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Abstract.

Background: Differential diagnosis between Parkinson’s disease (PD) and atypical parkinsonisms (APs) may be difficult
at disease onset. The response to levodopa (LD) is a key supportive feature but its definition is largely empirical. Studies
evaluating this issue by quantitative tests are scanty.

Objective: We aimed to assess the utility of a subacute low LD dose kinetic-dynamic test in the differential diagnosis between
PD and APs. It was applied at the baseline of a prospective follow-up in patients with parkinsonian signs within three years
of disease motor onset (“BoProPark” cohort) and eventually diagnosed as PD or APs according to consensus criteria.
Methods: Patients under at least 3-month LD therapy received a first morning fasting dose of LD/benserazide or carbidopa
(100/25 mg) and underwent simultaneous serial assessments of plasma LD concentration and alternate finger tapping fre-
quency up to 3h. The main outcome was the extent of LD motor response, calculated by the area under the 3 h tapping
effect—time curve (AUC_ETap). A receiver operating characteristic (ROC) curve analysis was performed to establish the
optimal AUC_ETap cut-off to differentiate PD and APs.

Results: The first 100 consecutive “BoProPark™ patients were analyzed. Forty-seven patients were classified as possible,
37 as probable PD and 16 as APs. AUC_ETap medians were similar in the PD subgroups but reduced to a third in APs
(»<0.001). The optimal AUC_ETap cut-off value was >2186 [(tap/min) x min], with a sensitivity of 92% and a specificity
of 75%. Accuracy of the test was 0.85 (95% CI 0.74-0.95), p <0.0001.

Conclusion: The estimation of 3h AUC_ETap after a subacute low LD dose proved a reliable, objective tool to assess LD
motor response in our cohort of patients. AUC_ETap value rounded to >2200 supports PD diagnosis, while lower values may
alert to AP diagnoses.
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INTRODUCTION

It is recognized that the differential diagnosis of
Parkinson’s disease (PD) from other neurodegener-
ative diseases presenting with parkinsonism can be
difficult at the early stages, when some of the more
peculiar features may not yet have developed [1, 2].
The responsiveness of motor symptoms to levodopa
(LD) is a key supportive characteristic included in
different diagnostic criteria proposed over time [1,
3, 4]. According to these criteria, LD responsiveness
generally rests on high dose, >600 mg/day, LD trials
[4] coupled with Unified Parkinson’s Disease Rat-
ing Scale (UPDRS) — Part III motor assessments [5].
Its proposed definition is largely empirical: a “sub-
stantial and sustained response to LD” [1]; a “clear
and beneficial response, which must be unequivocal
and of large amplitude” [4]. Among the drawbacks,
high dose LD trials can exacerbate cardiovascular
symptoms which often complicate the clinical picture
of some atypical parkinsonisms (APs), hampering a
reliable evaluation of LD response. As far as UPDRS-
IIT scoring is concerned, the 20-30% change from
baseline used to define “LD responders” has been
arbitrarily determined and has not been fully estab-
lished across the different stages of the disease [6, 7].
Moreover, in AP patients UPDRS-III may be not ade-
quate to score some motor tasks, such as gait, which
may be influenced by factors unrelated to dopamin-
ergic deficits (impairment of cerebellar function or
orthostatic hypotension) [8].

Acute challenge tests with high LD/carbidopa
(CD) or benserazide (BZ) dose (250/25 or 200/50 mg)
combined with semiquantitative scale assessments
have been repeatedly suggested in the past as a cli-
nically practical tool in the differential diagnosis of
parkinsonisms at their early courses [9, 10]. How-
ever, these tests proved to suffer from several flaws,
including the frequent occurrence of gastrointesti-
nal and cardiovascular adverse events, hindering
their completion; heterogeneous and rater dependent
assessments of motor effects; disagreement on res-
ponse cut-off for the differential diagnosis. On the
basis of this evidence and the relative high rates
of false positive and false negative results acute
dopaminergic drug challenge tests were not recom-
mended for the diagnosis of de novo PD patients [11].

Our group has developed a subacute challenge test
with a low (100/25 mg) oral dose of LD/carbidopa
(CD) or benserazide (BZ) based on serial quan-
titative assessments of motor effect by means of
computerized alternate index finger tapping test and

simultaneous blood samples to measure drug plasma
concentrations over 3h [12]. From one of our pre-
vious retrospective studies [8] the extent of motor
response elicited by this LD challenge, estimated by
the area under the 3h tapping effect-time curve
(AUC_ETap), proved helpful in distinguishing
between PD and Multiple System Atrophy with pre-
dominant parkinsonism (MSA-P) early in the disease
course.

The aim of this study was to further assess the
utility of this objective approach in the differential
diagnosis of PD. It was applied at the baseline of
a prospective follow-up in a cohort of patients with
a progressive neurodegenerative disease starting with
parkinsonian signs within three years of disease
motor onset (“Bologna Motor and Non-motor Pro-
spective Study on Parkinsonism at Onset”, BoPro
Park study) [13] and eventually diagnosed as PD or
APs according to international consensus criteria.

MATERIALS AND METHODS

Patients and protocol

All consecutive patients recruited from Septem-
ber 2007 up to November 2018 for the BoProPark
study who completed a second evaluation by Decem-
ber 2018 were included in the present analysis. Only
patients with pathological single-photon emission
computerized tomography for imaging the dopamine
transporter (DaTscan SPECT) were included in the
study. Secondary causes of parkinsonism were also
excluded before enrollment by means of appropri-
ate investigations including brain magnetic resonance
imaging. A further exclusion criterion to enter the
study was a concurrent clinically severe medical or
psychiatric disease that could interfere with study
results [13]. The study was approved by the Inde-
pendent Ethics Committee of the Bologna Health
Authority (CE number: 09070). Patients gave their
written informed consent to participate in the study
and to publish the data.

According to the BoProPark protocol each patient
underwent the same battery of clinical and instrumen-
tal tests [13] at baseline (TO), after 16 months (T1) and
5 years (T2). Patients were also followed up accord-
ing to clinical practice and were regularly assessed
for routine visits every 6—12 months as needed. Diag-
noses for each patient were carried out as previously
detailed [13] with the aid of an ad hoc database
(SparkBio Srl, Bologna, Italy) according to the
international diagnostic criteria for PD [1], PD with
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Fig. 1. A) Outline of the BoProPark study phase covered by the present analysis; B) protocol of the subacute challenge test with levodopa.

dementia (PDD) [14, 15], MSA [16], dementia with
Lewy bodies (DLB) [17], progressive supranuclear
palsy (PSP) [18], and corticobasal syndrome (CBS)
[19]. Patients not fulfilling any diagnostic criteria
were diagnosed as unspecified atypical parkinsonism
(uAP). All diagnoses were independently confirmed
by three neurologists expert in movement disorders
who were blinded to the diagnosis provided by the
database. Diagnoses made at TO were revisited at T1
based on the results obtained from these follow-up
evaluations [13] (Fig. 1).

As far as LD kinetic-dynamic test is concerned,
drug naive patients at TO started LD treatment titrated
in one month up to 200 mg/day and underwent this
examination within 3—6 months from drug introduc-
tion (Fig. 1). In the present report subacute LD test
response obtained at TO was matched with patients’
diagnosis carried out at T1, in order to increase con-
fidence in the diagnosis (Fig. 1).

Levodopa kinetic-dynamic test

On the morning of the study the patients received
an oral fasting dose of LD/BZ or CD (100/25 mg)
after a 12h washout of LD and any concomitant
anti-parkinsonian drugs [12]. Blood venous samples

for LD plasma concentration analysis were drawn by
an indwelling catheter immediately before the LD
dose, at 15 min intervals for the first 90 min, then
half-hourly up to 3h after dosing. Patients’ motor
responses to the LD test dose were simultaneously
assessed by the alternate index finger tapping test
(the number of times the patient could alternately tap
two buttons 20 cm apart in 60 s with the most affected
hand), using a computerized touch screen system
(mHealth Technologies srl, Bologna, Italy) (Supple-
mentary Figure 1). The protocol of the subacute chal-
lenge test with levodopa is summarized in Fig. 1.
Baseline pre-LD dosing finger tapping test was per-
formed twice, 5min apart, and tapping frequency
values were averaged for further analyses. All pat-
ients underwent a separate session of practice trial to
acquaint themselves with the required movement.

Possible LD induced dyskinesias (LIDs) were
rated at the same times as motor responses by the
Clinical Dyskinesia Rating Scale (CDRS) [20].

All patients were clinically assessed before LD
subacute test (“off state”) by means of UPDRS-
Part III motor scale [5] and Hoehn & Yahr (H&Y)
scale [21]. One hour post-LD dosing UPDRS-III
assessment (“on state”) was performed in a subset
of patients.
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LD kinetic-dynamic analysis

LD peak plasma concentration (Cmax) and time to
LD peak (tmax) were the observed values.

The magnitude of the effect was estimated by
the difference (ETapmax) between maximum tapping
frequency (Tapmax) and baseline (Tap0O) over base-
line values, expressed as percentage (ATapmax%).

The main study outcome was the 3h AUC_ETap
calculated according to the linear trapezoidal rule by
means of SigmaPlot 12.5 software (Systat Software,
San Jose, CA, USA). Practically, for each patient the
differences (ETap) between serial post-dosing tap-
ping frequency absolute values and the average of
two baseline, pre-dosing measurements were calcu-
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Fig. 2. Graphs and computed values of the area under the 3h
tapping effect-time curve (AUC_ETap) elicited by the 100/25
levodopa/benserazide or carbidopa test dose in two representa-
tive patients: A) Parkinson’s disease; B) Atypical parkinsonism.
Depicted tapping frequency values were obtained after correc-
tion for baseline values, i.e., expressed as the difference (ETap)
between serial post-dosing tapping frequency absolute values and
the average of two baseline, pre-dosing measurements.

lated and then plotted against matched assessment
times, over the 3 h (Fig. 2).

Statistical analysis

When data were consistent with a normal dis-
tribution and equal variances, means and standard
deviations were calculated and comparisons of study
variables among patients’ subgroups were carried out
by One Way Analysis of Variance (ANOVA). Pair-
wise comparisons were performed by Holm-Sidak
method when ANOVAs indicated a significant dif-
ference among subgroups. When deviation from a
normal distribution was found, or when different var-
iances were identified, medians and 25th-75th per-
centiles were calculated and comparisons were
performed by Kruskal-Wallis One Way Analysis of
Variance on Ranks (ANOVA on Ranks). Pairwise
comparisons were performed by Dunn’s method
when ANOVAs on Ranks indicated a significant
difference among subgroups. Correlations between
variables were assessed by Pearson’s product mom-
ent coefficient. Sex and LIDs distribution was com-
pared among groups by Chi square test. The optimal
AUC _ETap cut-off value to differentiate PD and APs
was determined by receiver operating characteris-
tic (ROC) curve analysis. Analyses were carried out
by SigmaPlot 12.5 software. Significance was set at
p<0.05.

RESULTS
Patients’ characteristics

Clinical characteristics of patients at the moment of
their TO LD test grouped by diagnoses carried out at
T1 are reported in Table 1. Forty-seven patients were
classified as possible and 37 as probable PD, while
16 patients were classified as APs (PSP, n=3; MSA,
n=5; DLB, n=2; CBS, n=2; uAP, n=4). The three
groups were comparable for sex, age, weight and LD
therapy duration. Possible PD patients had a shorter
duration of parkinsonian symptoms (p <0.001) com-
pared with probable PD and AP subgroups. AP
patients showed higher UPDRS-III [5] and Hoehn
& Yahr (H&Y) score [21] than possible and probable
PD (p <0.001). LD daily dose significantly increased
from possible and probable PD up to AP (p <0.001,
all pairwise comparisons). Three possible PD patients
were co-treated with pramipexole. Six probable PD
patients were also receiving pramipexole, three were
onropinirole and three on rasagiline. Two AP patients
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Table 1
Patients’ characteristics at their first prospective levodopa test matched with clinical classification made after 16 months of follow-up
Patient Sex Age Weight P symptoms’ LD therapy LD dose LEDD UPDRS-III H&Y
group m/w (y) (kg) duration duration (mg/d)# (mg/d)* score’ score’
(months)* (months)

Possible PD 24/23  61+£10 73£13 12 (10-12) 5.1 (4.0-8.0) 200+ 38 205+43 12 (9-15) 1(1-2)
(n=47)

Probable PD  26/11 60£9 75+£15 24 (24-36) 5.0 (4.0-7.1) 227 £61 272+£103 15 (9-21) 2(1-2)
(n=37)

AP 10/6 6610 7113 24 (24-36) 4.1(3.0-6.8)  305+105 319+ 121 29 (22-33) 2(2-2)
(n=16)

Data are expressed as mean = standard deviation or median (25-75th percentiles).PD, Parkinson’s disease; AP, atypical parkinsonism; m,
men; w, women; y, years; kg, kilogram; P, Parkinsonian; LD, levodopa; mg, milligram; d, day; LEDD, levodopa equivalent daily dose;
UPDRS-III, Unified Parkinson’s Disease Rating Scale- Part III; H&Y, Hoehn and Yahr. UPDRS-III and H&Y scores were obtained before
LD dosing (“off” state) during the LD challenge test.*p < 0.001, possible PD versus probable PD and AP; #p <0.001, all pairwise multiple

comparisons; § p<0.001, AP versus possible and probable PD.

were co-treated with pramipexole and one with rasag-
iline. Possible PD patients had a lower LD equivalent
daily dose (LEDD) [22] (p <0.001) than probable PD
and AP subgroups.

Clinical diagnoses carried out at the last available
follow-up, at an overall median (25-75 percentiles)
duration of parkinsonian symptoms of 64 (46—-100)
months are summarized in Supplementary Table 1.
Patients’ main classification in PD or APs was sub-
stantially confirmed in all subjects but one (one uAP
reclassified as PDD).

LD kinetic-dynamic test results

All patients completed the LD kinetic-dynamic
test without any inconvenience or adverse effects.
Alternate index finger tapping sessions were regu-
larly carried out and completed by all patients without
execution errors.

No difference in LD test dose expressed as mg/kg
was observed among the three subgroups (Table 2).

Mean LD Cmax and median tmax were similar
among groups (Table 2).

Median values of baseline, maximum tapping
frequency and magnitude of tapping effect were sig-
nificantly lower in AP patients than in possible and
probable PD (p<0.001). ATapmax% tended to be
reduced in APs but failed to reach a statistical sig-
nificance (Table 2). Median AUC_ETap values were
similar in possible and probable PD but reduced to
a third in AP (p<0.001) (Table 2). Scatter and box
plots of AUC_ETap values by patients’ groups are
depicted in Fig. 3. Representative AUC_ETap graphs
obtained in one PD and one AP patient are illustrated
in Fig. 2.

From LD plasma analyses, no impairment in LD
bioavailability was observed in the AP subgroup.
Overall, no significant correlation was observed
between LD Cmax and matched AUC_ETap.

From ROC curve analysis (Fig. 3) an AUC_ETap
value of 2186 [(taps/min) x min] proved to be the
optimal cut-off (Table 3) in the differential diagnosis

Table 2
Levodopa kinetic-dynamic variables by patients’ subgroups

Patients’ subgroups

Levodopa kinetic- Possible PD Probable PD AP
dynamic variables

Test dose (mg/kg) 1.4£03 14£03 1.5£03
tmax (min) 30 (30-60) 30 (30-45) 30 (30-45)
Cmax (mg/L) 2.0+0.8 2.1+0.8 1.9+0.7
Tap0 (tap/min)* 134 +£34 137 +£37 88+34
Tapmax(tap/min)* 179 £ 45 187 £ 49 112+£50
ETapmax (tap/min)* 42 (29-59) 43 (32-63) 21 (13-33)
DeltaTapmax% 30 (24-39) 30 (22-41) 23 (19-33)

AUC_ETap* [(tap/min) X min]

5385 (3300-7410)

5925 (3982-8261) 1799 (442-4100)

Data are expressed as mean =+ standard deviation or median (25-75th percentiles).PD, Parkinson’s disease; AP, Atypical
parkinsonism; mg, milligram; kg, kilogram; L, liter; tmax, time to levodopa (LD) peak; Cmax, LD peak plasma concen-
tration; Tap0, tapping frequency at baseline; Tapmax, maximum tapping frequency after LD dose; ETapmax, difference
between Tapmax and TapO; DeltaTapmax%, ETapmax over baseline values expressed as percentage; AUC_ETap, area
under the 3 h tapping effect-time curve.*p <0.001, AP versus Possible and Probable PD.
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Fig. 3. A) Scatter and box plots of area under the 3h tapping
effect—time curve (AUC_ETap) by patients’ groups. Box plots
depict the range between the 25th and 75th percentiles of the data.
The horizontal line marks the median value; capped bars indicate
10th-90th percentiles. Black circles represent outlying values. The
dashed bold line indicates the optimal cut-off value for AUC_ETap
according to the receiver operating characteristic (ROC) curve
(B). p<0.001, overall significance of comparisons by One Way
Analysis of Variance; * Significance of pairwise comparisons by
Dunn’s method (p <0.05). PD, Parkinson’s disease; AP, atypical
parkinsonisms; PSP, progressive supranuclear palsy; MSA, multi-
ple system atrophy; uAP, undefined atypical parkinsonisms; DLB,
dementia with Lewy bodies; CBS, corticobasal syndrome.

between overall PD patients and AP, with a sensitivity
of 92% and a specificity of 75%. Accuracy of the test,
expressed by the area under the ROC curve was 0.85
(95% C10.74-0.95), p<0.0001.

Moderate LIDs were registered in 5 possible PD
(11%), 7 probable PD (19%) and two AP (12%).

Overall, a negative correlation was found between
UPDRS-III score obtained before subacute LD dos-
ing and matched baseline tapping frequency (r=
—0.447,p <0.001). UPDRS-III value 1 h after LD test
was available in 51 patients: 24 (51%) of possible
PD, 20 (54%) of probable PD and 7 (44%) of AP.
Percentage difference between post-dosing and base-
line UPDRS-III positively correlated with matched
ATapmax% (r=0.430, p<0.001) in this subset of
patients.

DISCUSSION

In our cohort of patients, the 3 h extent of alternate
finger tapping motor response elicited by the subacute
LD test was markedly lower in patients eventually
diagnosed as APs compared to possible or proba-
ble PD. DeltaTapmax% did not significantly differ
between PD and AP patients, partly due to the high
intersubject variability and the limited number of the
AP subgroup, including heterogeneous syndromes.
The observed differences in LD pharmacodynamics
were not explained by pharmacokinetics that were
similar in the subgroups. These findings are in line
with the results of one of our retrospective studies
in a series of patients followed up for a parkinsonian
syndrome and eventually diagnosed as MSA-P or PD
[8]. As already pinpointed [8], it might be argued that
quantitative differences in LD tapping effect result
from the higher motor impairment (i.e., lower basal
tapping values) in the AP group. However, in previ-
ous studies in PD patients the magnitude of LD motor
response was unaltered [23] or even increased with
the advancing of the disease [24], possibly as a result
of compensatory postsynaptic-receptor upregulation
in presence of extensive presynaptic lesions [24].
No significant relationship was observed between
LD Cmax and matched AUC_ETap, in line with
the notion that the response to LD is the result of
a complex interplay between cerebral LD kinetic
mechanisms and the degree of degeneration of the
nigrostriatal dopaminergic system which accompa-
nies the progression of symptoms [23, 24].

AUC_ETap was selected as the primary outcome
to quantify the effect elicited by the LD test dose.
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Table 3

817

Report extract of different cutoff points for AUC_ETap values and matched sensitivity
and specificity according to ROC curve analysis

AUC_ETap Sensitivity 95% CI Specificity 95% CI
cut-off>

2058 0.93 0.85-0.97 0.69 0.41-0.89
2148 0.92 0.83-0.97 0.69 0.41-0.89
2186 0.92 0.83-0.96 0.75 0.48-0.93
2213 0.90 0.82-0.96 0.75 0.48-0.93
2288 0.89 0.81-0.95 0.75 0.48-0.93
2381 0.88 0.79-0.95 0.75 0.48-0.93

AUC _ETap, area under the 3 h tapping effect-time curve; ROC, receiver operating characteristic

curve. In bold: optimal cut-off value.

Integrating over time rather than looking at individual
effect measurements can be a more accurate approach
to estimate the pharmacological response to a given
dose of a drug [25]. AUC_ETap value rounded to
>2200 [(taps/min) x min] proved an accurate cut-off
in the differential diagnosis between PD and APs. The
low severity of bradykinesia observed in five out of 84
overall possible and probable PD patients may partly
account for the overlapping of AUC_ETap measures
around the optimal cut-off value in this subgroup.
The sensitivity of our test (92%) was better than
that reported by most studies performed with acute
high LD/CD or BZ (200/25 or 200/50 mg) challenge
tests, ranging 70-81% [2, 26, 27]. Test specificity
(75%) was of similar order of that obtained by high
LD/CD or BZ acute challenges (71-82%) [2, 26, 27].
This finding is also in line with the notion that LD
responsiveness is poorly specific to PD. As previ-
ously recalled by Gelb and coauthors [1], an at least
initial and temporary response to LD treatment was
documented in 22% to 35% of patients with PSP,
69% to 75% of MSA and up to 87% of DLB patients
presenting parkinsonian features.

Taken overall, the following considerations can be
drawn on the diagnostic value and clinical applica-
bility of our subacute low LD dose objective test in
parkinsonisms at disease onset:

a) Our patients were tested after median 4-5 months
of LD therapy, at mean low daily doses rang-
ing from 200 to 400 mg. As previously outlined
[8], a chronic treatment of at least 3 months was
considered necessary to accomplish with a safe
slow titration of LD dose in de novo patients,
patients’ acceptance and familiarization with a
new chronic treatment and latency to experience
long-duration response [28]. This low daily dose
LD trial coupled with a low subacute test dose

b)

c)

was well tolerated in all our patients and may be
a more reliable and safer approach to test drug re-
sponsiveness than acute high LD dose challenges,
often complicated by gastrointestinal and car-
diovascular adverse events hampering adequate
assessments [2, 26], especially in AP patients.
This approach is in line with the nowadays rec-
ognized notion that high LD doses are associated
with an increased risk of developing both dysk-
inesias and wearing-off phenomena [29]. It is
recommended that LD should be used from the
beginning in the lowest dose that provides a sat-
isfactory clinical response and dose increases
should be made with caution [30].

Quantitative assessment of LD motor response by
asimple test, such as the alternate index finger tap-
ping, is not prone to the interobserver variations
of clinical scale evaluations. This characteristic
may be particularly useful in long-term intrasub-
ject follow-ups, where patients are likely to be
examined by different clinicians over time. More-
over, objective monitoring may promote a more
standardized comparison of patients’ clinical and
therapeutic assessment from different medical
centers. At present UPDRS-II1 is still the common
reference scale in the development and validation
of both quantitative and semiquantitative tools for
assessing PD features. Of note, in our patients
both baseline UPDRS-III and percentage dif-
ference between post-dosing and baseline value
proved to significantly correlate with matched
baseline alternate tapping frequency and magni-
tude of the effect (ATapmax%). These findings
are in keeping with reported evidence of a strong
correlation between UPDRS-III, namely bradyki-
nesia subscore, and tapping frequency [31].
Serial measurements of LD plasma concentra-
tions enclosed in our kinetic-dynamic test allow
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checking for possible delayed, reduced or irreg-
ular patterns of drug absorption. We confirmed
that AUC_ETaps below the optimal cut-off value
were not ascribable to any impairment of LD test
dose bioavailability. In the light of this observa-
tion and of our previous experience of intrapatient
longitudinal LD kinetic-dynamic monitoring [23]
our standardized LD test could be reliably per-
formed without blood sampling in the first place,
reserving the assessment of LD kinetics to cases
of negative or doubtful motor response.

Our study has some limitations. First of all, the
objective assessment of LD motor response was
based only on the alternate finger tapping test. We
are aware that this test can be not fully adequate to
monitor LD effects in patients showing light bradyki-
nesia or tremor as prevalent symptom [32]. We have
experienced other simple motor tasks, such as the
Timed Up and Go (TUG) test [33], but it proved less
sensitive than finger tapping in detecting subtle sub-
acute motor effects elicited by LD dosing at the early
stages of PD [12, 32, 34]. Further, patient’s perfor-
mance on the alternate finger tapping test could be
affected by factors like cognitive impairment (mainly
attention, executive and praxis dysfunction), affective
and behavioral modifications (decreased motivation
or impulsivity). On the other hand UPDRS-III, the
common reference scale used to estimate motor LD
response may be affected, in addition to the above
factors, by symptomatic orthostatic hypotension and
cerebellar dysfunctions.

Another limitation is the small and heterogeneous
group of APs (n=16) detected in our patient pop-
ulation, which is in any case of the same order of
magnitude (n=24) of the group of “other neuro-
degenerative disorders” (ONDs) reported in the De-
NoPa cohort [2]. It is noteworthy that the percent-
age of APs (16%) found in our study was identical to
the percentage of ONDs (17%) found in the DeNoPa
study.

Finally, all patients were diagnosed on the basis
of clinical features. An autopsy study should be per-
formed for a definite diagnosis.

In conclusion, the estimation of 3h AUC_ETap
after a subacute 100/25 mg LD/CD or BZ dose proved
areliable, objective tool to assess LD motor response
in our cohort of patients. AUC_ETap value rounded
to >2200 supports PD diagnosis, while lower values
may alert to AP diagnoses. Further validation studies
are required to confirm the accuracy of this new tool
in a larger cohort of patients.
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