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Abstract

Objective The Care of Late-Stage Parkinsonism (CLaSP) study aimed to collect qualitative and standardized patient data
in six European countries (France, Germany, Netherlands, Portugal, UK, Sweden) to enable a detailed evaluation of the
underexplored late stages of the disease (Hoehn and Yahr stage > 3) using clinical, neuropsychological, behavioral, and health
economic data. The aim of this substudy was to provide a health economic evaluation for the German healthcare system.
Methods In Germany, 228 patients were included in the study. Costs were calculated from a societal perspective for a
3-month period. Univariate analyses were performed to identify cost-driving predictors. Total and direct costs were analyzed
using a generalized linear model with a y-distributed dependent variable and log link function. Indirect costs were analyzed
using a binomial generalized linear model with probit link function.

Results The mean costs for the 3-month period were approximately €20,000. Informal care costs and hospitalization are
approximately €11,000 and €5000. Direct costs amounted to 89% of the total costs, and the share of indirect costs was 11%.
Independent predictors of total costs were the duration of the disease and age. The duration of the disease was the main
independent predictor of direct costs, whereas age was an independent predictor of indirect costs.

Discussion Costs in the late stage of the disease are considerably higher than those found in earlier stages. Compared to the
latter, the mean number of days in hospital and the need for care is increasing. Informal caregivers provide most of the care.
Clinical Trial Registration The protocol was registered at ClinicalTrials.gov as NCT02333175 on 7 January, 2015.

1 Introduction
Key Points for Decision Makers
Parkinson’s disease (PD) is a chronic degenerative disease

Resource use of late-stage parkinsonism has not been of the nervous system. It is the second most common neuro-
sufficiently investigated; the CLaSP study provides the degenerative disease and affects approximately 1.4 million
first detailed health economic insight. people in Europe (2016) [1, 2]. The main characteristics of
Resource use increases in the late stages compared to the the disease are an asymmetric occurrence of bradykinesia,
earlier stages, while the duration of the disease and the tremor, and rigidity. As PD progresses, non-motor features
age of the patients were independent predictors of costs. such as dementia, depression, dysautonomia, and urinary

dysfunction occur more frequently and are often responsible
for the disability of patients in the advanced stages of the
3 disease [3-5]. The categorization based on disease stages
sional care. was first proposed by Hoehn and Yahr (HY) [6]. The stages
range from I to V, with stages IV and V referring to the late
stage of the disease. Patients in these stages cannot cope
with the activities of daily living on their own and have thus

A large burden is placed on relatives in the form of infor-
mal care and only 25% of the patients receive profes-

04 Richard Dodel become dependent on their caregiver (CG) [3].
richard.dodel @uk-essen.de The early stages of the disease have been investigated
Extended author information available on the last page of the article in a large number of studies, and detailed assessments are
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available on the health and social needs of the patients.
Table 1 of the Electronic Supplementary Material (ESM)
shows an overview of the major cost studies. Depending on
the country, the annual mean cost per patient in Europe was
between €5240 and €19,640 [7—11]. In the USA, the cost
ranged from $18,528 to $32,175 [12-14], in Australia, the
cost was AUD7020 [15], and in Singapore $10,129 [16].
Direct costs accounted for 39-90% of these costs [7-10, 14].
The late stages of PD, however, data are sparse [17]. If a
breakdown of costs by disease severity was provided, the
sample size of late-stage patients was small. As a result,
the medical and social needs of the patients, as well as the
societal costs are also insufficiently known. Generally, stud-
ies with smaller sample sizes of patients with late-stage PD
than our study tend to have an increased use of health as
well as social care resources (hospitalization and institu-
tionalization) [8, 18-20] and a high need for informal care
with increased CG burden [21, 22] compared with the earlier
stages. The annual mean cost of late-stage patients in Europe
was approximately between €2000 and €18,000; however,
the results were based on a sample size of late-stage patients
with a range of 3-23 [7, 8]. Because of the paucity of data on
the economic burden of patients in the late stage of PD, we
aimed to evaluate the health economic burden of the disease
in the late stages using data from the Care of Late-Stage
Parkinsonism (CLaSP) study [23].

2 Patients and Methods

2.1 Study Design

The CLaSP study is a longitudinal multicenter cohort study
from six European countries (Bordeaux, France; Marburg,
Essen, Munich, Germany; Nijmegen, the Netherlands;
Lisbon, Portugal; Lund, Sweden; London, Luton, UK) of
patients with late-stage PD and their informal CG. Further
information on the clinical study can be found in the study
protocol [23].

2.2 Inclusion and Exclusion Criteria

Patients were eligible for the study if they had a disease
duration of at least 7 years and were assigned to HY stage
IV or V in the “on” state or had developed significant
disability (Schwab and England Scale <50%) in the “on”
state. The “on” state of PD is when a patient‘s symp-
toms are controlled in the presence of drug therapy and
when they feel at their most capable. The ‘off’ state of
PD is when PD symptoms come back and affect patients
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the most. Patients diagnosed with symptomatic PD were
excluded. As the analysis refers to the German healthcare
system, foreign data were also excluded. Furthermore,
only baseline data were used for the analysis.

2.3 Outcome Measures

The health economic data were collected by a standardized
questionnaire already used in previous health economic cost-
of-illness studies [7].

2.3.1 Clinical Assessments

The Unified Parkinson’s Disease Rating Scale was used to
address the sections mentation, behavior and mood, activi-
ties of daily living, motor examination, and complications
of therapy. The minimum value of O indicates no disabil-
ity at all, while the maximum value of 199 indicates the
worst possible result. In addition, the Unified Parkinson’s
Disease Rating Scale HY Scale was used to describe the
stage of PD severity of the disease. Patients at stage III have
a mild-to-moderate bilateral disease. They have some pos-
tural instability and are physically independent. At stage IV,
patients have a severe disability, but they are still able to
walk or stand unassisted. Stage V patients are bound to the
wheelchair or are bedridden unless aided [6]. The Schwab
and England Scale measures the ability to perform activi-
ties of daily living. A decreasing percentage value indicates
a deterioration. Patients with a score of 50% are already
more dependent and need help with half of their chores.
They have difficulty with all activities of daily living. With
a score of 40%, the patients are very dependent. They can do
all chores with assistance but few alone. At 30%, they need
substantial help. With effort, they can sometimes do a few
chores alone. Patients at 20% can do nothing alone. They
only can do some slight help with some chores. They are
severe invalids. A score of 10% indicates total dependence
and helplessness. At 0%, vegetative functions such as swal-
lowing and bladder and bowel function are not functioning,
and patients are bedridden [24].

2.3.2 Health-Related Quality of Life

Health-related quality of life was evaluated using the
self-completed generic EuroQol instrument. The patients
answered the EQ-5D-3L questionnaire and a visual analog
scale (EQ-VAS). The EQ-5D-3L questionnaire concerns
mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression [25]. Each of these domains can be
evaluated at three levels. As a result, 3° (=243) different
conditions of health-related quality of life can be defined.
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The values range from less than 0 (where O is a health state
equivalent to death) to 1 (perfect health) [26].

2.4 Cost Assessment

Costs were calculated from a societal perspective and were
divided into direct and indirect costs [27]. Unless stated oth-
erwise, the assumed costs refer to the year 2016 (Table 1).
The costs were calculated for a 3-month period.

2.4.1 Direct Costs

2.4.1.1 Outpatient Medical Visits Consulted physicians’
specific costs per visit were calculated [28] with respect to
private healthcare compensation [29]. Afterwards, specific
costs were multiplied by the number of visits related to the
examined disease over the last 3 months.

2.4.1.2 Hospital and Rehabilitation Costs for inpatient care
in hospitals were calculated on a daily basis. In addition to
the operating costs, the capital costs were also taken into
account [28, 30]. Costs for rehabilitation were differentiated
into inpatient and outpatient rehabilitation on a daily basis
[28].

2.4.1.3 Ancillary Therapy Costs for physiotherapy, occu-
pational therapy, speech training, and further therapy apart
from medication were also estimated by specific costs per
visit [28].

2.4.1.4 Medical Devices and Consumables Costs for medi-
cal devices and consumables were based on the reported
expenses of the statutory health company [31].

2.4.1.5 Formal Care and Informal Care Specific costs
depending on the level of care were calculated for semi-
residential day care, short-term care, and night care per
day. The average remuneration depending on care levels
and investment costs dates from 2015 and was inflated to
2016 [32]. Costs for outpatient home care were the aver-
aged and deflated (from 2018 to 2016) official compensation
agreements from the Verband der Ersatzkassen (VDEK) for
welfare and private care associations in Bavaria [32-34].
Because the patients only stated on how many days they
received outpatient home care, we had to estimate the aver-
age length of stay of a patient and the average number of
visits per day. We determined the average duration per visit
and the number of visits per day from the accounting data
of a provider of outpatient care depending on the level of
care [35]. Costs for 24-h care (€12.33/h) and informal care
were based on the minimum wage within the care sector
plus ancillary costs.

2.4.1.6 Medication Medication costs were based on the
official drug price list, Rote Liste 2016 [36]. The cheapest
drug of the respective active ingredient was calculated and
used to determine the costs. The suppliers varied.

2.4.2 Indirect Costs

Within indirect costs, productivity losses for early retire-
ment, unemployment, part-time employment, and sick leave
because of PD were calculated according to the human capi-
tal approach. For early retirement and unemployment, cal-
endar days before the 67th birthday within the study period
were multiplied by €121.74. The number of days missed
because of sick leave was multiplied by €201.98 (based on
220 working days in 2016). These values were derived from
the average annual gross wage in Germany (€44,436) [37].

2.5 Missing Values

Approximately 97.5% of the values were complete. Never-
theless, in 123 of the 228 cases, missing values occurred.
The latter were estimated by multiple imputation using the
Markov Chain Monte Carlo method for five additional data
samples.

21 of the included patients indicated a hospital stay with-
out being able to quantify the length of stay. In these cases,
the length was taken from the mean length of stay in the
DRG Fallpauschalen-Katalog based on the reason for hos-
pitalization [38].

Because of an accumulation of missing values and irregu-
lar answers, the variable informal care was examined sepa-
rately. In total, 60/228 values were missing. In 32/60 cases,
there was a CG who did not participate. In 28/60 cases, the
data were missing for unknown reasons.

In 61 cases, the sum of the informal caring time was
greater than 24 h. The first step therefore was to establish
that informal care could not exceed 16 h (8 h of sleep). As
the data on informal care were corrected downwards and
the distribution was unique, a multiple imputation was not
used for missing values. Instead, we tried to include that in
32 cases, we knew there was a CG who did not participate.
In these cases, the informal care time was estimated with the
corrected mean informal care time of the remaining patients
(11.81 h/day). Values that were missing for unknown reasons
were excluded.

2.6 Statistical Analysis

The statistical analysis was performed using IBM SPSS Sta-
tistics, Version 26.0.0.0 (IBM, Armonk, New York, USA).
To check the data for normal distribution, the Kolmogo-
rov—Smirnov test and Shapiro-Wilk test were used (p <
0.05) [39]. The total and direct cost data were positively
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Table 1 Unit costs for consumption of resources

Parameter Value Unit Year References
General practitioner 19.53  €/visit 2016 Bock et al., 2015 [28]
Neurologist 66.62  €/visit 2016 Bock et al., 2015 [28]
Urologist 27.17  €/visit 2016 Bock et al., 2015 [28]
Ear, nose, and throat specialist 28.20  €/visit 2016 Bock et al., 2015 [28]
Dermatologist 21.89  €/visit 2016 Bock et al., 2015 [28]
Radiologist 217.51 €/visit 2016 Bock et al., 2015 [28]
Physician consultation average 28.87  €/visit 2016 Bock et al., 2015 [28]
Multiplier outpatient medical sector (private and statutory 3.72 Percent 2016 Bock et al., 2015 [28]; Krauth et al., 2005 [29]
health insurance)
Physiotherapy 18.09  €/visit 2016 Bock et al., 2015 [28]
Occupational therapy 39.93  €/visit 2016 Bock et al., 2015 [28]
Speech training 41.97  €/visit 2016 Bock et al., 2015 [28]
Ancillary therapy average 20.92  €/visit 2016 Bock et al., 2015 [28]
Multiplier ancillary therapy (private and statutory health insur-  1.31 Percent 2016 Bock et al., 2015 [28]
ance)
Multiplier copayments ancillary therapy 225  Percent 2016 Bock et al., 2015 [28]
Hospital stay (inpatient) 692.77 €/day 2016 Bock et al., 2015 [28]; Krauth et al., 2005
[29]; Bruckenberger, 1997 [30]
Rehabilitation facility (inpatient) 144.46 €/day 2016 Bock et al., 2015 [28]
Rehabilitation facility (outpatient) 58.52  €/day 2016 Bock et al., 2015 [28]
Medical devices BARMER, 2018 [31]
Day care outside home
Care level 1 45.02  €/day 2016 Bock et al., 2015 [28]
Care level 2 52.51 €/day 2016 Bock et al., 2015 [28]
Care level 3 59.77  €/day 2016 Bock et al., 2015 [28]
Day care inside home
Compensation 32.61 €/hour 2016 Bock et al., 2015 [28]
Travel flat-rate 4.26 €/visit 2016 Bock et al., 2015 [28]
Average operation time (depending on care level)
Care level 1 0.36  hours/visit 2019 Pflegebiiro Bahrenberg Gruppe, 2019 [35]
Care level 2 0.38 hours/visit 2019 Pflegebiiro Bahrenberg Gruppe, 2019 [35]
Care level 3 0.37 hours/visit 2019 Pflegebiiro Bahrenberg Gruppe, 2019 [35]
Average number of operations (depending on care level)
Care level 1 2.00 operations/day 2019 Pflegebiiro Bahrenberg Gruppe, 2019 [35]
Care level 2 2.14 operations/day 2019 Pflegebiiro Bahrenberg Gruppe, 2019 [35]
Care level 3 3.17 operations/day 2019 Pflegebiiro Bahrenberg Gruppe, 2019 [35]
Night care
Care level 1 65.80  €/day 2016 Bock et al., 2015 [28]
Care level 2 76.59  €/day 2016 Bock et al., 2015 [28]
Care level 3 89.67 €/day 2016 Bock et al., 2015 [28]
Respite or short-term care admission
Care level 1 67.49  €/day 2016 Bock et al., 2015 [28]
Care level 2 83.38  €/day 2016 Bock et al., 2015 [28]
Care level 3 99.57  €/day 2016 Bock et al., 2015 [28]
24-h care (minimum wage within care sector) 12.33  €/hour 2016 Bock et al., 2015 [28]
Informal care (minimum wage within care sector) 12.33  €/hour 2016 Bock et al., 2015 [28]
Unemployment due to illness 121.74 €/day 2016 Statistisches Bundesamt (Destatis), 2019 [37]
Day of illness (based on 220 working days) 201.98 €/day 2016 Statistisches Bundesamt (Destatis), 2019 [37]

Medication

2016

Rote Liste Service GmbH, 2016 [36]
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skewed. In terms of indirect costs, only a small number of
patients showed productivity losses. This resulted in a dif-
ferent distribution, in which no indirect costs arose for the
majority.

Accordingly, for total, direct, indirect costs, and infor-
mal care, bias-corrected and accelerated bootstrap 95%
confidence intervals with 1000 replications were calculated
from the original data set [40]. A univariate analysis was
conducted to identify potential cost drivers. Differences
between the means of two or more independent groups were
tested with the nonparametric Mann—Whitney U test and the
Kruskal-Wallis H test, respectively. For exploratory reasons,
the significance level was set at 5% and was not adjusted, for
example, by a Bonferroni correction.

The factors previously identified as potential cost driv-
ers were then examined in a multiple regression analysis.
For total and direct costs, a generalized linear model with
a y-distributed dependent variable and a log link function
was used [41]. For indirect costs, a binomial generalized
linear model with a probit link function was used. To avoid a

distortion of total costs due to the very different distribution
of informal care, the latter was included in a second analysis
and examined separately (Table 5).

For total and direct costs, univariate and multiple regres-
sion analyses were performed using both the original data
and the imputed data sets (Tables 2—5 and 8-9 of the ESM).
No data had to be imputed for indirect costs.

3 Results
3.1 Patient Characteristics

Table 2 shows the patient characteristics. A total of 228
patients were enrolled in the study from three centers in Ger-
many: 120 Munich (53%), 81 Marburg (36%), and 27 Essen
(12%). Of these, 97 (43%) were female and 131 (57%) were
male. The mean age was 74.06 + 8.39 years. On average, the
disease duration was 12.64 + 8.14 years. Seventy-two (32%)

Table 2 Baseline information

; - . Parameter n Missing Mean Standard Minimum Maximum
about patients’ disease severity deviation
Sex
Female 97 - - - - -
Male 131 - - - -
Age 227 1 74.06  8.39 46.00 95.00
UPDRS
Hoehn and Yahr

I 14

v 142 - - - - -

v 72 - - - -
Schwab and England

0.7 - - - - -

0.6 - - - -

0.5 56 - - - -

04 35 - - - -

0.3 55 - - - -

0.2 34 - - - -

0.1 24 - - - -

0 14 - - - -
Mentation, behavior, and mood 228 0 5.14 3.00 0.00 13.00
Activities of daily living 228 0 26.84 799 7.00 47.00
Motor examination 228 0 48.98 17.36 10.00 92.00
Complications of therapy 228 0 4.63 3.79 0.00 16.00

EQ-5D-3L 227 1 0.45 0.27 -0.21 0.90
Insurance status
Private health insurance 39 4 - - - -
Statutory health insurance 184 - - - -
Duration of the disease (years) 222 6 12.64 8.14 1.00 51.00

UPDRS Unified Parkinson’s Disease Rating Scale
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were assigned to stage HY V, 142 patients (62%) to HY 1V,
and 14 entries (6%) to HY III.

3.2 Costs of lliness

The breakdown of health-related resource consumption can
be seen in Table 3. From the societal perspective, the total
cost average was €9657 per quarter for the original data set.
The costs extrapolated to 1 year were therefore €38,628. The
calculated bootstrap 95% confidence interval was between
€8362 and €11,193. The cost of informal care was €10,964.

Table 3 Resource use per patient in the 3-month period

3.3 Direct Costs

The mean direct costs were €8749 (90.6% of total costs),
with each patient causing health-related direct costs
(Table 3). The bootstrap 95% confidence interval was
between €7437 and €10,744.

3.3.1 Inpatient Stay

With €4,964 (51.4%), the hospital stays caused approxi-
mately half of the total costs. A total of 52% of the patients
were hospitalized within the 3-month study period. On aver-
age, the patients spent 7.2 days in hospital.

Parameter Original data set

Imputed data sets

n(%)® Mean (€) 95% CI*

Median (€) Total costs (%) Mean (€) Total costs (%)

Lower Upper
Direct costs 100 8749 7332 10,400 6567 90.6 8033 89.3
Physicians 88.6 177 153 203 124 1.8 179 2.0
Primary physician 85.9 110 94 129 67 1.1 113 1.3
Further physicians 48.1 62 47 79 0 0.6 66 0.7
Ancillary therapy 78.2 639 566 711 434 6.7 641 7.1
Medical aids 342 188 140 237 0 1.9 192 2.1
Hospital 52.4 4964 4039 5955 1386 514 4992 55.5
Rehabilitation 8.1 206 99 328 0 2.1 214 24
Inpatient 5.8 203 103 324 0 2.1 213 24
Outpatient 2.2 1 1 2 0 0 1 0.0
Professional care 25.8 697 478 956 0 7.2 689 7.7
Medication 100 1070 820 1321 545 11.1 1127 12.5
Levodopa 86.9 478 239 754 73 5 507 5.6
Dopamine agonist 53.3 239 161 337 46 2.5 242 2.7
MAQO inhibitor 7.5 30 18 45 0 0.3 31 0.3
COMT inhibitor 79 20 10 29 0 0.2 20 0.2
Anticholinergic antiparkinsonian medication 2.2 0 2 0 0 1 0.0
Amantadine 2.5 5 8 0 0.1 6 0.1
Antidepressant 31.9 7 11 0 0.1 9 0.1
Antipsychotics 26.8 3 7 0 0 0.1
Drugs for dementia 19.3 12 9 15 0 0.1 12 0.1
Antihypotensive agent 0.4 0 0 1 0 0 0 0.0
Other medication 95.5 249 193 318 132 2.6 295 33
Indirect costs 9.2 962 606 1337 0 10 962 10.7
Early retirement or unemployment 8.3 926 585 1267 O 9.6 926 10.3
Sick leave 0.9 63 0 89 0 0.7 36 0.4
Total costs 100 9657 8362 11,193 7453 100 8995 100
Informal care 82.5 10,964 10,012 11,952 13,289 113.5 10,964 121.9

CI confidence interval, COMT catechol-O-methyltransferase, MAO monoamine oxidase inhibitor

%95% bias corrected and accelerated bootstrap CI from the original data set

bPercentage of patients for whom costs were incurred
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3.3.2 Drug Treatment

The costs of medication were €1070 (11.1%). Medication
was mostly driven by levodopa and dopamine agonists.
Approximately 96% of the patients took further medication
outside of therapy for PD.

3.3.3 Professional Care

The mean costs of professional care were €697 (7.2%).
Therefore, the parameter only accounts for a small propor-
tion of the total costs. Only 25.8% of the patients received
professional care.

3.3.4 Further Direct Costs

The remaining direct costs in descending order amounted
to €639 (6.7%) for ancillary therapy, €206 (2.1%) for reha-
bilitation, €188 (1.9%) for medical aids, and €177 (1.8%)
for physician visits.

3.4 Indirect Costs

Indirect costs were incurred by 9.2% of the patients. The
indirect cost amounted to €962 (10%). Indirect costs were
mainly driven by early retirement or unemployment of the
patients with PD.

3.5 Informal Care

A total of 83% of the patients received informal care. The
mean cost for the 3-month period of informal care was
€10,964. Thus, the informal care costs exceeded the total
costs charged by 13.5%.

3.6 Cost of lliness: Imputed Data Sets

In summary, the imputed data sets showed comparable
results. With regard to the subcategories of direct costs,
there were almost no changes and the differences amounted
to only a few Euros. However, there is a larger difference in
the sum of all direct costs (€8749 vs €8033). This is owing
to the fact that within the original data set only complete
cases were included in the calculation of the mean. Within
the subcategories, individually missing values were less
noticeable because the majority of the data for the respective
parameter was complete. The mean value of the direct cost
deviates more strongly because it results from the mean of
all complete cases over all parameters. As the indirect costs

were identical, the difference that occurred for the total costs
was the same.

3.7 Cost-Driving Factors: Univariate Analysis

Tables 2—4 of the ESM show the results of this analysis for
total, direct, and indirect costs. In terms of total costs, no
significant differences were found between tested groups of
the parameters. For direct costs, nonparametric tests indi-
cat significant differences between groups of (1) menta-
tion, behavior, and mood. For indirect costs, (1) age, (2)
HY, (3) Schwab and England, (4) complications of therapy,
and (5) EQ-5D-3L we found significant differences between
the groups. Within the areas tested, there were no signifi-
cant differences in sex or insurance status. In addition, the
groups of activities of daily living, motor examination, and
duration of the disease showed no significant differences.
However, these are not ordinal or nominal variables; hence,
the analysis could be inaccurate. Therefore, they were also
transferred to the multiple regression analysis. Table 5 of the
ESM shows the separate analysis for informal care. There
were significant differences between the groups of (1) sex,
(2) HY, (3) Schwab and England, (4) activities of daily liv-
ing, (5) motor examination, (6) complications of therapy,
and (7) EQ-5D-3L.

3.8 Cost-Driving Factors: Multiple Regression
Analysis

Based on the cost drivers and their effects on total, direct,
and indirect costs, the results are presented in Table 4. The
duration of the disease and age were identified as cost-driv-
ing factors for total costs. The duration of the disease was
a driver of direct costs. However, this only applied to the
original data set; within the imputed data set, the duration
of the disease was not a significant cost driver for direct
costs (p = 0.068). For indirect costs, only the age of the
patients was a significant cost-driving factor. Additionally,
Table 5 shows the results with included informal care costs.
The duration of the disease and age remain significant cost
drivers for total costs. While the respective costs increased
with increasing duration of the disease, they decreased with
increasing age. In addition, the Unified Parkinson’s Dis-
ease Rating Scale activities of daily living also showed a
significant positive cost-driving effect. The influence of all
other factors previously identified as potential cost drivers
by univariate analysis, was not confirmed by the multiple
regression analysis.
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Table 4 Multiple regression analysis of potential cost-driving factors

Parameter Total costs
Original data Imputed data
s 95% CI* P value s 95% CI* P value
Lower Upper Lower Upper
Age -0.029 —0.047 -0.010 0.003 —0.025 —0.042 —0.009 0.003
UPDRS
Hoehn and Yahr
I 0.493 —0.287 1.273 0.215 0.368 —0.298 1.034 0.279
v -0.113 -0.533 0.308 0.599 —0.065 —0.423 0.293 0.723
vV _ _ _ _ _ _ _ _
Schwab and England
0.7 - - - - - - - -
0.6 -0.030 —2.038 1.979 0.977 0.102 —1.355 1.559 0.891
0.5 0.360 —1.417 2.136 0.692 —0.057 —1.398 1.285 0.934
0.4 0.271 —1.516 2.057 0.766 -0.092 —1.459 1.275 0.895
0.3 0.157 —1.623 1.938 0.863 -0.152 —1.518 1.213 0.827
0.2 0.244 —1.654 2.143 0.801 -0.162 -1.617 1.292 0.827
0.1 -0.136 —2.048 1.775 0.889 -0.671 —2.168 0.827 0.380
0 0.263 —1.784 2.311 0.801 0.101 —1.501 1.703 0.901
Mentation, behavior, and mood —-0.021 —0.082 0.041 0.512 -0.007 —0.057 0.044 0.791
Activities of daily living 0.018 -0.015 0.052 0.285 0.018 -0.012 0.047 0.243
Motor examination 0.003 -0.012 0.018 0.677 0.000 -0.012 0.013 0.949
Complications of therapy -0.022 -0.070 0.026 0.361 —0.009 —0.053 0.034 0.669
EQ-5D-3L -0.337 —1.047 0.374 0.353 -0.310 -0.919 0.299 0.318
Duration of the disease (years) 0.030 0.010 0.049 0.003 0.018 0.001 0.036 0.039

Age
UPDRS
Hoehn and Yahr
III
v
\%
Schwab and England
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Mentation, behavior, and mood
Activities of daily living
Motor examination
Complications of therapy
EQ-5D-3L

Duration of the disease (years)

Goodness of fit: deviance [value/df] = 0.928 for original data; between 0.979 and 1.010 for imputed
datasets | Pearson Chi-square [value/df]: 0.731 for original data; between 0.857 and 0.875 for imputed

datasets
Direct costs
—0.006

0.333
-0.210

-0.478
0.404
0.243
0.166
0.272
-0.152
0.339
—-0.031
0.019
0.004
—-0.035
—-0.185
0.030

-0.027

—-0.480
—0.640

—2.552
—1.446
-1.619
—1.687
-1.701
—2.142
—-1.790
—-0.096
-0.016
-0.012
—0.084
-0.920
0.009

0.015

1.145
0.219

1.597
2.255
2.106
2.019
2.246
1.837
2.468
0.034
0.054
0.019
0.013
0.549
0.050

0.571

0.422
0.337

0.652
0.668
0.798
0.860
0.787
0.881
0.755
0.348
0.284
0.621
0.154
0.621
0.005

—-0.003

0.183
-0.130

0.425
0.508
0.420
0.369
0.400
—0.149
0.630
—-0.015
0.022
0.000
—-0.020
-0.173
0.017

-0.022

-0.510
—0.493

—1.096
—0.883
—0.988
—1.033
—1.090
—1.682
-1.012
—-0.067
—-0.009
-0.013
—0.064
—-0.809
0.001

0.015

0.876
0.233

1.947
1.899
1.827
1.770
1.891
1.385
2.273
0.038
0.053
0.012
0.024
0.464
0.035

0.715

0.604
0.483

0.584
0.474
0.559
0.606
0.599
0.849
0.452
0.586
0.166
0.962
0.370
0.595
0.068
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Table 4 (continued)

Parameter Total costs
Original data Imputed data
s 95% CI* P value Vi 95% CI* P value
Lower Upper Lower Upper
Goodness of fit: deviance [value/df] = 1.017 for original data; between 1.051 and 1.095 for imputed
datasets | Pearson Chi-square [value/df]: 0.830 for original data; between 1.021 and 1.045 for imputed
datasets
Indirect costs
Age -0.218 —0.305 -0.132 <0.001
UPDRS
Hoehn and Yahr
1 1.080 -2.117 4.278 0.508
1AY 0.255 —-1.512 2.022 0.777
Vv — — — —
Schwab and England
0.7 - - - -
0.6 -0.371 —3.488 2.746 0.815
0.5 —2.520 —5.581 0.542 0.107
0.4 —2.646 —5.994 0.701 0.121
0.3 -2917 —6.266 0.431 0.088
0.2-0.0 —4.230 —8.574 0.114 0.056
Mentation, behavior, and mood 0.204 —0.025 0.432 0.080
Activities of daily living —0.041 —0.135 0.053 0.389
Motor examination 0.038 -0.013 0.089 0.143
Complications of therapy 0.049 —0.107 0.204 0.541
EQ-5D-3L —0.940 —3.053 1.173 0.383
Duration of the disease (years) 0.064 —-0.002 0.130 0.058

Goodness of fit: deviance [value/df] = 0.200 | Pearson Chi-square [value/df]: 0.287

CI confidence interval, UPDRS Unified Parkinson’s Disease Rating Scale

295% Wald CI for p

bRegression coefficient, where a value a value of 0 indicates no influence and a value >0 (<0) indicates a positive (negative) influence

4 Discussion

The aim of this study was to evaluate the health economic
resource utilization of patients in the late stage of PD in
Germany. The results indicated that the total and direct costs
of the imputed data sets were more robust when the subcat-
egories were combined, hence they are referred to in this
section. For better comparability, the costs of the studies
discussed below were inflated to the year 2016 using the
German [32] or European consumer price index [42], and
were extrapolated to 1 year if necessary.

The mean total cost without informal care of the inves-
tigated group was €8995 over the 3-month period, and
extrapolated to 1 year, the cost was €35,980. Currently, no
studies are available that evaluated the resource utilization
in the late stages of the disease; however, a comparison of
pertinent studies (for a comparison, see Table 1 of the ESM)

based on HY stages is feasible. Within the German health-
care system the calculated costs of PD by Reese et al. [18]
(6% late-stage patients) and Spottke et al. [43] (10% late-
stage patients), amounted to €19,274 and €24,737 per year,
respectively. It is worth mentioning that the former study
[18] included informal care costs of €1156 within the total
costs, whereas the latter study [43] did not calculate infor-
mal care costs. Thus, the comparison indicates a significant
increase in total costs. On a European level the comparison
also indicates an increase in the total costs (see Table 1 of
the ESM). The total costs with only a few patients in the
late stages of the disease were €18,835 in Italy (4% late-
stage patients) [44] and €21,604 in Austria (16% late-stage
patients) [45]. The amount of informal care costs in these
studies was €4425 [44] and €7084 [45]. Furthermore, there
are pertinent studies that do not allow a comparison of the
patient population based on the HY stages, but because of
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Table 5 Multiple regression analysis of potential cost-driving factors
(informal care included)

Parameter Total costs
Imputed data
Vs 95% CI* P value
Lower  Upper
Sex
Female —0.083 -0.247 0.081 0.321
Male - - - -
Age —-0.014 -0.026 —0.002 0.018
UPDRS
Hoehn and Yahr
I —0.207 -0.651 0.238 0.362
v —0.108 —-0.338 0.122 0.358
v
Schwab and England
0.7
0.6 0.033 —-0.897 0.963 0.944
0.5 0.303 —-0.524 1.131 0472
0.4 0.191 —0.659 1.042 0.660
0.3 0.287 —0.564 1.138 0.509
0.2 0.319  -0.587 1.225 0.491
0.1 0.146  —0.803 1.095 0.763
0 0.373  —-0.647 1.394 0.474
Mentation, behavior, and 0.015 —-0.018 0.048 0.381
mood
Activities of daily living 0.020  0.002 0.039 0.030
Motor examination —-0.006 —-0.014 0.002 0.134
Complications of therapy —0.008 —-0.035 0.020 0.587
EQ-5D-3L —-0.185 —-0.570  0.200 0.346
Duration of the disease (years) 0.015  0.003 0.027 0.011

Goodness of fit: deviance [value/df] = 0.277 | Pearson chi-square
[value/df]: 0.230

CI confidence interval, UPDRS Unified Parkinson’s Disease Rating
Scale

295% Wald CI for g

bRegression coefficient, where a value a value of O indicates no influ-
ence and a value >0 (<0) indicates a positive (negative) influence

their study design they cover a less late diseased population
on average [9, 10]. Jennum et al. calculated costs of €11,323
(Denmark) for patients who received their PD diagnosis in
the primary or secondary sector in hospitals [10]. Olesen
et al. estimated the total costs in Europe at €11,934 based
on a systematic literature review [9].

In our study, the mean direct cost was €8033 over the
3-month period, and extrapolated to 1 year, the direct cost
was €32,132. The direct costs of the mentioned German
studies were €13,526 [18] and €13,219 [43]. The European
study by Olesen et al. [9] calculated direct costs of €10,746.
Further direct costs were €13,145 (Italy) [44], €12,962
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(Austria) [45], and €9370 (Denmark) [10]. Thus, the com-
parison showed a distinct increase in direct costs at both the
national and European level. Within the direct costs of the
CLaSP study, hospitalization was the biggest cost item with
€19,968 per year (56%). The patients spent approximately
7.2 days in the hospital during the 3-month study period. Of
these, 83% of hospitalizations were directly linked to PD.
Even though hospital days generally increase with age, the
comparable general population age group between 70 and
74 years in Germany spends only approximately 0.73 days
in hospital in the same period (age group 60-64 years: 0.45
days; age group 85-89 years: 1.45 days) [46]. At the same
time, the number of hospital admissions was also increased.
In the CLaSP study, 52% of the patients were hospitalized.
In contrast, previous studies showed a considerably lower
hospitalization rate with 10-12% [18, 43], whereas the aver-
age population aged 70-74 years in Germany has 0.10 hos-
pital cases per patient in the same period (age group 60-64
years has 0.06 cases and age group 85-89 years has 0.16
cases) [46]. Thus, there seems to be an increase in hospital
stays, which was also demonstrated in a recent analysis on
case number development of PD inpatient treatment in Ger-
many [47]. At the same time, the drug cost increased with
€4508 compared with the previous studies with €3327 [18]
and €3749 [43]. The costs for professional care have also
increased, at €2756 per year, compared with those of a less
severely diseased patient population at €229 [18].

The mean indirect cost was €962 for the 3-month period,
and extrapolated to 1 year, the cost was €3848. In total, only
one patient was still working. The comparison with previous
German studies with €5748 [18] and €7843 [43] showed
thereby a considerable decrease, which is mainly owing to
the older age of the patients (74.06 + 8.39 years vs 63.1 +
9.9 years [18] and 67.3 + 9.6 years [43]).

Only a few studies have evaluated costs of informal care
(see Table 1 of the ESM). Therefore, a precise comparison
of costs and factors associated with costs for informal care in
our study with the published literature is difficult, in particu-
lar as informal care was evaluated differently with respect
to cost as there is no current consensus on what factors to
sum up when calculating informal care costs [48, 49]. How-
ever, some general comments about cost determinants can
be made. In our study, the separately quarterly calculated
informal care cost was €10,964, and extrapolated to 1 year,
the cost was €43,856. The mean caring time per week was 68
hours. In Findley et al. [50], patients in the late stage of PD
were investigated according the time spent in the “off” state.
In their case, informal care time was 34 hours per week and
also more dominant than professional care. In this context,
it should be mentioned that the HY III patients included by
Findley et al. represent approximately 54% of the patients.
Campenhausen et al. [7] also identified informal care as
the most common form of home care for patients with PD
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in Europe, from 10 to 56 hours per week. These observa-
tions also appeared in our data, according to which 83% of
patients receive informal care but only 28% receive profes-
sional care. This result is higher than data published by the
German federal statistical office, where approximately 70%
of persons in need of care are treated by informal CGs with
29% cared for by professional nurses [51]. The reasons for
the high number of informal care as well as the difference
can only be speculated, partly because of the desire of the
patients and their CGs to have their family members at home
and in well-known surroundings and owing to the financial
incentive of the German nursing care insurance.

Total costs were found to increase with progressing dis-
ease stage with a significant correlation between increasing
HY stage and increasing costs in Germany [18, 43]. At the
same time, in our multiple regression analyses, similar to
a study by Tamas et al. in Hungary [8], the duration of the
disease showed a significant positive influence on total and
direct costs. This raises the question why the HY stages were
not a significant cost driver in our data, but the duration of
the disease was a significant cost driver. First, it is notice-
able that our HY III patients were represented in small num-
bers (14/228) and caused slightly higher total costs than the
patients from stages IV and V. These HY III patients were
included in the first place because they had higher scores on
the Schwab and England Scale. Accordingly, the costs of the
patients in HY III were more similar to those of HY IV and
V than in the above-mentioned studies, as they were affected
by both a small group size and the study’s inclusion criteria.
The included HY III patients were therefore not representa-
tive. A comparison of the HY stages and the duration of the
disease also revealed that on average our patients in HY IV
had a longer disease duration with a mean of 13.8 years than
our patients in HY V with 11.0 years. The patients in HY III
had a mean disease duration of 8.9 years. For comparison, a
study of disability and progression of PD with 419 patients
showed an average progression towards HY III after a dis-
ease duration of 5.5 years, towards HY IV after 7.5 years,
and towards HY V after 9.7 years [52]. At the same time,
approximately 60% of the patients had progressed towards
HY V after 10 years [52]. In our data, only approximately
24% of patients with a disease duration of 10 years or longer
were in HY V. However, approximately 72% were in HY IV
and 5% in HY III. We therefore hypothesize that the duration
of the disease was more sensitive in relation to our patient
cohort. However, this effect may not necessarily apply to all
patients in the late stage of the disease, especially because
it seems atypical that our HY IV patients had a longer aver-
age duration of disease than HY V patients. Second, our
tests only refer to patients with late-stage parkinsonism. It
is therefore more likely that there is a significant correlation
between an increase in costs and an increase in HY stages
provided the analyses includes all stages of the disease.

The finding that indirect costs were negatively driven by
the age of the patients is in line with the notion of modelling
indirect costs using the human capital approach. The rela-
tively small productivity losses result from the high average
age of patients in combination with this approach.

When informal care costs were included in the regression,
patients who were less able to manage activities of daily liv-
ing also showed significantly higher costs. This increasing
inability was thus mainly compensated by informal CGs.

In summary, costs in Germany were largely caused by
hospitalization and informal care. The challenge is therefore
to what extent healthcare for these patients can be optimized
in terms of (1) reducing hospital stays and (2) relieving the
burden on relatives and increasing the level of support. A
care network in which physicians, a PD nurse specialist
(PDNS), therapists, and CGs specialized in the treatment
of PD provide an integrated service could enable improved
healthcare and may reduce healthcare expenditures [53]. In
addition, newer approaches to achieve patient contact, espe-
cially in remote areas, using telemedicine may also be con-
sidered and integrated to allow a better care with a lowered
resource use [54, 55].

A framework concept for the structured/integrated care of
patients with PD in Germany was already proposed in 2007
[56], but newer approaches are available [57]. In this con-
text, the PDNS in particular may play a key role. Although
in Germany, the organization of such a specialist has not
yet become established all over the country, in the UK and
the Netherlands, they have been working since 1989 and
1997, respectively. The PDNS could help to (1) assess the
needs of patients and relatives, (2) develop a patient-cen-
tered plan, (3) coordinate and monitor the developed plan,
(4) coordinate the collaboration with other professionals,
and (5) represent the needs of patients and relatives within
the process [58]. Although this proposition may sound intui-
tive, a positive effect of a PDNS has not been evaluated in
Germany compared to conventional alternatives and cannot
be sufficiently supported by results from previous studies
[59, 60]. There are also no study results on cost effectiveness
available until now. Evaluating the reasons for the hospi-
talization of our patient group, we believe that 57% of the
cases could be treated with the help of such an integrated
network instead of an inpatient hospital stay. This is espe-
cially achievable for patients needing a drug modification,
which is responsible for 28% of the hospital stays. Against
the background of demographic change and a simultane-
ously increasing life expectancy of the German population,
the challenges in dealing with late-stage PD will become
even greater [61]. The results from our study should be used
as an opportunity to reconsider the support provided to these
patients and their CG.

A\ Adis



612

C. Kruse et al.

4.1 Study Limitations

Because of the relatively large number of tested factors and
covariates within the multiple regression analysis in relation
to the sample size, an inefficiency of the estimates cannot
be excluded. A further limitation may be the different num-
ber of patients in the participating centers. Location-related
seasonal characteristics of the data are not evenly included
in the study. Many of the patients or their CG have indicated
a particularly high level of informal care. In 61 cases, the
informal care time was adjusted in this study. It cannot be
assumed with certainty that the informal caring time was
correctly represented. Accordingly, the results may be biased
regarding informal care. However, we have tried to mini-
mize the distortion by examining informal care separately.
It should also be considered that only severely ill patients
with PD were included in our study. Accordingly, the iden-
tification of cost-driving factors cannot be extrapolated to
the entire group of patients with PD.

5 Conclusions

This study observed that the progression of the disease leads
to a considerable increase in societal costs. This is under-
lined by identifying the duration of the disease as a main
cost driver. Losses in productivity only play a minor role, as
many of the patients have already reached retirement age.
This is indicated by the negative correlation between costs
with increasing age. The increased costs are mainly caused
by an increase in hospitalization and in the need for care.
This confirmed the initially expected effects of late-stage
parkinsonism in terms of higher costs with higher hos-
pitalization and need for care. Within the 3-month study
period, approximately every second patient was treated as
an inpatient in hospital. Notably, only 26% of our patients
received professional care. The great burden therefore lies
with informal CG, and consideration should therefore be
given to how this burden on informal CG can be relieved. In
particular, an integrated care network could help to provide
a better healthcare environment for these patients and their
relatives. Our findings imply that it is important to take a
societal viewpoint and include factors associated with the
informal care of patients with PD when taking decisions for
further resource allocation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40273-021-01011-y.
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