution of SMRs by pharmacists special-
ized in PD. On the other hand, as earlier mentioned, phar-
macy care delivered in the Netherlands might be of such a  
high quality that further, small clinical benefits of interven-
tions are difficult to demonstrate.

Previously, we found an association between the number of 
comorbidities and QoL, in which also female sex and higher 
HY score are associated with worse QoL [43]. With regard 
to our data, the percentage of females and of patients with a 
higher HY score were both higher in the SMR group, although 
without significant difference. An additional analysis, with 
correction for some small imbalances between both groups at 
baseline, resulted in a smaller incremental QALY difference  
of −0.002 (data not shown), still in favor of the usual care group.

We found a small difference in outcomes between the mul-
tiple imputed analysis and the complete case analysis. Of the 
patients lost to follow-up regarding EQ-5D-5L scores, costs 
were known in most cases. These patients had in general higher 
costs for hospital admissions or other medical conditions, and 
imputed EQ-5D-5L scores were therefore also lower. However, 
the final conclusion of both analyses is similar.

Strengths of this study were the multicenter randomized 
controlled setting, with a large number of PD patients and 
cooperating community pharmacists. This setting reflects 
standard SMR care by community pharmacists in the Neth-
erlands and supports the generalizability of the study. Fur-
thermore, standardization of the execution of the SMR was  
assured by a preceding training offered to all pharmacists.

There are also some limitations. As mentioned before, 
the pharmacist training may have influenced the cost-utility 
results, since this is not customary organized. Another pos-
sible limitation is that costs for regular consultations with 
their GP by the patients were missing, since these data were 
unknown. However, one could hypothesize that after an 
SMR, a consultation with the neurologist might take place 
more often than with a GP, and all (extra) consultations with 
the neurologist are already taken into account within the 
outpatient hospital costs. It is therefore expected that the 
GP consultation costs would not have a high impact on the 
total costs. Another limitation is that home care or nursing 
home costs have not been taken into account for the same 
reason. This is an important limitation, since by offering the 
most optimized multidisciplinary care for home-dwelling 
PD patients, an admission to a nursing home might eventu-
ally be postponed. This could save a substantial amount of 
health care costs. As part of this integrated PD care, an SMR 
might be a meaningful contribution, although this assess-
ment is beyond the scope of this paper.

Furthermore, the proportion of missing data (25%) is 
substantial. We adjusted for this by use of multiple imputa-
tion. Missing data was similarly distributed between both 
groups. Besides, based on similar baseline characteristics 
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and flowchart course in both groups, we have no indication 
that selective dropout took place.

Altogether, the results of our study point towards an 
SMR not being cost-effective. Since we do not doubt the 
importance of periodic medication optimization in com-
plex diseases or high risk patients, the future focus should 
be on either improving the current setting of SMRs in PD 
or search for other strategies in which this can be achieved.

Conclusions

The results of our study indicate that SMRs executed by 
community pharmacists in PD patients is not of apparent 
benefit. Taking into account both the pharmacist’s effort and 
additional costs when performing an SMR in the current set-
ting, the valuable time of a pharmacist could better be spent 
on more (cost-)effective interventions. The multidisciplinary 
PD care regarding optimization of pharmacotherapy should 
be organized differently, and additional research is warranted 
to optimize the setting, for example, either by a different 
PD patient selection, better cooperation between health care 
providers, or further specialization of pharmacists in PD.
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