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Abstract

Background

Parkinson’s disease (PD) is characterized by its impact on quality of life, constituting a sub-

stantial economic burden on society. Education programs implicating patients more in the

management of their illness and complementing medical treatment may be a beneficial

adjunct in PD. This study assessed the impact of an education program on quality of life

and its cost-effectiveness in PD patients.

Methods

This single-center, prospective, randomized study assessed an education program consist-

ing of individual and group sessions over a 12-month period. A total of 120 PD patients

were assigned to either the Treated by Behavioral Intervention group (TTBI) or the no TTBI

group. The primary outcome criterion was quality of life assessed using PDQ39. The Uni-

fied Parkinson’s Disease Rating Scale (UPDRS) and psychological status were collected.

An economic evaluation was performed, including calculations of incremental cost-effec-

tiveness ratios (ICERs).

Results

After 12 months of follow-up, changes recorded in the PDQ39 between the groups were not

significantly different but better changes were observed in each dimension in the TTBI

group compared to the no TTBI group. UPDRS I, II and total score were significantly

improved in TTBI group compared to the no TTBI group. Mean annual costs did not differ

significantly between the two groups.
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Conclusion

This study suggested that the education program positively impacts the perceived health of

PD patients without increasing medical costs.

Introduction

The prevalence of Parkinson’s disease (PD) in Europe is approximately 160/100,000 among
individuals aged 65 years and over, and the number of cases is expected to increase consider-
ably in the coming years [1]. This complex disorder is characterized by motor signs, but also by
an impressive diversity of non-motor symptoms, including fatigue, sleep disorder, pain,
depression, anxiety and so on, often occurring simultaneously in the same patient. Several
studies using quality of life (QOL) instruments have shown that PD affects health-related QOL
and that patients have higher levels of distress than healthy elderly people [2–3]. Nearly half of
PD patients use at least one alternative therapy [4]. Education programs allowing patients to
acquire knowledge and skills relating to their disease and to become more implicated in its
management, as a complement to medical treatment, may be a beneficial adjunct in PD.

Education programs have been implemented in several countries in Europe and in the
United States and have provided evidence supporting PD patient education [5–11]. However,
there have been only a few studies addressing the effectiveness of PD patient education based
on a strong methodology [7–8; 10; 12–13]. These studies reported improvements in QOL, psy-
chological well-being and compliance with drug treatment.

PD represents a substantial economic burden on society because patients are less able to
work, and require care and costly treatment [14]. Several economic studies have calculated the
annual direct costs of PD [15], but none has yet assessed the cost-effectiveness ratio associated
with an education program for PD patients.

The goal of this randomized prospective controlled pilot study was to assess the impact of
an education program on QOL, and motor and psychological functions and to assess the cost-
effectiveness of a therapeutic education program, compared to traditional care in PD patients.

Methods

Patients

This pragmatic study was based on a sample of PD patients selected from the movement disor-
ders outpatient clinic of the Neurological University Hospital of Toulouse (France). Consecu-
tive patients with idiopathic PD according to the United Kingdom Parkinson’s Disease Society
Brain Bank Clinical Diagnosis Criteria were invited to participate in the study. For inclusion,
PD patients had to fulfill the following criteria: (1) treated with antiparkinsonian drugs and/or
by deep brain stimulation of the subthalamic nucleus (if surgery had occurred at least six
months previously), (2) had a Hoehn and Yahr scale score of�4, (3) had a Mini-Mental State
Examination score> 25/30, (4) was able to complete a self-report questionnaire. For each
patient, chronic conditions were assessed and classified into broad disease categories, such as
cardiovascular diseases, tumors, respiratory diseases, metabolic diseases, according to the 10th

revision of the International Disease Classification (ICD-10). This research was approved by
the French ethics committee: “Comité de protection des personnes Sud Ouest et Outre-Mer II”
number 02-08-22. All patients gave their written informed consent for the protocol and for the
medical cost collection. This trial is registered with ClinicalTrials.gov under number
NCT01717144. The clinical trial registration was delayed because the sponsor of the study did
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not consider this work as a clinical trial (as recommended by the FDAAA 801) due to lack of
drugs, biologics or devices but as a behavioral intervention. This manuscript reflects perfectly
the initial methodology of this work.

Intervention: education program

The education program consisted of quarterly 90-minute individual sessions with the PD edu-
cation nurse and three four-hour group sessions (with a maximum of 10 patients). Each group
session was run by at least two healthcare professionals (physician, nurse, physiotherapist,
speech therapist, or psychologist). For each patient, the topic of the individual sessions was
based on an educational assessment of the patient’s needs and environment (educational diag-
nosis) and on the learning priorities identified by the patient and healthcare providers, includ-
ing self-monitoring techniques, such as keeping a diary, improving compliance with drug
treatment, identification of non-motor symptoms, maintaining mobility, and improving well-
being [16]. The group sessions consisted of thematic workshops, focusing on topics such as
physical activity, stress management, social support, language and communication. The educa-
tion team provided the patients with information and worked with them to develop strategies
to implement at home, using tools and communication techniques. This education program
ran for 12 months. At the end of the program, an assessment highlighted the skills gained by
the patient with the aim of updating the education goals. During the end-of-study visit, patients
completed a satisfaction questionnaire on a scale of 0 to 10 on the education program and were
asked to indicate whether they would like to continue with the program.

Study design and assessment criteria

A single-center, prospective, randomized study was carried out. PD patients were assigned by a
computer-generated randomization sequence to either the intervention group (Treated by
Behavioral Intervention, TTBI): immediate education program in addition to usual neurologi-
cal care, or the no TTBI group: delayed education program where these patients were offered
only the standard neurological care for 12 months and were then asked whether they wished to
participate in the education program. Randomization was balanced by blocks of six patients.
The randomization codes were kept in the pharmaco-epidemiological unit.

Clinical outcomes and characteristics of patients were assessed just before randomization,
and again six months and 12 months later.

The primary evaluation criterion was QOL assessed by the Parkinson’s Disease QOL PDQ-39
[17]. The PDQ-39 contains 39 items covering eight dimensions: mobility, activities in daily life,
emotional well-being, stigma, social support, cognitions, communication and bodily discomfort.

The generic QOL questionnaire SF36 was also used: the Medical Outcomes Study 36-item
Short Form SF-36, which has eight scales: physical functioning, role limitations due to physical
health, bodily pain, general health perceptions, vitality, social functioning, role limitations due
to emotional problems, and mental health.

Motor status was assessed with the Unified Parkinson’s Disease Rating Scale (UPDRS, Part
III-motor examination). The UPDRS Part I-mental, behavior and psychological state; Part II-
activities of daily living (ADL) and Part IV-side effects of PD treatment were also collected.
Patients were assessed in ON status (under their usual dopaminergic treatment ± ON STIM for
patients with deep brain stimulation).

Patients psychological status was evaluated using the Hospital Anxiety and Depression
Scale (HADS).

An economic evaluation (from the healthcare payer’s perspective (i.e. the national social
health insurance) was performed over one year, taking into account direct medical and non-
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medical costs. Direct medical costs included medication, hospitalizations, outpatient care (i.e.
medical visits, complementary examinations) and direct non-medical costs were limited to
transportation costs. Contrary to the initial protocol, instead of collecting health consumption
through a patient notebook, the data used were collected retrospectively from the French social
health insurance databases and included only PD patients covered by it. A bottom-up approach
was used to collect resources utilization.

The cost of hospitalization was assessed using the French Disease-Related Groups (DRG)
and the national unit cost scale. Ambulatory care, such as visits to a general practitioner or a
specialist, medical, paramedical and other acts, laboratory tests, medication, medical equip-
ment and non-medical costs were evaluated according to the appropriate reimbursement tariffs
used by the French social health insurance. Costs were expressed in Euros, according to cost-
ings for 2012. The education program was evaluated at a rate of €250 per patient per year,
according to the flat rate assigned to education programs in public and private hospitals in
France (Ministère de la santé, 2013). This flat rate did not include the costs of the PD education
nurses’ salaries, which are funded by the French hospitals.

Cost-effectiveness analyses compared costs and outcomes (changes in UPDRS II and III
scores reflecting specific disability related to PD) for the two groups of patients. The incre-
mental cost-effectiveness ratio (ICER) was calculated as follows: difference in mean annual
total cost between the TTBI and no TTBI groups / difference in UPDRS II and III changes
over one year between the TTBI and no TTBI groups. Cost and effectiveness discounting
was not calculated because of the short follow-up period [18]. To account for the skewed
normality of the costs and effectiveness data, probabilistic sensitivity analyses were per-
formed using a bootstrap resampling (1000 replications) on the cost and effectiveness
pairs.

Statistical analysis

The sample size calculation was based on PDQ-39 values in PD patients [19]. For the detection
of a 10-point difference at the 5% significance level, with 80% power and a standard deviation
of 19, 57 patients were needed in each group. Assuming that some of the patients were likely to
withdraw from the study, 60 patients were included in each group.

Qualitative variables were compared between groups, using the χ2-test (or Fisher’s exact test
if the expected numbers per cell were small). Student’s t-test was used to compare the distribu-
tion of quantitative data (or the Mann-Whitney U test if the distribution departed from nor-
mality or if the assumption of homoscedasticity was rejected).

Covariance analysis (ANCOVA) with disease duration as a covariable for the adjusted anal-
ysis was used to compare changes to the QOL scores and quantitative clinical parameters. To
evaluate the effect of the education program on QOL, changes in each dimension of QOL
between the baseline and the visit after 12 months of follow- up were compared, between the
groups, using a two-side binomial exact test.

Probabilistic sensitivity analysis was used to construct the 95% confidence intervals around
the incremental costs per one-point unit improvement in UPDRS II and III, based on the 2.5th

and the 97.5th percentiles. The output of bootstrap resampling was used to determine graphi-
cally, the 95% credible region of the ICER using the 95% confidence ellipse method.

All values are expressed as means ± standard deviation. Differences in scores changes are
presented with the 95% confidence interval (95% CI). A P-value� 0.05 was significant. Missing
clinical data at 12 months of follow up were imputed by the LOCF method and an intention-
to-treat analysis was used. Data were analyzed using SAS1 9.2 and STATA 1 12 statistical
software1.
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Results

Clinical outcomes

A total of 120 PD patients were randomized to TTBI (n = 60) and no TTBI (n = 60) groups.
Recruitment was from December 2008 to April 2010 and the last follow-up was in April 2011.
All but two of the patients completed the study. Both were from the control group and with-
drew their consent (Fig 1).

The demographic and clinical characteristics of the patients at baseline are reported in
Table 1, except SF36 scores available in the supporting files (S1 Table). No significant differ-
ence was observed between the groups in terms of age, sex, disease severity, marital status or
educational background. Nevertheless, disease duration was shorter in TTBI group than in no
TTBI group (4.9±4.3 vs. 6.8±5.2 P = 0.03, respectively).

At baseline, QOL, motor and psychological states did not differ significantly between the
groups, except for the HADS depression subscale, which was lower in the educated group, (P =
0.04; Table 1).

At 12 months, although there was a trend towards improvement of quality of life in the
TTBI group compared to the no-TTBI, the PDQ-39 changes between the groups were not sig-
nificantly different for each PDQ-39 dimension (Table 2).

Over one year, each dimension of PDQ39 (8/8) exhibited better changes in the TTBI group
vs no-TTBI group (binomial exact test, P = 0�008; Table 2). In addition, improvements were
observed for a larger number of PDQ39 dimensions (improvement in seven dimensions vs.
worsening in one dimension) in the TTBI group than in no -TTBI group (improvement in one
dimension vs. worsening in seven dimensions) (Fig 2).

At 12 months, SF-36 changes were not significantly different between the groups except for
the social functioning dimension which was significantly improved in the TTBI group
(P = 0.01; S2 Table, supporting file).

Over one year, 6 dimensions of SF36 (6/8) exhibited better changes in the TTBI group vs
no-TTBI group (binomial exact test, P = 0�2; S2 Table, supporting file). In addition, improve-
ments were observed in 4/8 of SF36 dimensions in the TTBI group (improvement in 4 dimen-
sions vs. worsening in 4 dimensions) in the TTBI group and in no -TTBI group (improvement
in one dimension vs. worsening in seven dimensions) (S1 Fig, supporting file).

A significant difference was observed in, part I, part II and total UPDRS scores after 12
months between the groups even after adjustment on disease duration (P�0.01), except for
part III and part IV (Table 2).

At 12 months, although there was a trend towards improvement of anxiety in the TTBI
group compared to the no-TTBI group, comparison of the HADS scores between the groups
was not significantly different (Table 2)

All data at six months are presented in supporting files (S3 Table). PDQ39 and SF-36
changes were not significantly different between the groups except for the physical functioning
dimension of SF-36 which significantly improved in the TTBI group (P = 0.04). There was a
significant difference in the UPDRS scores between the groups (P�0.01) except for part IV but
no significant difference was found in the HADS scores.

After one year, the mean patient satisfaction score was 8�8±1�1 and 53 of 60 patients from
the TTBI group wished to continue the education program.

Economic evaluation (Table 3)

Only 81 of the 120 patients in the sample (43 in the educated group and 38 in the control
group) were included in the French social health insurance database (Fig 1). Characteristics of
these patients are summarized in Table 3.
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Mean annual costs did not differ significantly between the groups, at €7323±8560 for the TTBI
group and €7372±8022 for the no-TTBI group. The main cost was treatment, in both groups,
accounting for 52% of total costs in the TTBI group compared to 53% in the no-TTBI group
(P = 0.97). Antiparkinsonian drugs accounted for 79% of medication costs in both groups.

Hospitalization and ambulatory care costs did not differ significantly between the groups.
Nevertheless, among the costs of ambulatory care, there was a trend towards lower costs for

Fig 1. Flow chart of participants in the study.

doi:10.1371/journal.pone.0162646.g001
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laboratory testing (P = 0.05) and medical acts (P = 0�08) in the TTBI group. In addition, trans-
portation costs tend to be lower in the TTBI group (P = 0.07).

Cost-effectiveness results are summarized in Table 3. A negative ICER of €21per score
point gained on the UPDRS II scale and €17 per score point gained on the UPDRS III scale
were calculated. The results of the non-parametric bootstrapping with 1000 replications
showed a median positive ICER of €9 per unit improvement in the UPDRS II score with a CI-
95% ranging from €-1738 to €2515 and a median negative ICER of €19 per unit improvement
in the UPDRS III score with a CI-95% ranging from €-1898 to €2506.

In Addition, Fig 3 shows a 95% credible region of the ICER represented by confidence ellip-
ses performed on the simulated bootstrap costs and effectiveness. Most of the simulated ICERs
are found either in the cost-effective or the cost-saving area.

Table 1. Demographics and clinical characteristics of the TTBI and no TTBI groups at baseline.

TTBI (n = 60) no TTBI (n = 60)

Male/female 40/20 31/29

Age (years) 62�1±7�1 65�1±9�2

Years since diagnosis 4�9±4�3 6�8±5�2*

Number of chronic conditions 1�9±1�2 2�0±1�4

Education level:

Left school before age of 18 years 23 31

Educated until age of18 years 9 8

Higher education 28 20

Employed/unemployed 13/47 9/51

With a partner/single 49/11 44/16

Hoehn & Yahr stage

Stage 1/stage 2/stage 3 12/36/13 11/35/12

UPDRS score

Score I (mental, behavioral, and mood state) 1�1±1�4 1�2±1�6

Score II (daily life activities) 6�8±4�2 7�9±4�8

Score III (motor evaluation) 12�2±7�2 14�3±1�9

Score IV (treatment complications) 1�3±2�0 1�7±2�4

Total score 21�4±11�3 25�2±13�9

PDQ39

Mobility 22�0±19�6 27�4±21�4

Activities of daily living 23�8±17�4 27�9±15�4

Emotional well-being 31�8±21�1 34�4±18�5

Stigma 25�9±19�3 29�7±19�7

Social support 10�0±18�9 10�9±15�4

Cognition 28�3±18�4 34�0±17�7

Communication 18�8±18�5 23�9±18�7

Bodily discomfort 38�5±20�2 43�9±23�2

Anxiety and Depression

Anxiety 8�8±4�6 8�8±3�6

Depression 5�6±3�3 6�9±3�6*

Total score 14�4±7�1 15�7±6�2

Values are means±SD

*: P<0.05

doi:10.1371/journal.pone.0162646.t001
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Discussion

This study was the first of this kind to evaluate the effectiveness and cost of an education pro-
gram for PD in France. The program improved QOL and motor status without increasing the
annual total medical cost per patient and therefore could be considered as a cost saving
intervention.

For neurological disorders, such as multiple sclerosis, education programs have already
been shown to improve patient behavior with respect to health status [20]. For PD, only a few
studies have evaluated education programs, with various methodologies. Two studies com-
pared QOL before and after a standardized education program in seven European countries,
but they found no significant change in QOL, particularly when assessed withPDQ39 [5; 9].
Conversely, two randomized controlled trials assessing two different education programs
reported a significant improvement in the global PDQ39 score in the educated group com-
pared to control group [12–13]. This study showed no significant effect of the education pro-
gram on PDQ39 changes at 12 months. However, the effect sizes of an education program on
each PDQ39 dimension are very close to those defined as the minimally important difference
(subjectively meaningful to patients) [21]. Thus, the observed differences in QOL between the
groups are clinical relevant, but not statistical significant. Study of a larger number of patients
may reveal statistical significance. Improved changes in each dimension in the TTBI group
compared to the no-TTBI group also suggested that our education program has a positive
effect on QOL in PD patients.

The education program induced significant improvement in only one dimension of the
SF36 questionnaire. SF36appears not to be the best tool to assess the QOL in PD because SF36
is too general and, not sensitive enough to take into account the specific issues relating to PD

Table 2. Comparison of the changes (between the baseline and at 12 months) of quality of life, motor and psychological scale scores for both

groups.

TTBI (n = 60) no TTBI (n = 60) P (non adjusted) P (adjusted) Difference of no TTBI vs TTBI (95% CI)

PDQ-39

Mobility 0.66±15.15 3.89±13.4 0.24 0.32 3.21(-2.12; 8.56)

ADL -1.66±13.08 1.56±15.73 0.24 0.37 3.22 (-2.21; 8.65)

Emotional well being -4.37±16.52 -0.07±13.93 0.14 0.19 4.30 (-1.38; 9.99)

Stigma -6.68±17.37 -4.59±17.03 0.50 0.60 2.09 (-4.16; 8.33

Social Support -2.03±13.5 0±15.85 0.40 0.43 2.03 (-3.36; 7.42)

Cognition -2.56±14.74 2.13±13.88 0.07 0.11 4.69 (-0.51; 9.88)

Communication -2.73±15.02 0.01±15.34 0.32 0.42 2.74 (-2.80; 8.23)

Bodily discomfort -2.78±15.77 0.98±14.64 0.18 0.33 3.76 (-1.75; 9.26)

UPDRS

UPDRS I -0.40±1.32 0�44±1�67 <0.01 0.01 0.84 (0.29; 1.39)

UPDRS II -0.95±3.24 1.37±4.15 <0�001 <0.01 2.32 (0.97; 3.67)

UPDRS III -0.48±5.54 1.00±6.23 0.17 0�26 1.48 (-0.65; 3.62)

UPDRS IV 0.17±1.46 0.63±1.41 0�08 0�05 0.46 (-0.07; 0.98)

Total score -1.69±8.04 3.46±9.53 <0.01 <0.01 5.15 (1.94; 8.37)

Anxiety and depression

Anxiety -1.00±3.28 0.08±2.72 0�05 0�08 1.08 (-0.01; 2.18)

Depression -0.35±2.58 -0.22±3�1 0�80 0�90 0.13 (-0.91; 1.17)

Total score -1.35±4.7 -0.14±4.78 0�16 0�24 1.21 (-0.51; 2.94)

Values are means±SD; P is adjusted on disease duration

doi:10.1371/journal.pone.0162646.t002
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patients. The findings of this study are consistent with those of Lindskov et al. [22], who
reported no improvement in QOL assessed with the short version of SF36 (SF12 scale).

Improvement observed in the UPDRS subscales and total score supported the education
program. The UPDRS, which is classically used to assess the effect of drugs on PD symptoms,
may also be considered a good indicator of the impact of this kind of intervention. Our results
are consistent with those of Guo et al. [12], who also reported an improvement in UPDRS II
and III scores for PD patients following an education program.

Regarding psychological status, the study duration was probably too short to adequately
reflect an effect of the education program. Nevertheless, most of the studies assessing mood sta-
tus have reported no change in the depression score of the Self-Rating Depression Scale (SDS)
[6; 9–10; 13]. Although it was not assessed, adherence to therapy could be one of the reasons
for QOL improvement because it is an expected consequence of an education program.

These results suggest that our education program could have a positive effect on symptom
outcomes and on the perceived health of PD patients. This conclusion is also supported by the
positive evaluations of the program received from the participants. Based on both the

Fig 2. Evaluation of the change in PDQ-39 score between the baseline and at 12 months in the two groups of PD patients. The

spider chart shows the difference in each PDQ-39 dimension between the baseline and at 12 months. The dotted line indicates an

absence of change in the PDQ-39 score over the 12-month period. Quality of life improved when the point plotted is below the dotted

line and worsened when it is above the dotted line.

doi:10.1371/journal.pone.0162646.g002
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satisfaction score obtained and the number of patients wishing to continue this program, most
patients found it beneficial. Patients consistently reported that they had found the individual
sessions to develop and hone the necessary skills in their daily life, and the exchange of experi-
ences with other patients during group sessions very useful.

The annual direct costs per patient amounted to €7372 for the no-TTBI group and €7323
for the TTBI group, which is consistent with the mean annual direct costs ranging from €3360
to €8160 and the semi-annual costs ranging from €1760 to €6040 reported for European coun-
tries, [23–24]. A large SD of the mean annual overall medical costs was found probably for two
reasons: firstly as it was a randomized controlled trial, all cost and not specific costs due to PD

Table 3. Economic analysis: patient characteristics and costs.

TTBI (n = 43) no TTBI (n = 38) p

Patient characteristics

Age (years) 62�57 ±6�38 64�72±9�45 0�23

Male/female 28/15 15/23 0�02

Disease duration (years) 7.15±4�48 7�74±4�80 0�61

Number of chronic conditions 1�49± 1.26 2.11±1.59 0�08

UPDRS II changes -1.21±3.16 1.18±4.03 <0.01

UPDRS III changes -0.84±5.09 2.00±6.80 0.01

Mean annual costs per patient (Euros)

Hospitalization 1715±5,651 1550±2380 0�34

Ambulatory care 1539±1,830 1746±1790 0�44

Medical visits 350±176 374±192 0�74

Medical actsa 143±147 189±145 0�08

Laboratory tests 58±56 104±114 0�05

Paramedical actsb 792±1,734 934±1,674 0�72

Othersc 196±420 146±202 0�23

Treatments 3693±5,164 3924±6076 0�68

Drugs 3.064±5,164 3296±2847 0�67

Antiparkinsonian drugs 2427±2,009 2590±2576 0�95

Psychotropic drugd 76±137 145±236 0�12

Other drugs 563±540 570±643 0�69

Medical equipmente 629±3,511 627±3529 0�36

Transportation 126±448 227±375 0�07

Education program 250 - -

Total costs 7323±8560 7372±8022 0�50

Incremental cost-effectiveness ratios

Incremental cost (€) Incremental effectiveness Observed ICERf Simulated boostrap ICER (95%)CIg

UPDRS II score -49 -2.39 -21 9 (-1,738; + 2,515)

UPDRS III score -49 -2.84 -17 -19 (-1,898; + 2,506)

Values are means±SD
a: Diagnostic and therapeutic acts
b: performed by a nurse, physiotherapist, orthoptist or speech therapist
c: dental acts, spa therapy
d: antipsychotic drugs, antidepressants, benzodiazepines, non-benzodiazepine hypnotic drugs
e: respiratory assistance, apomorphine pump, orthosis
f: ICER is expressed as € per one point improvement in UPDRS II & III
g: results of non-parametric boostrap ICER is presented as median and 95%. CI

doi:10.1371/journal.pone.0162646.t003
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were assessed during a one year period and secondly, costs are never normally distributed. In
this study, treatment cost was the main expenditure similar to the findings of previous publica-
tions in six European countries (except France) which reported a semi-annual cost of antipar-
kinsonian drugs ranging from €490 to €2960 [24]. In France, annual cost of medication is
€1022 but this study was conducted in 1999 and new medication has resulted in higher costs
today [25].

The education program for PD patients did not increase the annual direct costs, even when
taking into account the cost of the education program itself. Also it did not generate extra costs
due to additional paramedical acts or transportation.

Moreover, laboratory and medical act costs seemed to decrease in the educated group. This
may be because therapeutic education improves the patients’ understanding of their disease,
increasing well-being and decreasing the need for additional examinations.

The cost-effectiveness of an education program for PD was evaluated to shed light on the
medical and economic consequences of this new non-pharmacologic approach.

Regarding the observed ICERs, this study found that the education program dominated
usual care since it was less costly and more effective in the reduction of UPDRS II and III. The
ICER required to achieve an additional one-point improvement allowed a saving of €21 per
patient for UPDRS II and € 17 per patient for UPDRS III. The simulated ICER confirmed
these results and even the values of the upper range of the confidence interval remained lower
than the ICER values reported in Deep Brain Stimulation (€6729) [26].

The study had several limitations. The first limitation was the low sample size, which conse-
quently underpowered the trial. The second limitation was that the sex ratio differed

Fig 3. 95% credible region of the ICER using the confidence ellipse method. These figures show the cost-effectiveness plane for therapeutic

education in PD compared to conventional care based on 1000 bootstrap estimates of the difference in cost and effectiveness. Incremental

effectiveness and incremental cost are plotted on the horizontal and vertical axes, respectively. Each dot represents the ICER for one simulation.

Lozenges represent the observed ICER. Ellipses represent a 95% confidence region around the ICER for the therapeutic education strategy

compared to conventional care. Most of the dots are found in the left areas, showing that therapeutic education is cost-effective (more effective and

more costly) or cost saving (more effective and less costly).

doi:10.1371/journal.pone.0162646.g003
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significantly between the two groups as only 81 patients were included in the economic analy-
sis; therefore our findings are subject to attrition bias. Moreover, this loss of data undoubtedly
decreased the overall statistical power for detecting differences in cost outcomes. Another limi-
tation of this analysis was that it considered only direct costs, it did not include indirect and
informal costs, such as lost productivity, and thus probably underestimated costs from a socie-
tal perspective. The study was based on a one year follow-up period, which could be considered
too short. A longer follow-up duration might have revealed larger changes in QOL and psycho-
logical status and greater savings in terms of medical costs. The existence of a significant differ-
ence in the depression score between the groups at baseline despite the randomization process
makes interpretation of the education program effect on the depression status difficult. Finally,
lack of function utility associated with the specific PDQ39 questionnaire did not allow cost util-
ity analysis.

Conclusion

Therapeutic education is a component of prevention strategies and might be considered as a
cost-saving intervention for a French health insurance payer in PD. Money spent today will
provide medical aid some years later. This cost effectiveness study should be considered as a
pilot study, paving the way for additional studies with larger numbers of patients and careers
and a longer follow-up period.
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