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ABSTRACT: Background: Parkinson’s disease (PD) is
a neurodegenerative disease that leads to progressive
disability. Cost studies have mainly explored the early
stages of the disease, whereas late-stage patients are
underrepresented.
Objective: The aim is to evaluate the resource utilization
and costs of PD management in people with late-stage
disease.
Methods: The Care of Late-Stage Parkinsonism (CLaSP)
study collected economic data from patients with late-
stage PD and their caregivers in five European countries
(France, Germany, the Netherlands, UK, Sweden) in a
range of different settings. Patients were eligible to be
included if they were in Hoehn and Yahr stage >3 in the
on state or Schwab and England stage at 50% or less.

In total, 592 patients met the inclusion criteria and pro-
vided information on their resource utilization. Costs
were calculated from a societal perspective for a
3-month period. A least absolute shrinkage and selec-
tion operator approach was utilized to identify the most
influential independent variables for explaining and
predicting costs.
Results: During the 3-month period, the costs were
€20,573 (France), €19,959 (Germany), €18,319 (the Neth-
erlands), €25,649 (Sweden), and €12,156 (UK). The main
contributors across sites were formal care, hospitaliza-
tion, and informal care. Gender, age, duration of the dis-
ease, Unified Parkinson’s Disease Rating Scale 2, the
EQ-5D-3L, and the Schwab and England Scale were
identified as predictors of costs.
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Conclusion: Costs in this cohort of individuals with late-
stage PD were substantially higher compared to previ-
ously published data on individuals living in earlier stages
of the disease. Resource utilization in the individual sites
differed in part considerably among these three parame-
ters mentioned. © 2024 The Authors. Movement

Disorders published by Wiley Periodicals LLC on behalf
of International Parkinson and Movement Disorder
Society.

Key Words: cost-of-illness; Parkinson’s disease;
resource utilization; late-stage parkinsonism

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder. In Western Europe, there
are approximately 830,000 individuals with PD, includ-
ing �120,000 in France, �160,000 in Germany,
�30,000 in the Netherlands, �20,000 in Sweden, and
�115,000 in the UK.1 Margaret Hoehn and Melvin
Yahr (HY) classified the disease into five stages, with
stages 4 and 5 describing the late stages.2 In these
stages persons with PD (PwPD) have to cope with
increasing impairment, which manifests in motor and
nonmotor features.3-5 PwPD have a reduced health-
related quality of life (HRQoL), which is negatively
influenced by both motor and nonmotor symptoms.6 In
particular, the latter have a considerable negative effect
in the late stages of the disease.7-9

The estimated annual costs of the disease in Europe
are €14 billion.10 There are a varying number of cost
studies in the five included countries that have shown
annual costs of €4716–€20,060 per patient, depending
on the cost assessment, study population, and reference
year (see Appendix A1).11-18 Several studies outside
these countries provide implications for resource use in
European health-care systems, with costs ranging from
€5240 to €19,640.19-22 The proportion of direct costs
was reported to be between 47% and 84%.13,16-22 Previ-
ous studies from the five countries showed overall higher
costs with increasing disease severity according to
HY.12-18 However, with 5%–40% (range: 5–46 patients),
the proportion of late-stage patients included was rather
small compared to the proportion of early-stage patients
(HY stages 1–3).13-19,21,23,24 The previously published
studies in this disease stage indicated a higher need for
care with increased caregiver burden25,26 and higher
resource utilization, especially through hospitalization and
institutionalization.12,13,16,17,19,21,27,28

The present study aims to provide detailed insights
into the resource utilization and drivers of costs in the
late stages of the disease across several European
countries.

Patients and Methods
Study Design

The Care of Late-Stage Parkinsonism (CLaSP) study
is a longitudinal multicentre cohort study of late-stage
PwPD and their caregivers from six European

countries. Detailed information on the clinical study
can be found elsewhere.29 The aim of the overall study
was to examine the health and social care needs, provi-
sion, and cost of care of late-stage PwPD, who are often
underserved and do not attend specialist centers. To
form this target group, we utilized various methods
to include patients who are not under regular specialist
follow-up. The centers contacted general practitioners,
hospitals, nursing homes, patient advocate groups, and
self-help groups. The study sites included neurology,
care of the elderly, and palliative care settings. Extensive
efforts were made to recruit individuals from non-
specialist settings, from primary care and nursing homes
where this was feasible.

Inclusion and Exclusion Criteria
Patients were eligible for the study when they were in

the on state and fulfilled one of the two criteria: disease
duration of at least 7 years and HY stage 4 or 5 or signifi-
cant disability according to the Schwab and England Scale
(≤50%). The on state was determined based on the time
when the patient took his or her last anti-parkinsonian
medication and the report of the patient and the caregiver
about the patient’s best motor activity. Patients with sec-
ondary parkinsonism (normal pressure hydrocephalus or
drug-induced parkinsonism, except if persisting even if the
causative drug is discontinued) were excluded. The analy-
sis used only baseline data.

Clinical Measures
The disease-specific condition of PwPD was assessed

by the Unified Parkinson’s Disease Rating Scale
(UPDRS).2,30,31 Patients’ HRQoL was measured using the
EQ-5D-3L, which assesses five dimensions of mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression.32 The score ranges from less than 0 (equivalent
to death) to 1 (perfect health state) and measures a total of
3^5(=243) different health states. The UK time trade-off
(TTO) value set was used to ensure comparability across
countries.32

Resource Use and Cost Estimation
Resource use was assessed using a standardized ques-

tionnaire adapted to the respective health-care system and
completed by the patients or caregivers. Unit costs were
based on national sources and guidelines (Appendix A2)
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and were calculated from a societal perspective for the year
2016. We selected a 3-month period to enhance recall
accuracy and provide a comprehensive overview of respon-
dents’ resource utilization. Direct resource utilization was
observed in the following areas: (1) outpatient medical
visits (consulted physicians and other health-care profes-
sionals); (2) ancillary therapy (physiotherapy, occupational
therapy, speech training, visits of a nurse, and further
therapy); (3) inpatient hospitalization; (4) inpatient and
outpatient rehabilitation clinic; (5) medical devices
and consumables; (6) formal care (care inside home, day
care outside home, respite and short-term care admis-
sion, and nursing home care); (7) medication; and
(8) informal care. Indirect costs were measured using the
human capital approach for absence from work due to
illness, as well as incapacity to work, unemployment,
early retirement, and reduced working hours due to
PwPD. A description of further assumptions can be
found in Appendix C.

Recruitment
In France, the study predominantly enrolled outpa-

tients and inpatients at a tertiary referral center, under
the close monitoring of investigators. In Germany,
patients were primarily recruited from specialist hospi-
tal clinics, where care was provided by an investigator.
In addition, a fraction of patients were recruited from
patient organizations. In the Netherlands, recruitment
occurred at secondary and tertiary neurology clinics
and elderly care clinics, mostly under the care of the
investigator. In Sweden, patients were mainly recruited
from Lund University Hospital outpatient clinics and
specialty care centers, all under the supervision of a
neurologist or the care of an elderly consultant. In the
UK, most participants were recruited from primary
care/general practices, community pharmacies, PD
charities, PD volunteer database, nursing homes, care
of the elderly, and neurology outpatient clinics.

Statistical Analysis
Statistical analysis was executed with IBM SPSS

Statistics version 26.0.0.0 (IBM, Armonk, New
York). The objective was to obtain detailed insights
into the use of resources in the respective sites
through exploratory analysis. Due to the non-normal
and positively skewed distribution of most parame-
ters, bias-corrected and accelerated bootstrap 95%
confidence intervals with 1000 replications were
calculated in addition to the arithmetic means. Non-
parametric Kruskal-Wallis or Mann-Whitney U test
was used to compare groups. A least absolute shrink-
age and selection operator (LASSO) approach was
utilized to identify the most influential independent
variables for explaining and predicting (total) costs.
This analysis was conducted using the glmnet

package in R. The relaxed LASSO technique33 helps
in selecting relevant covariates for the model without
shrinking the estimated coefficients. The penalty
strength for LASSO was determined through an
advanced cross-validation technique implemented in
the glmnet package. The potential cost drivers, con-
sidered as independent variables, were examined
using a generalized linear model (GLM) with a
gamma-distributed dependent variable and a log
link function. Country-specific data were evaluated
for utilization quantity and costs as well as disease
severity.

Results
Patient Characteristics

The baseline information of the PwPD group is pres-
ented in Table 1. A total of 592 PwPD were included,
with 76 persons from France, 228 from Germany,
78 from the Netherlands, 106 from Sweden, and
104 from the UK. The proportion of female partici-
pants within the study population ranged from 41%
(UK) to 46% (France, the Netherlands). The mean age
of the PwPD ranged from 74.1(�8.4) years in Germany
to 78.3(�6.9) years in Sweden. Disease duration varied
from 12.64(�8.14) years in Germany to 17.68(�9.72)
years in France. The mean health state measured by the
EQ-5D-3L ranged from 0.51(�0.20) in France to 0.65
(�0.18) in the UK. It decreased in all countries as the
HY stage increased.

Resource Utilization
Resource utilization differed notably between

national health-care sites (Table 2). At the French,
German, and UK sites, over 85% of PwPD had at least
one outpatient medical visit in the past 3 months. At
the Dutch and Swedish sites, however, proportions
were 73.1% and 67.9%, respectively. At the French
site, an average patient received more ancillary thera-
peutic interventions than PwPD in other countries.
Furthermore, the proportion of PwPD receiving this
form of therapy was higher at the French (94.7%),
German (78.2%), and Dutch (85.9%) sites than at the
Swedish (52.8%) and UK sites (52.9%).
The hospitalization rates also differed considerably.

Regarding the PwPD who had a hospital stay, the rate
was 6.4% in the Netherlands, 15.1% in Sweden, and
16.3% in the UK; however, this rate was 30.3%
and 52.4% in France and Germany, respectively.
Except for PwPD at the German sites, the utilization
rate of formal care in the home environment was rela-
tively similar. There were also differences between
sites in the utilization of formal care in the form of
nursing homes. In Germany and the UK, only 5.7%
and 3.8% of PwPD, respectively, were cared for in a
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TABLE 3 Resource use per patient in the 3-month period (€)

Cost parameter Country Mean

Bootstrap

Median Total costs (%)

BCa 95% CI*

Lower Upper

Total costs (direct costs, indirect costs,
and no informal care costs)

France 12,198 9966 14,732 9753 100

Germany*** 9657 (8995) 8362 11,193 7453 100 (100)

The Netherlands 13,678 11,517 15,854 15,519 100

Sweden 14,097 12,007 16,039 11,367 100

UK 4405 3086 5951 1105 100

Direct costs** France 11,961 9857 14,409 9688 98.1

Germany*** 8749 (8033) 7332 10,400 6567 90.6 (89.3)

The Netherlands 13,220 11,255 15,854 15,519 96.7

Sweden 13,719 11,958 15,570 10,604 97.3

UK 3598 2392 5163 893 81.7

Costs—outpatient medical visits France 212 153 291 152 1.7

Germany*** 177 (179) 153 203 124 1.8 (2.0)

The Netherlands 276 209 347 192 2.0

Sweden 290 229 357 284 2.1

UK 291 223 367 195 6.6

Costs—ancillary therapy France 1492 1269 1725 1339 12.2

Germany*** 639 (641) 566 711 434 6.7 (7.1)

The Netherlands 648 524 793 556 4.7

Sweden 808 558 1102 137 5.7

UK 71 36 116 15 1.6

Costs—hospital France 2759 1522 4208 0 22.6

Germany*** 4964 (4992) 4039 5955 1386 51.4 (55.5)

The Netherlands 158 33 308 0 1.2

Sweden 821 474 1181 0 5.8

UK 1070 512 1758 0 24.3

Costs—rehabilitation France 17 0 35 0 0.1

Germany*** 206 (214) 99 328 0 2.1 (2.4)

The Netherlands 1530 722 2448 0 11.2

Sweden 167 36 365 0 1.2

UK 626 11 1400 0 14.2

Costs—medical devices France 1336 1168 1506 1402 11.0

Germany*** 188 (192) 140 237 0 1.9 (2.1)

The Netherlands 67 47 96 17 0.5

Sweden 78 41 121 4 0.6

UK 38 19 60 0 0.9

(Continues)
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nursing home. However, at the French (32.9%), Dutch
(51.3%), and Swedish sites (38.7%), the share was
considerably higher. The French (9.5 h), German
(9.7 h), and UK (8.2 h) caregivers spent, on average,
the most informal care time per day. However, in the
Netherlands (4.8 h) and Sweden (5.2 h), this number
was considerably lower.

Utilization Costs
As a result of the utilization of resources, the overall

results for the examined sites also diverged in terms of
costs (Table 3). The highest total costs without informal
care per patient were found in the Swedish (€14,097)
and Dutch sites (€13,678). Slightly lower costs were
found at the French (€12,198), followed by the German
(€8995) and UK sites (€4405). At both the Swedish
(€10,631; 75.4%) and Dutch sites (€9189; 67.2%), the
largest contributor to costs was formal care. At

the French site, hospitalization (€2759; 22.6%), formal
care (€2891; 23.7%), and medication (€3252; 26.7%) each
accounted for approximately one-quarter of the costs. Of
these medication costs, €2165 was related to the treatment
of PwPD with subcutaneous application of apomorphine
(Fig. 1). At the German site, hospitalization (€4992;
55.5%) was the largest parameter. At the UK site, approxi-
mately half of the costs were attributable to hospitalization
(€1070; 24.3%) and formal care (€1225; 27.8%). Overall,
direct costs outweighed indirect costs at all sites. However,
the share of direct costs was higher at the French (98.1%),
Dutch (96.7%), and Swedish sites (97.3%) than at the
German (89.3%) and UK sites (81.7%). The separately
examined informal care costs were €8375 at the French,
€10,964 at the German, €4641 at the Dutch, €11,552 at
the Swedish, and €7751 at the UK sites. In terms of utiliza-
tion costs in relation to HY stages, results can be seen in
Appendix Table A2.

TABLE 3 Continued

Cost parameter Country Mean

Bootstrap

Median Total costs (%)

BCa 95% CI*

Lower Upper

Costs—formal care France 2891 2155 3846 2196 23.7

Germany*** 697 (689) 478 956 0 7.2 (7.7)

The Netherlands 9189 7609 10,777 15,260 67.2

Sweden 10,631 8821 12,558 8716 75.4

UK 1225 697 1833 0 27.8

Costs—medication France 3252 2098 4461 1078 26.7

Germany*** 1070 (1127) 820 1321 545 11.1 (12.5)

The Netherlands 1352 683 2157 151 9.9

Sweden 924 706 1185 556 6.6

UK 277 209 377 183 6.3

Costs—indirect France 237 118 474 0 1.9

Germany*** 962 (962) 606 1337 0 10.0 (10.7)

The Netherlands 458 63 852 0 3.3

Sweden 264 88 440 0 2.7

UK 807 304 1372 0 18.3

Costs—informal care (separated from
other costs)

France 8375 6971 9801 13,412

Germany*** 10,964 10,012 11,952 13,289

The Netherlands 4641 3156 6181 1021

Sweden 11,552 8613 14,482 4471

UK 7751 6553 9057 7437

Abbreviation: CI, confidence interval.
*95% bias-corrected and accelerated bootstrap CI.
**Direct costs arising from the sum of outpatient medical visits, ancillary therapy, hospital stays, rehabilitation, medical devices, formal care, and medication.
***Values within brackets represent the mean of the five imputed datasets. Values without brackets represent the results of the complete case analysis.
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Regression Analysis
When including all variables (country, gender, age,

duration of the disease, UPDRS 1 to 4, EQ-5D-3L, HY
stage, Schwab and England Scale), the relaxed LASSO
selects for gender, age, the duration of the disease,
UPDRS 2, the EQ-5D-3L, and the Schwab and England
Scale (Table 4). In terms of countries, France served as
the reference value. Although Germany showed no
effect compared to France, the Netherlands and Sweden

showed higher costs and the UK lower costs. Within
the final model, further interpretation of the estimated
coefficients using P-values is not recommended because
uncertainty from the selection process through the
LASSO is ignored.34 The estimated coefficients can be
interpreted as follows. An increase of one unit in the
parameter increases the total cost by exp(β) if the other
parameters remain unchanged. Accordingly, an increase
in age by 1 year decreases costs by approximately

TABLE 4 Multiple regression analysis identified cost-driving factors

Parameter

Total costs

95% CI

β* Exp (β)** Std. error CI lower CI upper

Intercept 10.829 0.680 9.450 12.172

The Netherlands 0.171 1.186 0.161 �0.137 0.495

Sweden 0.445 1.560 0.131 0.188 0.708

UK �0.856 0.425 0.136 �1.119 �0.585

Gender, male �0.161 0.851 0.102 �0.364 0.039

Age �0.022 0.978 0.006 �0.034 �0.011

Duration of the disease (y) 0.025 1.026 0.006 0.013 0.038

UPDRS 2—activities of daily living 0.011 1.011 0.010 �0.008 0.031

EQ-5D-3L �0.399 0.671 0.287 �1.010 0.198

UPDRS 6—Schwab and England Scale �0.009 0.991 0.004 �0.018 �0.000

Abbreviations: CI, confidence interval; UPDRS, Unified Parkinson’s Disease Rating Scale.
*The regression coefficient indicates that a value of 0 signifies no influence, whereas a value >0 (<0) indicates positive (negative) influence.
**The factor by which the predicted costs are influenced when the parameter is increased by 1 while keeping the other parameters unchanged.

The Netherlands

FIG. 1. Mean cost for medication per patient in euros in the 3-month period with separate listing of levodopa and apomorphine via pump.
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2.2%, and an increase in the duration of the disease by
1 year increases costs by approximately 2.6%. If the
UPDRS 2—Activities of Daily Living score increases by
one unit, costs increase by approximately 1.1%. Simi-
larly, a one-unit increase in the Schwab and England
Scale decreases costs by approximately 1.0%. A 0.1
increase in EQ-5D-3L reduces the expected cost by
about 4%. Male patients have an expected cost reduc-
tion of 14.9% compared to females.

Discussion

The CLaSP study aims to provide the first detailed
insights into the resource use and costs of late-stage
parkinsonism within five European countries. Previ-
ous studies with a small number of late-stage patients
indicated (1) a higher need for care and (2) an
increased caregiver burden due to the progression of
PD.25,26 Furthermore, (3) higher resource utilization
has been reported thus far, especially due to increased
hospitalization and institutionalization.12,13,16,17,19,21,27,28

When comparing our results to those of previous studies,
we extrapolated the costs to a one-year period, if neces-
sary. Because there were methodological differences,
study-specific cost assessments are listed in Appendix
Table A1.

Total Costs in the CLaSP Study and Their
Comparison with the Relevant Literature

The mean total costs in a 3-month period (extrapo-
lated to 1 year) without informal care were €12,198
(€48,792) in France, €8995 (€35,980) in Germany,
€13,678 (€54,712) in the Netherlands, €14,097
(€56,388) in Sweden, and €4405 (€17,620) in the
UK. When informal care costs were included, the
costs increased by €8375 (€33,500) in France,
€10,964 (€43,856) in Germany, €4641 (€18,564) in
the Netherlands, €11,552 (€46,208) in Sweden, and
€7751 (€31,004) in the UK.
The largest study in Europe that used a homogenous

approach collected the illness costs for PwPD in Austria
(12% HY 4, 4% HY 5), the Czech Republic (2%, 1%),
Germany (5%, 1%), Italy (4%, 0%), Portugal (8%,
0%), and Russia (19%, 4%). The total costs per year,
including informal care, ranged from €5240 in Russia
to €19,640 in Austria.19 Other previous studies in the
five countries showed mean total costs between €4716
and €20,060, but no informal care costs were consid-
ered. In small patient populations, costs for the late
stages were estimated to be up to €47,200 per year.11-18

The comparison with the listed studies shows that the
observed costs of the countries examined in the CLaSP
study, except for the UK site, were in the upper range
of the calculated costs of the late stages. In addition to
the methodological differences, different price levels

and the possible statistical spread caused by the small
number of observations may be due to increasing
resource consumption as a result of medical progress.16

Furthermore, recruitment strategies will have contrib-
uted to differences between populations.

Hospitalization Costs
Extrapolated to 1 year, the hospital costs were

€11,036 at the French and €19,968 at the German sites,
thus constituting major components of the costs. In
contrast, hospitalization costs were much lower at the
Dutch (€632), Swedish (€3284), and UK sites (€4280).
Previous studies observed lower costs in Germany from
€1747 to €240617,18 and other European countries
from €220 to €3520.19,21

Formal Care Costs
The highest formal care costs were observed at the

Dutch (€36,756 per year) and Swedish sites (€42,524
per year). At the French site, these costs amounted to
€11,564. At the French (62%), Dutch (85%), and
Swedish sites (76%), these costs were mainly caused
by institutional care in nursing homes. At the German
(€2756) and UK sites (€4900), where fewer partici-
pants were in nursing homes, the formal care costs
were lower. Overall, this shows a moderate to very
strong increase compared to the formal care costs in
Europe previously determined, which ranged from
€120 to €2120.19

Costs of Medication
Extrapolated to 1 year, the medication costs were

€13,008 at the French, €4508 at the German, €5408 at
the Dutch, €3696 at the Swedish, and €1108 at the UK
sites. Except for the French site, the medication costs
were largely comparable to the previously published
costs for other less severely ill PwPD, which ranged
from €1065 to €6512.15,18-21 Notably, at the French
site, 17.1% of the PwPD were treated with an apomor-
phine pump. As a consequence, 67% of the medication
costs were incurred by this particular type of drug
alone. At the German (3.1%), Dutch (1.3%), Swedish
(0%), and UK sites (4%), considerably fewer PwPD
were treated with an apomorphine pump.

Indirect Costs
Within all sites, direct costs outweighed indirect

costs (81.7–98.1% of costs excluding informal care).
Indirect costs related to lost work time for PwPD in the
examined countries were essentially lower than those in
previous studies, in which their proportion was from
16% to 53%,13,16-22 mainly because the majority of
PwPD in the CLaSP study had already reached retire-
ment age. Nevertheless, it is known that PwPD drop
out of the labor market earlier than the general
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population,35 and indirect costs are likely to be higher
in those with earlier disease onset.

Country-Specific Remarks on the Major Cost
Components

The results demonstrated the relevance of hospitaliza-
tion and patient care to the disease costs. More PwPD
had a hospital stay at the German (52.4%) and French
sites (31.6%) than at the Dutch (6.4%), Swedish
(15.1%), and UK sites (16.3%). Furthermore, the mean
length of stay per patient was higher at the German and
French sites than at the other three sites. Although some
of this difference may reflect recruitment bias at partici-
pating sites, there are known differences between coun-
tries in hospital admission rates: hospital discharges
among the 75–79-year-olds in the general population are
higher in France (48,403 per year per 100,000) and
Germany (61,487) than in the Netherlands (27,701),
Sweden (38,513) and the UK (32,307).36 The lengths of
stay of hospitalized PwPD in this study and the general
age-matched population36 also differed among the
French (13.8 days vs. 10.2 days), German (13.6 vs. 9.2),
UK (7.5 vs. 9.2), Swedish (7.3 vs. 5.5), and the Dutch
sites (3.8 vs. 5.5). Speculatively, the existing PD network
in the Netherlands may have been able to reduce hospi-
talizations through the expertise and focused collabora-
tion of physicians, PD nurse specialists, therapists, and
caregivers.37 In general, larger data samples have shown
thus far that PwPD have an approximately 1.45 times
higher hospitalization rate than the population of the
same age.38,39

Patient care was investigated in terms of both formal
and informal care. Overall, multiple formal care ser-
vices were assessed, and it was found that PwPD were
cared for differently at the sites studied. At the French
(31.6%), Dutch (28.2%), Swedish (25.5%), and UK
sites (26.0%), a substantial proportion of PwPD
received regular formal care at their own homes.
German PwPD received this type of care considerably
less often (5.7%), which may be explained in part by the
monetary incentive to substitute formal home care with
informal care.40 Furthermore, at the French (32.9%),
Dutch (51.3%), and Swedish sites (38.7%), the propor-
tion of PwPD living in a formal care facility such as a
nursing home was considerably higher at the German
(5.7%) and UK sites (3.8%). This cannot solely be
explained by the capacity of beds in related facilities in
the respective countries, which was 995 beds in nursing
homes per 100,000 in France, 1120 per 100,000 in
Germany, 1062 per 100,000 in the Netherlands, 1325
per 100,000 in Sweden, and 845 per 100,000 in the UK
in 2014/2013.41 An analysis based on data from approx-
imately 6.7 million insured persons with different statu-
tory health insurances in Germany estimated that
approximately 21% of German PD patients live in a

nursing home.42 In the UK, the observed proportion
(3.8%) of patients in nursing homes in the CLaSP study
was comparable to that of a less severely ill patient pop-
ulation (2–6%).15 However, in a study of medication
use by late-stage PD patients in the UK, approximately
24% were living in a nursing home.43 Accordingly, the
investigated population may underrepresent patients in
nursing homes at the German and UK sites. Generally, it
can be assumed that over time the number of nursing
home placements of PD patients increases,22 which is
supported by data indicating their high use of this
parameter in France, the Netherlands, and Sweden.
The proportion of PwPD in nursing homes is also

reflected in the informal care time. At the Dutch (4.8 h)
and Swedish sites (5.2 h), informal care time per day
was substantially lower than that at the German (9.7 h)
and UK sites (8.2 h). At the French site (9.5 h), how-
ever, the mean informal care time was quite similar to
that at the German site, even though PwPD received a
relatively high amount of formal care. Comparing
informal care time with the published literature is diffi-
cult because there is no consensus on which factors
should be included; therefore, informal care time is
assessed differently.44,45 Previous studies provided vary-
ing results, which also depended on the respective
health system and the patient population. Klietz and
colleagues46 observed 5.3 to 5.5 h/day in Germany;
McCrone observed 3.5 to 3.8 h/day in the UK,15 and
Campenhausen and colleagues observed 1.4 to 8 h/day in
Austria, the Czech Republic, Germany, Italy, Portugal,
and Russia.19 Accordingly, a differentiated conclusion
must be drawn regarding informal care. The progression
of the disease led to an increase in the need for care. It
appeared that there were health-care systems in which rel-
atives compensated for this effect considerably more. This
especially seems to apply to the French, German, and UK
sites than to the Dutch and Swedish sites. However, it is
unclear how much this observation is influenced by the
presumably underrepresented number of nursing home
residents in the German and UK sites. First, it seems plau-
sible that informal care time would decrease with higher
institutional placement of PwPD, although the support of
an informal caregiver is unlikely to become completely
dispensable.47 However, this relationship could not be
observed as strongly in the French PwPD as in the Dutch
and Swedish PwPD. Second, the situation among late-
stage PwPD cannot be generalized. The Dutch site has a
lower burden of informal care when the disease pro-
gresses more. Thus, daily informal care time is reduced
from 6.6 h/day in HY 4 to 1.2 h in HY 5. At the French
site, there is also a decrease in informal care time between
the two late stages from a mean of 10.4 to 8.0 h/day. At
the Swedish site, informal care time remains constant,
whereas at the German and UK sites, informal care time
increases between the two late stages of the disease. The
higher need for care among PwPD in the late stages of
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the disease is thus compensated to varying degrees by
the sites. This is reflected in particular in the utilization of
formal care, which increased considerably in all countries
as the disease progressed but counteracted increased infor-
mal care to different extents.

Cost-Driving Predictors
The inclusion of countries as a categorical variable in

the regression analysis allows us to make a more gener-
alizable interpretation of the remaining coefficients.
When analyzing the age of the patients, an expected
reduction in costs of 2.2% with each additional year of
age appears contradictory at first. However, this rela-
tionship is plausible considering that the indirect costs
can occur only before retirement and that the duration
of the disease is also an explaining variable in the
model. A negative correlation between total costs and
patient age16,18 and a positive correlation with the
duration of the disease15,17 were also observed in other
studies. In addition, costs increase with an increase in
UPDRS 2—Activities of Daily Living. Although not all
studies examine this variable in terms of its cost-driving
effect, the relationship between a decrease in the ability
to manage activities of daily living and rising costs
has been demonstrated several times.12,17,18 Contrary
to our model, previous studies showed lower expected
costs for female patients compared with male
patients.15,18 This could be caused by the fact that
women are more likely to be informal caregivers than
men15 and informal care costs were not considered
within our model. A correlation between an increase in
costs and a decrease in the quality of life was also
shown and is plausible. Both the Schwab and England
Scale and the HY Scale represent disease severity. The
relaxed LASSO selects the Schwab and England Scale,
whereas the HY scale is not selected. The reason for
this is probably that our model includes only patients
with late-stage disease, among whom the Schwab and
England Scale, with its several gradations, allows a
more sensitive differentiation.

Influence of Recruitment Strategies
The recruitment strategies employed in each country

might contribute to the observed resource utilization
across the national health-care sites. Especially, the
more diverse recruitment of patients in the UK may
have led to a cohort with slightly milder disease severity
and less likely utilization of specialized health-care ser-
vices compared to the cohorts recruited from the other
sites. The higher hospitalization rates in France and
Germany in contrast to the Netherlands, Sweden,
and the UK could be associated with the recruitment of
patients from specialized hospital clinics and tertiary
centers, where patients may be more likely to have
medical conditions requiring hospitalization.

Nevertheless, the different recruitment settings do not
diminish the significance of the identified cost-driving
factors, as within the GLM the influences of recruit-
ment are represented by the country variable.
The strength of this study lies in the large sample size

and the inclusion of a variety of settings. The recruitment
process facilitated the inclusion of patients from diverse
health-care settings. Nevertheless, the results demonstrate
the costs of different aspects of care of PD at this stage
and cost drivers across countries. Furthermore, it should
be noted that the PwPD included in HY stages ≤3 are not
representative of the early stages of the disease. Although
they were not classified into a late stage based on the HY
Scale, they showed considerable impairment according to
the Schwab and England Scale. Therefore, the patients in
HY stages ≤3 in this study may differ from early-stage
patients in other studies.
In summary, although our results do not allow for

conclusive results on the effectiveness of specific care
models, they demonstrate that although informal
care costs are a strong cost driver at this disease stage,
this is matched by costs of formal care in care homes
and hospitalizations in other countries, whereas the use
of medication and medical devices, with the exception of
the tertiary referral center in France, ancillary therapy,
rehabilitation, and outpatient visits, represents a rela-
tively low cost in this population. Prospective studies
should address whether methods to support informal
caregivers and outpatient services can reduce hospitaliza-
tions and admission to care homes with improved qual-
ity of life and comparable or lower costs.

Ethics Approval

All study sites received approval from their local ethics
committee before the start of the study; all patients gave
their written informed consent before study participation.
The CLaSP study is being conducted in compliance

with the Helsinki Declaration; that is, detailed oral and
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informants to ensure that the patient fully understands
the potential risks and benefits of the study. The study
protocol was approved by the local ethics committees of
all participating study sites (London: Camden and Isling-
ton NRES Committee 14/LO/0612; Bordeaux: South
West and Overseas Protection Committee III [South West
and Overseas Protection Committee] 2014-A01501-46;
Lisbon: Centro Hospitalar Lisboa Norte, DIRCLN-
19SET2014-275; Lund: Regional Ethical Review Board
in Lund, Sweden [JPND HC 559-002, Protocol code:
Dnr 2014/561]; Marburg: Ethik-Kommission bei der
Landesärztekammer Hessen [Ethics Commission at the
State Medical Association Hesse] MC 309/2014; Munich:
Ethikkommission bei der LMU München [Ethics commit-
tee at the LMU München] 193-14; Nijmegen: Radboud
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universitair medisch centrum, Concernstaf Kwaliteit en
Veiligheid, Commissie Mensgebonden Onderzoek Regio
Arnhem-Nijmegen [Radboud University Medical Center,
Group Staff Quality and Safety Human Research Com-
mittee, Arnhem-Nijmegen region] DJ/CMO300).
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Participants (patients and their caregivers) were
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consent was obtained. In case the patient lacked the
capacity to give consent to the study due to severe
cognitive impairment, the decision on study partici-
pation was made by a legal guardian or consultee,
depending on the ethical and legal requirements at
each site. All participants (patients and caregivers)
can withdraw from the study at any point in time
without any negative implications.
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