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Abstract

Background Parkinson’s disease (PD) is the second most common neurodegenerative disorder, with an increasing prevalence
worldwide. Estimates of the economic burden associated with PD vary widely across existing studies due to differences in
setting and study design. The prevalence and cost of care for PD in Luxembourg are currently unknown.

Objective The aims of this study were to estimate (1) the prevalence of PD in Luxembourg and (2) the cost of care for PD
to the national healthcare insurance based on routinely collected healthcare data.

Methods This analysis was based on individual patient-level data collected by the national healthcare insurance in Luxem-
bourg during 2007-2017, which covers over 95% of the resident population. People with PD were identified based on drug
reimbursement profiles. Cost of care was estimated according to a comparative analysis of the healthcare resources consumed
by people with PD compared with an age- and sex-matched control group.

Results We determined a PD prevalence of 928 per 100,000 individuals aged 50 years and older in 2016, higher in men (1032
per 100,000) than in women (831 per 100,000). The total mean cost of care for PD was estimated at €22,673 per patient per
year in 2016, with the highest costs being associated with long-term care (69%).

Conclusion This was the first attempt to estimate the prevalence and cost of care of PD in Luxembourg. The work demon-
strated the usefulness of routinely collected data in Luxembourg for such analyses. Our study confirms the significant burden
of PD to the healthcare system, especially on long-term care.

Key Points for Decision Makers 1 Introduction

The prevalence of Parkinson’s disease (PD) in Luxem- Parkinson’s disease (PD) is the second most common neu-
bourg was estimated at 1032 per 100,000 men and 831 rodegenerative disorder, affecting around 0.3% of the entire
per 100,000 women aged 50 years and older. population in Western countries. Prevalence increases with

age, reaching 1% of the population aged 60 years and older
[1], but factors beyond age need to be considered as the
cause for the expected doubling of prevalence within the
next 20 years [2]. PD is a progressive syndrome character-
ised by a combination of motor and non-motor symptoms of
variable degree. Key motor symptoms include bradykinesia,
rigidity and rest tremor [3]. Other common motor symptoms
include flexed posture, freezing of gait, dystonia and falls;
however, the clinical manifestation and progression rate of
PD remains highly variable. Additionally, PD patients are
affected by a number of non-motor symptoms ranging from
sleep disturbance, dysphagia, constipation, apathy, depres-

PD poses a significant burden to the healthcare system
in Luxembourg, with the highest costs being associated
with long-term care.

D4 Susanne Schmitz sion and autonomic dysfunction with large impact on dis-
SusanneSchmitz779 @gmail.com ease-related complications and quality of life. The impact
Extended author information available on the last page of the article of the disease depends highly on disease severity [4]. The
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causes and risk factors for PD are not yet fully understood.
Current research focuses mainly on stratification strategies
and disease subtypes discovery, improving early diagnosis
through identification of diagnostic biomarkers, and transla-
tional research with the goal of implementing personalised
medicine [5].

Apart from the disease impact on patients and families,
PD presents a significant economic burden to the health
care system, society, and patients. The burden increases as
the disease progresses and the effect is further intensified
with an aging population. Several studies have investigated
the economic burden of PD with diverse results [6-14]. A
systematic review providing a comprehensive overview of
cost studies highlights the heterogeneity in estimates and
methods to derive costs associated with PD [15], with cost
estimates per patient varying from under 1000 US$/year in
developing countries [16, 17] to over 100,000 US$/year in
a privately insured population in the US [18].

Most cost-of-illness studies take one of two approaches:
some authors directly estimate the economic burden of PD
based on resource use questionnaires on a sample of patients
with PD, while other studies have used large administra-
tive databases to estimate the burden of PD. The latter stud-
ies are usually based on much larger samples and costs are
estimated by comparing the resources used by a sample of
patients with PD and a matched control group [19].

Since 2015, the national funding agency in Luxembourg
(Fond National de la recherché [FNR]) has supported the
National Centre for Excellence in Research in PD (NCER-
PD; http://www.parkinson.lu). The joint effort from several
national research institutions together with international
partners focuses on improving (earlier) diagnosis, treatment
and stratification of PD by combining detailed clinical and
molecular patient data to develop novel biomarkers for strati-
fication of patients. A national cohort of individuals with PD
and other forms of parkinsonism and a healthy control group
form a key aspect of the centre [5]. There is no estimate of
the prevalence or cost of care for PD in Luxembourg to date.
Therefore, within the framework of the NCER-PD research
programme, this study aims to estimate (1) the prevalence
of PD in Luxembourg, and (2) the associated cost of care to
the national healthcare payer.

Establishing estimates of prevalence and baseline costs
of illness in the country are important steps towards assess-
ing the impact of future changes to care. Luxembourg has a
comprehensive national health insurance (Caisse Nationale
de Santé [CNS]) covering over 95% of the resident popula-
tion and also recording information on the long-term care
insurance (I’Assurance Dépendance). We used routinely col-
lected data by the CNS to estimate the cost of care associated
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with PD to the national healthcare payer. This is the first
study analysing CNS data for the purpose of estimating the
prevalence and economic burden of PD.

2 Methods
2.1 Data Source

This analysis was based on data routinely collected by the
CNS. The CNS covers over 95% of the resident popula-
tion in Luxembourg and collects information on inpatient,
outpatient, general practitioner and specialist care, as well
as dispensed medication and home and nursing home care.
For healthcare visits, the database records details on the
healthcare provider, the date and the associated costs of the
visit. Details on medication include date of prescription,
prescriber information, date of dispensed medication, pack-
age size and dose per unit as well as cost details. Outpatient
visits and prescriptions do not include diagnoses. Diagnoses
are recorded for hospital stays, however there are a lot of
missing data in this regard.

We had access to individual patient-level data collected
during the years 2007 to 2017. Insured individuals have up
to 2 years to claim reimbursements, resulting in a 2-year
time lag for a year to provide complete data. At the time
of data extraction (September 2019), the most recent year
providing complete data was 2017.

2.2 Data Analysis
2.2.1 Prevalence

Since the CNS database does not record information on
diagnosis, we identified subjects with PD indirectly based
on their individual drug reimbursement profiles. Regression
algorithms for this purpose have been developed elsewhere
[20]. However, differences in population and care habits
across countries impair the direct translation of such models
across countries, where no information on diagnosis is avail-
able to adapt to national needs. Therefore, we developed a
national algorithm based on the definition of drug treatment
profiles indicating diseases other than PD among patients
prescribed anti-parkinsonian drugs, as has been done else-
where [21].

We defined the at-risk population in any year as individu-
als in the CNS database, aged 50 years or older, alive and a
resident of Luxembourg with active CNS cover on 1 Janu-
ary. Furthermore, individuals with insufficient data to detect
drug-induced parkinsonism (DIP) were excluded from the
analysis. Sufficient data were defined as a minimum of 300
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days as a resident with CNS cover during the 12 months
prior to the index date.

We restricted our analysis to individuals aged 50 years
and older in order to reduce the risk of including false posi-
tive subjects in a younger population, where the prevalence
of PD is generally low [22]. Luxembourg has a large pro-
portion of cross-border workers, i.e. individuals employed
in Luxembourg, but resident in neighbouring countries,
mostly Belgium, France and Germany. Cross-border work-
ers are also covered under the national healthcare system.
However, we restricted our analysis to individuals resident
in Luxembourg for two reasons: (1) for the estimation of
national prevalence, only the resident population is relevant;
and (2) cross-border workers have access to healthcare in
Luxembourg, however may also avail of healthcare in their
country of residence. Detailed information on healthcare use
is only available for care provided in Luxembourg, result-
ing in unreliable resource use information for cross-border
workers within the database.

Figure 1 provides a flowchart representing the algorithm
applied to identify individuals with PD among the at-risk
population.

We considered all drugs with an Anatomical Therapeu-
tic Chemical (ATC) code starting with NO4B (all drugs
classified as dopaminergic agents) to identify subjects
potentially suffering from PD. Based on the discussion
of a panel of national neurologists, individuals prescribed
anticholinergic agents only, with no co-prescription of
a dopaminergic agent, were not considered for the PD
group, as this treatment pattern points towards individu-
als with tremor rather than PD disease. A starting cohort
of candidates was identified within the CNS database as
those subjects who have received at least one delivery of
an N04B medication during the years 2008-2016 while
aged 50+ years on 1 January in the year of delivery. We
called the date of an individual’s first delivery of an NO4B
drug the ‘index date’. In a stepwise fashion, we excluded
subjects with a profile indicating a disease other than PD
explaining the use of NO4B medication. These steps aimed
at excluding individuals with DIP, restless leg syndrome
(RLS) or hyperprolactinaecmia (HYP) [see the Info box in
Fig. 1].

We deemed individuals to suffer from DIP rather than
PD if they had received medication known to induce par-
kinsonian symptoms during the 12 months prior to their
index date. These included neuroleptics (except quetiapine
and clozapine, which are agreed among movement disorder
specialists for the treatment of hallucinations in patients with
PD), metoclopramide, cinnarzine and flunarizine.

Furthermore, we deemed individuals to suffer from RLS
rather than PD if they had received low doses of ropinirole,
pramipexole, rotigotine or levodopa and no other NO4B
medication during the 12 months following the index date.

We estimated an average daily dose based on the number of
deliveries, the dose per delivery and assuming a coverage
of 3 months per delivery, as was deemed most probable dur-
ing discussions with a national expert panel. An estimated
daily dose of <4 mg/day for ropinirole, < 0.5 mg/day for
pramipexole, <3 mg/day for rotigotine and <200 mg/day
for levodopa were used as cut-offs to point towards RLS
rather than PD.

Finally, we deemed individuals treated exclusively with
bromocriptine or lisuride to suffer from HYP rather than PD.

We excluded individuals not receiving a second delivery
of NO4B medication during the 12 months following the
index date, to avoid including individuals due to administra-
tive or diagnostic errors.

Subjects identified as individuals suspected of having PD
were included in the prevalence estimation; we estimated
the annual prevalence from 2008 to 2016. Data from 2007
were used to evaluate DIP in subjects identified in 2008,
while data from 2017 were used to evaluate RLS and HYP
for individuals identified in 2016.

Individuals were considered prevalent in each year
including and following the index date if (1) they were resi-
dent in Luxembourg with active CNS cover on 1 January,
and (2) alive on 1 January of that year. Annual prevalence is
defined as the ratio of the number of individuals suspected
of having PD and the number of individuals at risk.

2.2.2 Cost Analysis

We estimated the cost of care for PD to the national health-
care payer as the difference in the cost of resource con-
sumption among individuals with PD and an age- and sex-
matched control group.

We selected a control group twice the size of the preva-
lent population using an exact matching approach, separately
for each year. Age- and sex-matched controls were selected
at random from the at-risk population, excluding candidate
individuals, i.e. individuals who had been prescribed a dopa-
minergic agent between 2008 and 2016.

All costs were inflated to 2020 prices. We inflated costs
using the national consumer price index for health pub-
lished by the Institut National de la Statistique et des Etudes
Economiques du Grand-Duché (https://statistiques.public.lu/
en/index.html), and applied the methodology recommended
by the Health Information and Quality Authority in Ireland
(https://www.hiqa.ie/sites/default/files/2020-09/HTA-Econo
mic-Guidelines-2020.pdf).

We calculated the cost per patient for the years
2008-2016, and present total costs as well as costs divided
into eight categories.

(1) Long-term care: Costs related to resources associ-
ated with long-term care provision and palliative care
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At risk population
- Aged 50+
- Resident of Luxembourg
- Active CNS cover

CANDIDATES
Individuals with at least one delivery of
an NO4B medication during 2008-2016

N =9,158

Exclusion of individuals likely to suffer
from Drug induced parkinsonism

Exclusion of individuals with
insufficient data to detect drug

induced parkinsonism. ’TlOA

N =1,989

Exclusion of individuals likely to
suffer from Restless leg syndrome
irome |

N = 3,826

Exclusion of individuals likely to

| DrugInduced Parkinsonism (DIP)

_ Individuals prescribed any of the following drugs
during 12 months prior to index date: neuroleptics
(except for quetiapine and clozapine),

suffer from hyperprolactinaemia
emia |

Exclusion of individuals with
N=1 No second delivery of an NO4B
medication during 2008-2016.

‘ Individuals suspected ‘

to have PD N = 2,694

Fig.1 Algorithm flow for identifying individuals with Parkinson’s
disease within the CNS database. PD Parkinson’s disease, DIP drug-
induced parkinsonism, RLS restless leg syndrome, HYP hyperprol-

(including institutionalised care and day care as well
as care at home and technical aids and changes to the
home, depending on the level of care required by the
patient).

(2) Hospital: Costs related to resources associated with
hospital stays, including all resources except for clini-
cian costs.

(3) Medication and medical devices: Medication costs and
costs related to medical devices (only including pre-
scribed items).

(4) Clinicians: Covering the costs of inpatient and outpa-
tient services provided by clinicians.

(5) Specialist services: Cost of outpatient services pro-
vided by specialists, including opticians, orthopaedists,
speech therapists, dieticians, masseurs and physiothera-
pists, psychometricians, podiatrists and midwifes.

(6) Nurses: Costs related to the outpatient services pro-
vided by nurses.

(7) Laboratory tests: Costs of medical analyses and clinical
biology tests conducted in laboratories (outside of the
hospital).

(8) Other: Cost of rehabilitation stays and other various
items.

The cost of individual items within each category
are published in the nomenclatures on the CNS website
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metoclopramide, cinnarzine and flunarizine.

Restless Leg Syndrome (RLS)

Low doses* of ropinirole, pramipexole, rotigotine or
levodopa and no other NO4B medication during 12
months following the index date.

N = 544

Hyperprolactinaemia (HYP)

Exclusive treatment with bromocriptine or lisuride.

actinaemia. *Thresholds: ropinirole, 4 mg/day; pramipexole, 0.5 mg/
day; rotigotine, 3 mg/day; levodopa, 200 mg/day

(https://cns.public.lu/en/legislations.html?r=f%2Faem_
legislation_type%2Ftags_type_legislation%3Anomencla
ture).

Despite the typical skewness of cost data, the mean
provides the most informative measure for policy deci-
sion making as it allows for budget calculations; on the
other hand, the median cost can be used to describe the
typical cost of an individual [23]. We followed the recom-
mendation by Thomson and Barber and summarised cost
data as means, and differences between groups as mean
differences, as well as confidence intervals and p-values
obtained from a standard #-test [23]. While this approach
is not without limitations, considerable differences are
unlikely due to the large sample size. Nevertheless, we
present median values in addition to mean values to show
the cost of a typical patient. Since we tested for differ-
ences between groups in eight categories as well as over-
all, we adjusted for multiple testing using a Bonferroni
adjustment of the p-value: 0.05/9 = 0.005.

The cost of care for PD highly depends on the severity
of the disease, increasing with the level of dependency. In
the absence of information on disease severity, we used
years since the first prescription of an anti-PD drug as a
surrogate measure. We evaluated the annual mean total
cost for patients prevalent in 2016, grouped by years since
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the first prescription of an anti-PD drug (04, 5-9, 10-14
and 15+ years).

3 Results
3.1 Prevalence

Within the database, we identified 9158 individuals who
received a dopaminergic agent and who were aged 50 years
or older while residing in Luxembourg, with CNS cover dur-
ing the years 2008-2016. In order to appropriately assess
DIP, we excluded 104 individuals with insufficient data dur-
ing the 12 months prior to their index date. From the remain-
ing individuals, we excluded 1989 individuals suspected of
having DIP, due to the delivery of a drug known to induce
parkinsonism during the 12 months prior to their index
date. We further excluded 3826 individuals receiving low
doses of drugs used for RLS and no additional dopaminergic
agents. One individual was excluded due to HYP. Finally, we
excluded 544 individuals who did not receive a second deliv-
ery of any dopaminergic agent within 12 months of their first
delivery. Based on this algorithm, we thereby identified a
total of 2694 individuals with PD, for the years 2008-2016.
A flowchart of the exclusion process is presented in Fig. 1.

The number of prevalent individuals increased from 1248
in 2008 to 1632 in 2016. The mean age of the prevalent
population remained steady between 76 and 77 years, and
the proportion of males ranged between 49% and 54% over
the years (see Table 1).

The number of individuals at risk (i.e., resident indi-
viduals with active CNS cover, alive and aged 50+ years
on 1 January) increased from 140,630 individuals in 2008
to 175,898 individuals in 2016, an increase in line with
population growth as reported by the National Institute for
Statistics (Institut National de la Statistique et des Etudes
Economiques du Grand-Duché de Luxembourg, https://
statistiques.public.lu). There were more females in the

population at-risk, representing between 52% and 53% every
year (see Fig. 2).

Taking into account the population at risk of PD, we esti-
mated an annual prevalence of 887-981 per 100,000 indi-
viduals aged 50 years and older in Luxembourg. Prevalence
was higher for males than for females, ranging from 937 to
1054 per 100,000 for males and from 831 to 916 per 100,000
for females (see Fig. 2 for the annual prevalence).

3.2 Cost

We received details on 12,866,632 resource items con-
sumed by individuals in the PD or control groups for
the years 2008 to 2016. Individuals in the PD groups
accounted for 50% of the claims, despite the fact that con-
trol individuals cover twice as many person years.

The mean annual cost per patient to the CNS in the
control group varied from €14,683 to €16,018, while
median annual costs were much lower, varying from
€3430 to €4161. The mean annual cost per patient in the
PD group varied from €35,858 to €40,842, with a median
from €17,635 to €21,932. We observed no trend over time.
This resulted in a mean difference between groups varying
from €20,331 (2011) to €25,076 (2010), representing the
additional annual cost per patient to the healthcare payer
in the PD group. T-tests indicate a significant difference
between groups in all years. Details are shown in Table 2.

We observed an increased mean cost in the PD group
for all eight categories across all years. A statistically sig-
nificant difference between groups based on the adjusted
p-value was observed almost throughout, with the only
exception being a difference in category 8 (‘Other’) in
2008. Details can be found in the electronic supplementary
material.

Looking at the total cost of PD in 2016, more than two-
thirds were accounted for by long-term care costs (69%).
Hospital expenses accounted for 13% of the additional
costs, while all other categories accounted for 5% or less

Table 1 Cohort description of

individuals with Parkinson’s Year b ca

disease and the control group N Male (%) Mean age, years N Male (%) Mean age, years
2008 1248 49 76.6 2496 49 76.6
2009 1369 50 76.7 2738 50 76.7
2010 1431 51 76.8 2862 51 76.8
2011 1492 51 76.8 2984 51 76.8
2012 1503 51 76.6 3006 51 76.6
2013 1564 52 76.5 3128 52 76.5
2014 1596 52 76.4 3192 52 76.4
2015 1620 53 76.6 3240 53 76.6
2016 1632 54 76.7 3264 54 76.7

PD Parkinson’s disease, CG control group, N number of individuals
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QAA . @i 848

Total
Male
Female
2008 2009 2010 2011 2012 2013 2014 2015 2016
Total 140 630 144 756 148 210 152 044 156 484 161 211 166 202 171 206 175 898
Male 65 845 68 108 69 989 72 001 74 304 76 837 79 545 82293 84 894
Female 74 785 76 648 78 221 80 043 82 180 84 374 86 657 88 913 91 004

Individualsat risk

Fig.2 Annual prevalence of Parkinson’s Disease per 100,000 individuals aged 50+ years, overall and by sex. Individuals at risk: individuals
aged 50 years and older, who are alive, resident, and with CNS cover on 1 January in each year.

Table 2 Total annual cost

; . Year PD CG Difference

per patient to the CNS in

individuals with Parkinson’s Mean  SD Median Mean  SD Median A Mean 95% CI p-Value

disease and in the control group
2008 36,085 39,290 18,053 15,503 26,436 4161 20,582  18,167-22,998 <2.2e—16
2009 39,469 42291 21,519 16,018 27,185 3975 23,450  20,988-25913 <2.2e—-16
2010 40,842 43,480 21,932 15,766 27,241 3879 25,076  22,610-27,542 <2.2e-16
2011 35,858 38,895 18,445 15,527 26,922 3754 20,331 18,132-22,530 <2.2e—16
2012 36,593 41,545 18,282 15,038 26,237 3430 21,555  19,251-23,858 <2.2e—16
2013 37,022 42,288 18,232 14,683 26,294 3630 22,339 20,046-24,631 <2.2e—16
2014 37,966 43,462 17918 15,115 26,351 3610 22,851  20,529-25,173 <2.2e—16
2015 37,752 42,804 17,635 15,683 27,721 3709 22,069  19,774-24,364 <2.2e-16
2016 38,726 43,510 17,850 15,862 27,670 3666 22,863  20,546-25,181 <2.2e—16

Mean difference between groups including 95% confidence interval and p-value (z-test). Costs are inflated
to represent costs of 2020 and are displayed in EUR.

PD Parkinson’s disease, CG control group, SD standard deviation, CI confidence interval

of the additional costs (see Fig. 3a). The proportion of
costs in the different categories remained stable over the
years (data not shown).

We analysed costs accrued by individuals prevalent in
2016 by years since the first prescription of an anti-PD
drug. Figure 3b shows the total cost in each group. We

prescription. This tendency appeared stronger when con-
sidering median costs, increasing from €12.2K to €40.3K.

4 Discussion

observed an increase in total mean costs with an increas-
ing number of years since the first prescription. Indeed,
the mean cost per individual rose from €33.7K in indi-
viduals with 0—4 years since the first prescription to
€53.2K in individuals with 15 years or more since the first
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Based on the available data from the CNS database, our
study estimated the prevalence of PD in Luxembourg as well
as the cost of care to the national healthcare payer for the
years 2008-2016. Our study estimates a prevalence of, on
average, 949 per 100,000 residents aged 50 years and older,
i.e. 0.95%. This rate remained relatively stable over the
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evaluated years. In line with previous studies, we observed
a higher prevalence in males (1029 per 100,000 in males vs.
877 per 100,000 in females). We estimated an additional
mean cost of €22,346 per person per year for the care of
patients with PD, with the majority of expenses spent on
long-term care.

To our knowledge, this is the first study to use the
database for this purpose and the first attempt to estimate
national prevalence and cost of care for PD in Luxembourg.

The prevalence estimates in our study lie within the
reported rates from the literature. A systematic review
by Pringsheim et al. [24] found prevalence estimates in
Europe, North America and Australia varied with age,
increasing from 113 per 100,000 in 50- to 59-year-olds to
2953 per 100,000 in individuals aged 80+ years. Consid-
ering the age distribution in Luxembourg, this equates to
around 840 cases per 100,000 individuals aged 50+ years.
They also found a higher prevalence in males compared
with females. The authors explained these findings by the
fact that PD onset is slightly later in women and more
commonly presents with a slower progression in females
compared with males. Another systematic review by von
Campenhausen et al. [25] summarised evidence on the
prevalence of PD in Europe. The authors found highly var-
iable results, with high-quality studies in older age groups
(> 60 years) presenting rates of 1280—1500 per 100,000. A
recent study by Marras et al. [26] estimated a prevalence

of 572 per 100,000 inhabitants in the US in a population
aged 45 years and older.

Long-term care is the largest cost category in our analy-
sis, which, depending on the level of disability, covers
costly items such as daycare, home improvements and
technical aids, as well as institutionalised or home care.
Luxembourg has comprehensive long-term care coverage
and it is not surprising to find a large expense for patients
with PD, whose reliance on daily care increases as the
disease becomes more severe.

Luxembourg has the highest per capita spending in
health care in the European Union [34]. This aligns with
our results, which are in line but are on the higher side
compared with other studies. Several studies have esti-
mated the cost of care for PD in Europe. Two of these
studies, conducted in Sweden and Denmark, estimated
a cost of care for PD of €9.3K and €7.7K, respectively,
in 2011-2012; however, these studies did not include the
cost of long-term care [27, 28]. Similar estimates to our
work were obtained in cohort studies estimating direct and
indirect costs conducted in Italy (€17.3K) and Germany
(€18K-€35K, depending on severity) in 2010 [29-31].
Lower costs were estimated in the UK (€15K including
informal care in 2007) and Spain (€13.7K) [32, 33] (which
did not include the cost of long-term care as covered by
the d’assurance dependance in Luxembourg). However,
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Fig. 3 Distribution of costs based on 2016 data by (a) categories (proportion) and (b) number of years since the first prescription (mean annual

cost per patient)
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another UK study published in 2018 estimated the costs
of PD to be higher (£29k [€35k]) [41].

While previous publications forecast a significant
increase in the burden of PD with time [2], our study did
not confirm this.

The cost estimates are subject to a large standard devia-
tion, among PD patients as well as in the control group.
This was expected as individual patient needs are highly
variable, partly due to their PD severity, but also due to their
individual health profiles, which may include any number of
diseases or chronic conditions. Nevertheless, we found sig-
nificant differences in spending between the groups across
all categories. Our analysis showed a much larger mean cost
compared with median cost, in both groups, which is typi-
cal for cost data. The median cost represents the resources
needed for a typical patient, while the mean cost is skewed
by a number of individuals requiring a large amount of
resources.

5 Limitations

In the absence of diagnosis information within the database,
patients were identified based on individual treatment pro-
files. The classification algorithm was developed based on
previous studies and the input of national and international
experts in PD care, epidemiology and statistics; however,
we were unable to check its accuracy and misclassification
of subjects remained possible. Furthermore, the approach
only detected cases who received treatment. Very mild or
early cases not requiring any treatment, or those refusing
treatment, could not be detected, leading to a possible under-
estimation of total cases. On the other hand, our algorithm
is unlikely to distinguish between PD and other types of
neurodegenerative parkinsonism, which may have led to an
overestimation in cases. However, given the low prevalence
of atypical parkinsonism compared with PD, this is unlikely
to have a large impact on the cost analysis [35-37].

The at-risk population within the CNS database covers
over 95% of the resident population aged 50 years and older.
Individuals not included in the study are most likely indi-
viduals working for EU institutions or cross-border workers
resident in Luxembourg but working abroad. We restricted
our analysis to individuals aged 50 years and older—younger
individuals are not captured. For these reasons, the real total
number of prevalent cases in Luxembourg may be slightly
higher. Nevertheless, we consider the large coverage in the
database to provide a representative sample of the total PD
population in terms of age, sex and severity of disease.

This comparative cost comparison assumes a similarity
of both groups, except for their PD status. Both groups may
suffer from a variety of additional comorbidities. In essence,
we estimate the cost of people living with PD and other
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comorbidities, compared with people without PD but with
other comorbidities. Comorbidities have been shown to be
highly prevalent not only in individuals with PD [38] but
also in the general population aged 65 years and older [39].

The total costs to the payer were somewhat under-
estimated by the fact that we restricted our analysis to
residents. This was necessary to determine appropri-
ate costs per patient, since details on costs accrued by
non-residents are likely to be incomplete. Patients living
abroad can make use of the local healthcare system with
a contract in place for Luxembourg to cover the incurred
costs. Individuals included in either the control group or
the PD group in a given year had to be resident and alive
with valid insurance cover on 1 January. Our analysis did
not adjust for status changes during the year, which may
lead to an underestimation of annual costs for individuals
changing their residence or insurance cover status or those
who die during the year; however, this only applies to a
small number of individuals in both groups.

The costs of the most relevant categories in this study, i.e.
long-term care and hospital care, are fully covered with no
cost to the patient, while there is a co-payment for outpatient
visits and medication of up to 20% (up to 40% for some
medications, but not including any anti-PD medication),
which is not captured in this study. Our study only takes
into account direct costs; indirect costs and the cost of over-
the-counter medications are not considered. Nevertheless,
the indirect costs of PD care are likely significant, especially
as the disease advances. The indirect impact on costs and
quality of life on patients and their caregivers was recently
evaluated elsewhere [40]. An additional study exploring the
indirect burden of PD in Luxembourg, including informal
care, would be of interest but is not within the scope of this
analysis.

Furthermore, the per-patient cost of PD is highly depend-
ent on the severity of disease and we had no information on
severity. In order to explain some of the variation, we per-
formed a subgroup analysis, grouping individuals depend-
ing on the time since their first prescription of anti-PD
medication. The analysis confirmed the increased cost with
increasing time since the first prescription; however, a more
detailed analysis based on accurate staging, including both
motor and non-motor symptoms, is needed to provide more
accurate insights.

6 Conclusion

To our knowledge, this is the first successful attempt to
estimate the prevalence of PD and the associated cost of
care in Luxembourg. We estimated the prevalence of PD in
Luxembourg to be between 887 and 981 per 100,000 indi-
viduals aged 50+ years, and was higher for males compared
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with females. This is in line with other estimates in devel-
oped countries. In 2016, PD patients accrued, on average,
€22,863 more compared with those without PD; the cost
of care increased with increasing time since the first pre-
scription of an anti-PD drug. Expenditure on long-term care
accounted for more than two-thirds of these expenses. Our
results confirm the high economic burden of PD, especially
as individuals become more reliant on daily care as the dis-
ease progresses.

We are convinced that this baseline analysis of costs is
useful to direct and assess the impact of future changes in
the care of PD in Luxembourg.

Our study has shown that data routinely collected by the
CNS in Luxembourg can be used as a basis to conduct com-
parative cost-of-illness studies such as the one at hand. In the
future, the database could be used to estimate the cost of care
for other diseases, allowing for the comparison of PD costs
with other non-neurological or neurological, equivalently
debilitating medical illnesses.
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