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ABSTRACT: Background: Parkinson’s disease (PD) is best managed by neurologists, traditionally including
frequent doctor-patient contact. Because of a rise in PD prevalence and associated healthcare costs, this
personnel-intensive care may not be future proof. Telemedicine tools for home monitoring have shown to
reduce healthcare consumption in several chronic diseases and also seem promising for PD.

Objective: To explore whether telemonitoring can reduce outpatient healthcare consumption in PD.

Methods: We conducted a cohort study with 116 outpatients with PD who used the telemedicine tool
“myParkinsoncoach.” The tool involved periodic monitoring, feedback, knowledge modules, and text message
functionality. Retrospective data about PD-related healthcare consumption in the year before and after
introduction of the tool were retrieved from the hospital information system. Additional data about tool-related
activities performed by nursing staff were logged prospectively for 3 months.

Results: There was a 29% reduction in the number of outpatient visits (P < 0.001) in the year after introduction of
the tool compared with the year before. A 39% reduction was seen in overall PD-related healthcare costs

(P = 0.001). Similar results were found for patients >70 years old. Nursing staff spent on average 15.5 minutes
per patient a month on monitoring the tool and follow-up activities.

Conclusions: Study results demonstrate a significant reduction in PD-related healthcare consumption using
telemonitoring. Notably, these results were also found in elderly patients. Further research is needed to confirm
these findings, preferably taking a broader perspective on healthcare consumption and within a larger,

multicenter and prospective setup.

Parkinson’s disease (PD) is a slowly progressive and chronic dis-
ease characterized by a range of motor and non-motor symptoms
that often fluctuate over time and between patients."> PD there-
fore requires proper monitoring and individualized treatment.
Previous research in the United States has shown that manage-
ment of patients by a neurologist, especially a movement disorder
specialist, reduces PD-related hospitalization, placement in a
nursing home, and even death.** The guidelines on PD by both
the British National Institute of Health and Care Excellence and
the Dutch Federation of Medical Specialists recommend outpa-
tient visits with a movement disorder specialist between 1 and
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8 times a year based on disease severity and progression.”” In the
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Netherlands, most patients with PD have scheduled outpatient
visits with their neurologist or specialized nurse 3 to 4 times a
year (reliable data are lacking). However, in many countries,
access to proper treatment for patients with PD is poor, and fre-
quent doctor—patient contact is not attainable.” In the face of the
increasing prevalence of PD® and rising healthcare costs,” a sys-
tem of frequent outpatient visits with a movement disorder spe-
cialist is likely not even sustainable in high-income countries.

As stated previously in Movement Disorders,'™"" a possible solu-
tion to this problem lies in the use of telemedicine (also referred
to as “telehealth” or “eHealth”), the remote diagnosis and treat-
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ment of patients by means of telecommunications technology.
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Telemedicine exists in a wide variety of forms such as, but not
limited to, web portals, health sensors or wearables, mobile appli-
cations, video conferencing, home automation, or robotics. In
this article, we focus on systems for long-term home monitoring
of patients, further called “telemonitoring.”

In recent years, telemonitoring has shown to reduce healthcare
consumption in several chronic diseases such as inflammatory
bowel disease, chronic heart failure, and chronic obstructive pul-
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monary  disease.

The proposed mechanism by which
telemonitoring can lead to a reduction in healthcare costs is 3-fold.
First, early observation of deterioration gives the opportunity to
evaluate and optimize treatment before problems become worse.
For example, detecting starting symptoms of delusion and suspicion
may prompt changes in medication, possibly preventing a florid
psychosis which often necessitates long-term hospitalization. Sec-
ond, telemonitoring helps to eliminate “needless” outpatient visits
in patients that are stable, saving time for both patient, primary
caregiver, and medical professional. Third, telemonitoring can give
patients better insight into their disease, leading to patient empow-
erment and improved self-management.'®"® Self-management is

in itself associated with improved health status and well-being in
19,20

patients with a chronic disease.
Up to now, PD research into telemedicine has focused mainly
on the following 3 areas: wearable devices or test batteries to

~2* substitution of outpatient visits by
25-28

monitor PD symptoms,21
screen-to-screen virtual house calls, and administration of
treatment via telephone or internet.””?” To our knowledge,
there are no published articles that make use of a questionnaire-
based telemonitoring of patients.

We developed a telemonitoring tool called “myParkinsoncoach”
(in Dutch “MijjnParkinsoncoach”), a web-based monitoring system
for outpatients with PD.*' A previous study showed that implemen-
tation of this tool in the outpatient clinic was feasible and that patient
satisfaction and experienced quality of care were high.* In the cur-
rent article, PD-related healthcare consumption is compared in
patients before and after the introduction of the tool. We hypothe-
sized that their PD-related healthcare consumption would decline,
most notably the number of outpatient visits.

Methods
Study Design

We conducted a retrospective cohort study in a large, general
teaching hospital in the Netherlands. We evaluated healthcare
consumption comparing 1 year before and 1 year after patients
started using “myParkinsoncoach.” Ethical approval for this study
was obtained from the Medical Ethical Committee Zuyderland-
Zuyd (17-N-152).

Intervention

“MyParkinsoncoach” is a web-based monitoring tool for patients
with PD developed in close collaboration with both movement
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disorder specialists and specialized nurses as well as patients with
PD. There are separate interfaces for patients and professionals.

The patient’s interface includes 4 parts. First, a periodic,
40-item questionnaire asks about patients’ symptoms. This ques-
tionnaire is a reflection of the history that is normally taken in
the consultation room, but essentially it can be interpreted as a
patient-reported outcome measure.”> The frequency of these
questionnaires can be altered by the professional based on, for
example, disease stability or recent therapeutic changes. Most
patients complete a questionnaire once every 1 to 3 months.
Second, questionnaire responses are converted to scores on
15 PD-related domains, such as motor symptoms, activities of
daily living, or psychosis. The scores on these domains are shown
on a 1 to 5 Likert scale (no problems—very severe problems).
Both the current score and the score’s change compared with
the previous questionnaire are visible (Fig. 1). Third, patients and
healthcare providers can send each other text messages in case of,
for example, quick questions, advice, or treatment changes.
Fourth, there are interactive learning modules to improve
patients’ knowledge about PD. After login, notifications inform
patients about unread messages, outstanding questionnaires, or
activated learning modules.

The professional’s interface starts with an overview of all
patients using the tool. A notification screen shows all newly
completed questionnaires and unread text messages. Selecting a
patient gives access to the messages and to the scores as converted
from the questionnaires. Because improvement, stabilization, and
worsening of the different aspects of PD are shown in different
colors, both the separate domains and the overall situation of a
patient can be ascertained at a glance.

On weekdays, a specialized nurse processes all new question-
naires and text messages. If necessary, based on their professional
expertise, they send a text message or make a phone call them-
selves or schedule a phone call or an outpatient visit with the
neurologist. In case of doubt or worsening of symptoms, the
neurologist is always consulted. As a starting principle, patients

Domain

Overall well-being Good O Bad
Motor skills Good 7o Bad
Problems with ADL Never = Always
Pain None o2 A lot
Medication Good O Bad
Response fluctuations Never Ee3 Always
Sleep and fatigue Good O Bad
Autonomic failure Never O Always
Emotion, fear and mood Good O Bad
Cognitive problems Never €= Always
Behavioral problems Never 0= Always
Psychosis Never @ Always
Communication problems Never 2" Always
Social support A lot < None
Work Good i Bad

FIG. 1. Overview of patient scores converted from a
questionnaire. Example of a patient’s score on the

15 Parkinson’s disease-related domains. A leftward shift and a
green dot indicate improvement in that domain compared with
the previous questionnaire, a rightward shift and a red dot
indicate deterioration. ADL, activities of daily living.
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do not have outpatient visits or scheduled phone calls when
“myParkinsoncoach” does not give an indication of worsening of
the disease. It is worth noting that the questionnaires and the
messages that a patient sends via the tool are always assessed by a
healthcare professional who knows the patient.

Usual care consists of scheduled outpatient visits several times
a year, mostly based on the patient’s stability of disease. In case of
questions or problems between these visits, patients can call the
outpatient clinic. The secretaries will then forward this message
to the neurologist, who will decide on the course of action.

Participants

Patients who were treated for idiopathic PD at the outpatient
clinic of a large teaching hospital in the Netherlands and were
deemed eligible by their treating physician were asked to use
“myParkinsoncoach.” If patients were not eligible or not willing,
they continued with usual care. All patients who used the tool were
included in this study. For the analysis, we excluded those patients
who did not have data available on their PD-related healthcare con-
sumption 1 full year before and after introduction of the tool.

Data Collection

Data about outpatient visits, scheduled calls, emergency room
visits, and hospital admission days were extracted from the hospi-
tal information system between January 1, 2013, and December
31, 2017. For each individual patient, a baseline and test period
were determined based on the moment when that patient started
to use “myParkinsoncoach.” Associated costs were calculated
based on reference prices in the guidelines for health economic

d.”®* This is the gov-

evaluations from “zorginstituut Nederlan
ernment agency that supervises the quality and affordability of
Dutch healthcare.®® The last available reference prices are from
2014. These have been adjusted for inflation to 2021. Data about
questionnaires, learning modules, and text messages were logged
on the server and collected to assess patients’ adherence to the
tool. All data were anonymized before analysis. Activities related
to the tool were not registered in the hospital information system.
Therefore, the specialized nurses prospectively kept a log of the
number of activities conducted for all patients using the tool during
a 3-month period (from November 1, 2017, to January 31, 2018).
This was converted to “time spent” through a fixed amount of
minutes per activity. Analyzing the results of a questionnaire or
replying to a message counted for 5 minutes and a phone call or
consultation with the neurologist for 7 minutes. “Time spent” was
thereafter converted to “costs” based on the guidelines for health
economic evaluations mentioned previously.34

Outcome Measures

The primary outcome was change in the number of PD-related
outpatient visits between 1 year before and 1 year after patients
started using “myParkinsoncoach.” The secondary outcomes
were change in PD-related scheduled telephone calls, emergency
room visits, days hospitalized, and healthcare costs. We preplanned

subgroup analyses based on patient age (270 years old vs. <70 years
old) and compliance with the telemonitoring tool. Patients were
considered “compliant” if they completed 3 or more questionnaires

in a year.

Statistical Analysis

We calculated the average PD-related healthcare consumption
and related healthcare costs per patient in the year before and
after they started using myParkinsoncoach. Due to the fact that
each patient started using the tool at a different moment, the
exact time period that was used in the analysis differs from indi-
vidual to individual. Results before and after introduction of the
tool were compared using Wilcoxon signed-rank tests. Log data
were analyzed with descriptive statistics and frequencies. Analyses
were done using Celonis Process Mining version 4 (Celonis,
Munich, Germany) and IBM (Armonk, NY) SPSS Statistics ver-
sion 25.

Results

In total, 204 patients started to use “myParkinsoncoach.” A com-
plete data set both 1 year before and after they started using the
tool was obtained for 116 patients (see Fig. 2). Baseline charac-
teristics are shown in Table 1. Noncompliant patients had a lon-
ger mean disease duration compared with compliant patients,
and age differed between age-based subgroups. Other baseline

characteristics were similar between subgroups.

Primary Outcome

There was a 29% reduction in the number of outpatient visits in
the year after introduction of the tool compared with the year
before (see Table 2). In 27 patients (23%), the number of outpa-
tient visits increased in the year after introduction of the tool,
26 patients (22%) showed no difference, and in 63 patients (54%)

PD-patients in outpatient
clinic: approximately 700

Invited to use
‘myParkinsoncoach’: unknown

Agreed to use
‘myParkinsoncoach’: 204

Did not activate ‘myParkinsoncoach’ (13) |

Started using
‘myParkinsoncoach”: 191 « No Data available 1 year before/after
3 start use of coach (74)
= PD-diagnosis <1 year before start use
of coach (44)
= Treated at Zuyderland medical center
<1 year before start coach (3)
= Deactivated coach within 1 year (8)
« Deceased <1 year after start coach (4)
= Started use of coach <1 year before
end of data collection (15)
« Diagnosis other than PD (1)

[ Included in analysis: 116 ]

FIG. 2. Patient’s flow diagram. PD, Parkinson’s disease.
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TABLE 1  Baseline characteristics

Subgroup Age Subgroup Compliance
Total Sample, <70 years, 270 years, 23 Questionnaires, <3 Questionnaires,
Patient characteristics N =116 n =178 n = 38 n =90 n =26
Demographics
Sex, n (%)
Male 70 (60.3) 47 (60.3) 23 (60.5) 58 (64.4) 12 (46.1)
Female 46 (39.7) 31 (39.7) 15 (39.5) 32 (35.6) 14 (53.9)
Age
Mean in years (SD) 66.2 (8.25) 62.0 (6.27)" 74.8 (3.96) 66.3 (7.84) 65.7 (9.72)
Range in years 41-83 41-69 70-83 41-81 42-83
Medical
Time since diagnosis
Mean in years (SD) 6.5 (5.11) 6.2 (5.29) 7.2 (4.69) 5.8 (4.53) 8.8 (6.28)"
Range in years 1.0-25.2 1.0-25.2 1.0-18.5 1.0-23.5 1.2-25.2
Use of advanced therapies
Any, n (%) 18 (15.5) 12 (15.4) 6 (15.8) 12 (13.3) 6 (23.1)
Apomorfine, n 4 3 1 3 1
DBS, n 2 2 0 2 0
LCIS, n 12 7 5 7 5

*Significant (P < 0.05) difference between subgroups.

SD, standard deviation; DBS, deep brain stimulation; LCIG, levodopa-carbidopa intestinal gel.

there was a reduction. Comparable outcomes were found in
patients aged 70 years or older (—35%) and in the patients com-
pliant with the tool (—32%), but not in the noncompliant group.

Secondary Outcomes

We found a significant reduction in total PD-related healthcare
costs comparing the year before and after introduction of the
tool. This reduction was seen in the total sample (—39%) and in
the subgroups <70 years (—37%), 270 years (—47%), and compli-
ant patients (—43%), but not in the noncompliant subgroup (see
Table 2). All groups showed a trend toward a reduction in the
number of days hospitalized; however, this was not statistically
significant in any group. An increase in the number of scheduled
calls was seen in all analyses, although this was only statistically
significant in the subgroup <70 years old.

Activities Performed and Time
Spent by Nursing Staff Related
to “myParkinsoncoach”

The results of our prospective analysis are shown in Table 3.

Monitoring and follow-up activities cost on average

15.5 minutes per patient per month. Most time was spent
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reading and replying to messages (9.4 minutes), followed by ana-
lyzing questionnaires. This time investment corresponds to salary
costs of €140.38 ($168.96) per patient per year for the nurse.

Discussion

To our knowledge, this is the first study evaluating the impact of
telemonitoring by periodic online questionnaires on healthcare
consumption in PD.

The results show a significant 29% reduction in the average
number of outpatient visits in the first year after introduction of
“myParkinsoncoach.” The same was also found in the subgroup
of patients 270 years old. In some patients, there was an increase
in the number of outpatient visits. We believe that this may have
been attributed to “myParkinsoncoach” picking up on early signs
of deterioration necessitating increased doctor—patient contact
and that it has possibly prevented emergency room visits or
hospitalization.

Secondary outcome measures showed a non-significant
increase in the number of scheduled phone calls. It is likely that
the introduction of the tool led to a partial shift from regular
outpatient visits to telephone consultations. In addition, there
was a significant reduction in overall PD-related healthcare costs
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TABLE 2 Primary and secondary outcomes

Number of Before Start Tool, After Start Tool,
Outcome measures Patients Median (Range) Median (Range) P Value
Outpatient visits
Total sample 116 2 (0-8) 1 (1-6) <0.001*
<70 years of age 78 2 (0-8) 1 (0-5) 0.002°
>70 years of age 38 2 (0-5) 1 (0-6) 0.009°
Compliant 90 2 (0-8) 1 (0-6) <0.001*
Noncompliant 26 2 (1-5) 1 (0-5) 0.198
Scheduled calls
Total sample 116 0 (0-2) 0 (0-8) 0.065
<70 years of age 78 0 (0-2) 0 (0-8) 0.048°¢
270 years of age 38 0 (0-2) 0 (0-3) 0.783
Compliant 90 0 (0-2) 0 (0-8) 0.147
Noncompliant 26 0 (0-1) 0 (0-3) 0.234
Emergency room visits
Total sample 116 0 (0-1) 0 (0-1) 0.564
<70 years of age 78 0 (0-1) 0 (0-1) 1.000
>70 years of age 38 0 (0-0) 0 (0-1) 0.317
Compliant 90 0 (0-1) 0 (0-0) 0.317
Noncompliant 26 0 (0-0) 0 (0-1) 0.157
Days hospitalized
Total sample 116 0 (0-30) 0 (0-22) 0.308
<70 years of age 78 0 (0-30) 0 (0-22) 0.441
>70 years of age 38 0 (0-11) 0 (0-6) 0.285
Compliant 90 0 (0-11) 0 (0-17) 0.207
Noncompliant 26 0 (0-30) 0 (0-22) 0.715
Costs per patientd Mean (range) Mean (range)
Total sample 116 €619.17 (€0—€12,345) €376.64 (€0—€8888) 0.001°
$745.23 ($0-$14,862.76) $453.32 ($0-$10,700.71)
<70 years of age 78 €698.31 (€0—€12,345) €443.11 (€0—€8888) 0.011°
$840.48 ($0-$14,862.76) $533.32 ($0-$10,700.71)
>70 years of age 38 €456.75 (€0—€4741) €240.22 (€0—-€2926) 0.021¢
$549.74 ($0-$5707.93) $289.13 ($0-$3522.76)
Compliant 90 €477.03 (€0—€4741) €272.42 (€0—€7210) <0.001*
$574,15 (80-$5707.93) $327,88 ($0-$8680.48)
Noncompliant 26 €1111.19 (€99-€12,345) €737.42 (€0—€8888) 0.497

$1337.42 ($119.19-$14,862.76)

$887.56 ($0-$10,700.71)

*P<0.001;°P<0.01;° P<0.05.

“Excluding costs pertaining to the monitoring of “myParkinsoncoach.”
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TABLE 3  Activities performed and time spent monitoring “myParkinsoncoach”

Time period Questionnaires Messages Phone calls Consultation Total
November 2017
Total number 95 325 70 42 =
Mean number per patient 0.53 1.80 0.39 0.23 =
Mean time per patient, minutes 2.64 9.02 2.70 1.63 16.02
December 2017
Total number 160 320 21 14 =
Mean number per patient 0.95 1.90 0.13 0.08 =
Mean time per patient, minutes 4.76 9.52 0.88 0.58 15.74
January 2018
Total number 105 325 28 21 =
Mean number per patient 0.62 1.92 0.17 0.12 =
Mean time per patient, minutes 3.11 9.62 1.16 0.87 14.75
Total
Mean time per patient, minutes 3.50 9.39 1.59 1.03 15.51

caused mainly by a reduction in the number of hospital admis-
sion days as well as the number of outpatient visits. Prospectively
it was assessed that time spent monitoring the tool takes on aver-
age 15.5 minutes per patient per month.

The aforementioned findings of telemonitoring leading to a
reduction in healthcare consumption in PD correspond to earlier
studies in patients with other chronic diseases.”>”'> The fact that
these results were not related to the age of the patients is also in
line with previous research showing that, contrary to popular
belief, telemedicine tools are also applicable in the care for
elderly patients.*®>’

Others have investigated the use of screen-to-screen contact
either replacing or in addition to outpatient visits in PD. One of
these studies showed a trend toward a reduction in the number
of outpatient visits, but most were not set up to analyze change
in healthcare consumption.” Reports generally showed an eco-
nomic benefit based on a reduction in travel time and associated
costs. Patient satisfaction and willingness to use this type of care
were high to very high. No differences in quality of care were
found with screen-to-screen visits in comparison with regular

252728 High levels of patient satisfaction and

outpatient visits.
experienced quality of care were also seen with the use of
“myParkinsoncoach” in a previous study.>

In addition, a large number of studies have explored the
usefulness of wearable devices in monitoring symptoms in
PD.>'"?* These generally focus on the reliability of such
devices and on quality of care. One study taking into consid-
eration healthcare cost found the use of wearable devices to
be cost-effective for improvement of functional status, motor
severity, and motor complications.”* We did not find any
study analyzing the use of wearable devices in relation to
healthcare consumption.
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There are several limitations concerning this study. First, no
control group was included in the analyses, making it difficult to
attribute the results that were found completely to the tool. Never-
theless, the fact that no significant changes in healthcare consump-
tion were found in the noncompliant subgroup makes it more
likely that the effects found were at least partly caused by the tool.

Second, possible selection bias could have influenced results
because not all patients at the clinic were invited to use
“myParkinsoncoach,” only those deemed eligible by their neu-
rologist. Hence our sample was on average younger than most
patients with PD and did not contain people with severe cogni-
tive or psychiatric disorders nor patients living in a nursing home
facility. However, the study population does match the patients
that would use such a tool in practice and the outcomes are
therefore likely to reflect its real-world effects. Furthermore, the
subgroup analysis in elderly patients revealed that for those
270 years old who were interested in using telemonitoring, the
effect was similar to the overall population.

Third, data were collected in one hospital with most patients
being treated by a single movement disorder specialist, in close
collaboration with PD nurses, possibly limiting the generalizabil-
ity of the results. As mentioned previously, most patients with
PD in the Netherlands have outpatient visits with their neurolo-
gist every 3 to 4 months, whereas this study found a median of
2 visits a year before the introduction of “myParkinsoncoach.”
This indicates a preexisting restrictive attitude toward the regular
planning of outpatient visits. A larger rather than smaller reduc-
tion in outpatient visits may be attainable in most hospitals com-
pared with the 29% found in this study.

In addition, it is self-evident that our results are only viable in
settings where internet access from home is readily available for
patients with PD.
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Despite these limitations, the results found in this study indi-
cate that telemonitoring can have a place in reducing healthcare
consumption in PD. Because only in-hospital activities registered
with PD as the primary diagnosis were taken into account, it is
likely that the true economic impact is even larger than this study
shows. For example, patients with PD often visit the emergency
room or are admitted to the hospital because of complications
such as (aspiration) pneumonia or falls leading to fractures or
head trauma. Better disease management with telemonitoring
may lead to a reduction in these complications and thus in addi-
tional cost reductions. Furthermore, patients admitted to the hos-
pital because of PD often need rehabilitation in a nursing home
or other facility before being able to return home. A decrease in
hospital admissions would also mean less admissions to rehabilita-
tion facilities. In addition, a reduction in outpatient visits will also
lead to indirect cost reductions outside of healthcare. Patients
and/or caregivers do not need to take time of work to attend
the outpatient clinic, it eliminates travel time and costs, and
reduces the amount of parking lots, waiting rooms, and clinic
space needed at hospitals. In several studies that compared
screen-to-screen doctor—patient contact with outpatient visits in
PD, patients and caregivers stated that they found the reduction
in travel time and costs to be the largest advantage of
telemedicine. >

Future research on this subject is needed and should focus on
validating current results, particularly in a larger, prospective, and
multicenter setups. Outcome measures related to the quality of
care should be included as well as a broader perspective on
healthcare costs. Long-term follow-up is necessary to ascertain
the sustainability of care with limited face-to-face doctor—patient
contact over time. Moreover, research should reveal whether
telemonitoring and proactive disease management do indeed lead
to a reduction in hospital admissions.

Considering the expected rise in the incidence of PD men-
tioned previously, we believe it is of great importance that
implementation of telemonitoring and other types of telemedi-
cine in standard care will be prioritized in the upcoming years.
This requires a culture change to make telemedicine standard
care in the minds of both patients and healthcare professionals.
Nevertheless, implementation will also be influenced greatly by
whether and how agreements concerning the financing of tele-
medicine are made. Thus far, movement disorder specialists using
telemedicine often report that the expansion of this type of care
is limited by inconsistencies in reimbursement or by not being
reimbursed at all.?®** The current COVID-19 pandemic has
shown many people the benefits of telemedicine and might be a
catalyst in prompting all parties concerned to facilitate its
implementation.>

To optimize the care for patients with PD, telemonitoring
systems, including “myParkinsoncoach,” should further be
expanded. Based on experiences of healthcare professionals and
patients, useful additions include, for example, combining
questionnaire-based data with data from wearables to give a bet-
ter view of a patient’s symptoms and effect of therapy, notifica-
tions or other reminders for patients about medication intake to

promote compliance, and modules to allow for the exchange of

information between different healthcare professionals and other
caregivers to align treatment. In addition, to further personalize
care, it would be useful to have individualized questionnaires
based on patient characteristics such as age, disease stage, type of
therapy, or admission to a nursing home facility. These points for
improvement are in line with the roadmap for implementation
of mobile technologies for patient-centered outcome measure-
ments as proposed by the Movement Disorder Society Task

Force on Technology.*
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