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ABSTRACT

Objective: Cognitive dysfunction is common in Parkinson disease (PD), even early in its clinical
course. This disease manifestation has been associated with impaired verbal learning perfor-
mance as well as abnormal expression of a specific PD-related cognitive spatial covariance pat-
tern (PDCP). It is not known, however, how this metabolic network relates to the cognitive
response to dopaminergic therapy on the individual patient level.

Methods: We assessed treatment-mediated changes in verbal learning and PDCP expression in
17 patients with PD without dementia who underwent cognitive testing and metabolic imaging in
the unmedicated and levodopa-treated conditions. We also determined whether analogous
changes were present in 12 other patients with PD without dementia who were evaluated before
and during the treatment of cognitive symptoms with placebo.

Results: Levodopa-mediated changes in verbal learning correlated with concurrent changes in
PDCP expression (r � �0.60, p � 0.01). The subset of patients with meaningful cognitive im-
provement on levodopa (n � 8) exhibited concurrent reductions in PDCP expression (p � 0.01)
with treatment; network modulation was not evident in the remaining subjects. Notably, the
levodopa cognitive response correlated with baseline PDCP levels (r � 0.70, p � 0.002). By
contrast, placebo did not affect PDCP expression, even in the subjects (n � 7) with improved
verbal learning during treatment.

Conclusions: These findings suggest that cognitive dysfunction in PD may respond to treatment
depending upon the degree of baseline PDCP expression. Quantification of treatment-mediated
network changes can provide objective information concerning the efficacy of new agents di-
rected at the cognitive manifestations of this disease. Neurology® 2011;77:858–865

GLOSSARY
PD � Parkinson disease; PDCP � Parkinson disease–related cognitive pattern; PDRP � Parkinson disease–related motor
pattern; PLNR � verbal learning nonresponder; PLR � verbal learning responder; RCI � Reliable Change Index; RMANOVA �
repeated-measures analysis of variance; UPDRS � Unified Parkinson’s Disease Rating Scale.

Although Parkinson disease (PD) is defined clinically by its motor manifestations, substantial
cognitive difficulties are also evident.1,2 Cognition can be further affected by dopaminergic
therapy, improving or impairing different aspects of cognitive functioning.3,4 Indeed, the vari-
ability of these effects suggests that the cognitive response to dopaminergic treatment is deter-
mined by subject-specific factors such as baseline learning capacity.5,6

Resting state imaging studies of cerebral function in PD have proven valuable in delineating
the effects of treatment at the network level.7 Spatial covariance analysis of resting metabolic
imaging data has been used to characterize PD-related motor and cognitive patterns (PDRP
and PDCP, respectively).8 Normalization of baseline abnormalities in PDRP expression has
been found to be a consistent feature of therapeutic interventions directed at PD motor symp-
toms.7,9–11 However, it is not known whether treatment-mediated changes in cognitive func-
tioning in patients with PD are associated with reductions in PDCP expression. While
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treatment-mediated PDCP modulation has
not been demonstrated at the group mean
level,8 baseline-dependent functional responses
are still possible.6 For this reason, we explored
the cognitive impact of levodopa in patients
with PD at the individual subject level. In this
study, we used neuropsychological testing in
conjunction with metabolic brain imaging to
determine 1) whether cognitive improvement
with levodopa was associated with a signifi-
cant degree of PDCP modulation, 2) whether
the cognitive response to levodopa correlated
with baseline levels of PDCP expression, and
3) whether analogous network changes oc-
curred when the cognitive response was elic-
ited through the administration of a placebo.

METHODS Study 1: Network correlates of the cogni-
tive response to levodopa. Hypothesis. In individual patients
with PD, the cognitive response to levodopa is associated with spe-
cific treatment-mediated changes in PDCP expression. The magni-
tude of this response is determined by the degree of pattern
expression present in the baseline unmedicated condition.

Subjects and procedures. We studied 17 right-handed pa-
tients with PD without dementia (14 men and 3 women;
mean � SD age 58.4 � 8.2 years) who underwent repeat psy-
chometric testing and 18F-fluorodeoxyglucose (FDG) PET on
and off levodopa treatment. These evaluations were conducted
in 2 one-day sessions (“on” on 1 day; “off ” on the other) as
described elsewhere.9,11 In each session, the subjects underwent
FDG PET imaging in 3-dimensional mode using the GE Ad-
vance tomograph (General Electric Medical Systems, Milwau-
kee, WI) at North Shore University Hospital. The details of the
scanning procedure are provided elsewhere.9,12 The studies were
performed in an awake resting state, with the subjects’ eyes open
in a dimly lit room and with minimal auditory stimulation.

Following scan preprocessing, individual images were non-
linearly warped into Talairach space using a standard PET tem-
plate, and smoothed with an isotropic Gaussian kernel (10 mm) in

all directions to improve the signal-to-noise ratio. Single case com-

putations were performed to quantify PDCP and PDRP expression

in each subject/condition using an automated voxel-wise procedure

(available at http://www.fil.ion.ucl.ac.uk/spm/ext/#SSM), as de-

scribed elsewhere.12–14 Network values were z-scored with reference

to healthy controls as described previously.8,12,14,15

Behavioral assessment. In each session, the subjects were

rated according to the motor portion of the Unified Parkinson’s

Disease Rating Scale (UPDRS).16 The cognitive response to

treatment was assessed using the standard administration of the

verbal learning paradigm.17 In PD, this neuropsychological test

has been used to document cognitive dysfunction at early clinical

stages of the disorder and to predict the subsequent development

of dementia in these patients.2,18 Because this paradigm does not

have a substantial motor component, changes in performance

with antiparkinsonian interventions are considered to be specific

for cognitive treatment effects.

Overall, verbal learning performance in each treatment con-

dition was quantified as the sum across trials; this measure was

z-scored with respect to age-matched normative data.17 In addi-

tion to providing a behavioral covariate for correlation with

treatment-mediated changes in PDCP expression, this measure

was used to divide the subjects into 2 cognitive response catego-

ries. This was accomplished by computing the Reliable Change

Index (RCI)19,20 for the verbal learning performance measure as

described in appendix e-1 on the Neurology® Web site at

www.neurology.org. An observed verbal learning response above

the RCI cannot be ascribed to measurement imprecision (test-

retest variability) or to between-session practice effects.

Based on the computed RCI of �0.44 units for the verbal

learning test, each of the 17 levodopa recipients was classified

dichotomously as either having a positive verbal learning treat-

ment response or not. In 8 of these participants, the observed

treatment-mediated change in verbal learning was above RCI

threshold (�0.44 units). These subjects were classified as re-

sponders (LDR). In the remaining 9 levodopa recipients, the ver-

bal learning changes did not exceed criterion (�0.44 units).

These subjects were classified as nonresponders (LDNR). The

LDR and LDNR subjects did not differ (p � 0.13) with respect

to their baseline age, duration, levodopa equivalent daily

dose,21–23 UPDRS motor score, verbal learning, and network ac-

tivity (table 1A).

Table 1 Baseline characteristics of the subjectsa

No. Age, y Duration
UPDRS
(motor)

Verbal
learning

PDRP
expression

PDCP
expression

A: Study 1: network correlates of
the cognitive response to levodopa

Responders 8 58.7 (5.9) 3.9 (4.6) 21.8 (7.6) �1.3 (1.1) 2.9 (1.7) 1.1 (0.9)

Nonresponders 9 58.1 (10.2) 5.1 (4.4) 25.1 (9.7) �0.4 (1.2) 1.9 (1.7) 0.4 (1.5)

Total 17 58.4 (8.2) 4.5 (4.4) 23.5 (8.7) �0.8 (1.2) 2.4 (1.7) 0.7 (1.3)

B: Study 2: network changes in
response to placebo

Responders 7 61.9 (7.9) 4.8 (7.1) 30.9 (15.9) �1.7 (0.8) 2.1 (0.9) 1.0 (0.4)

Nonresponders 5 62.8 (12.9) 4.0 (2.0) 29.2 (6.6) �0.8 (1.1) 1.6 (1.3) 0.9 (1.0)

Total 12 62.3 (9.7) 4.5 (5.4) 30.2 (12.4) �1.3 (1.0) 1.9 (1.1) 1.0 (0.7)

Abbreviations: PDCP � Parkinson disease–related cognitive pattern; PDRP � Parkinson disease–related motor pattern; UPDRS � Unified Parkinson’s
Disease Rating Scale.
a Values are mean (SD).
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Data analysis. Relationships between verbal learning and
PDCP/PDRP expression were assessed by computing Pearson
product-moment correlations between 1) baseline measures of ver-
bal learning performance [LD(�)] with the corresponding network
values; 2) treatment-mediated changes in verbal learning [LD(�) �

LD(�)] with corresponding changes in pattern expression; and 3)
treatment-mediated verbal learning changes [LD(�) � LD(�)]
with baseline network values. The effects of both networks on the
changes in verbal learning performance were assessed using multiple
regression analysis. Correlations were considered significant for p �

0.01, correcting for multiple independent observations.
Network modulation with levodopa was further evaluated by

comparing treatment-mediated changes in PDCP/PDRP expres-
sion in verbal learning responders with the corresponding
changes in nonresponders (i.e., LDR vs LDNR). This was done
using repeated-measures analysis of variance (RMANOVA) fol-
lowed by post hoc Bonferroni tests. The results were considered

significant for p � 0.05 (2-tailed).

Study 2: Network changes in response to placebo. Hy-
pothesis. PDCP modulation can also be seen during the treat-
ment of PD cognitive symptoms with placebo.

A separate group of 12 right-handed patients with PD with-
out dementia (8 men and 4 women; age 62.3 � 9.7 years) were
also assessed with repeat cognitive testing and metabolic imaging
conducted in 2 1-day sessions: at baseline [PL(�)] and again

after 2 months of daily placebo treatment [PL(�)] as part of a

small randomized clinical trial of an acetylcholinesterase inhibi-

tor for PD cognitive symptoms.24 In this blinded study, the par-

ticipants were told that the medication being investigated was

designed to treat the cognitive and not the motor manifestations

of the disorder and that there was an equal chance of receiving

active drug or placebo. The demographic features of these sub-

jects are presented in table 1B.

The same RCI criterion that was used in study 1 was applied

to each subject. Seven of the subjects were classified as verbal

learning responders (PLR); the remaining 5 subjects were classi-

fied as verbal learning nonresponders (PLNR). The PLR and

PLNR subgroups (table 1B) did not differ with respect to the

baseline measures listed above (p � 0.14). Network modulation

with placebo was evaluated by comparing treatment-mediated

changes in PDCP/PDRP expression in verbal learning respond-

ers (PLR) with those changes in nonresponders (PLNR) using

RMANOVA as described above.

Standard protocol approvals, registrations, and patient
consents. Ethical permission was obtained from the Institu-

tional Review Board of North Shore University Hospital. Writ-

ten consent was obtained from each subject after detailed

explanation of the procedures.

RESULTS Network correlates of the response in
verbal learning to levodopa. Pairwise correlations be-
tween baseline measures of verbal learning and net-
work activity, and between treatment-mediated
changes in these variables, are presented in table 2. In
the levodopa group (table 2A), a correlation (r �

�0.70, p � 0.001) was present between baseline
measures of verbal learning and PDCP expression
(figure 1A, left). A correlation (r � �0.60, p � 0.01)
was also noted between levodopa-mediated changes
in verbal learning and those in PDCP expression,
such that improvement in verbal learning with
levodopa was associated with PDCP reductions.
Changes in verbal learning with levodopa did not corre-
late with concurrent changes in UPDRS motor ratings
(r � 0.32, p � 0.21). Multiple linear regression re-
vealed that the levodopa-mediated changes in verbal
learning correlated with changes in PDCP expression
(p � 0.02) but not with concurrent PDRP changes
(p � 0.09). Additionally, levodopa-mediated verbal
learning responses were found to correlate (r � 0.70,
p � 0.002) with baseline PDCP values (figure 1B),
such that higher baseline network activity was associ-
ated with greater improvement in verbal learning
during treatment. When baseline values for the 2
networks were entered together into a multiple regres-
sion model to predict levodopa-mediated changes in
verbal learning, a correlation with cognitive outcome
was present with PDCP (p � 0.02) but not with PDRP
expression (p � 0.80).

Comparison of verbal learning responders and nonre-
sponders to levodopa. Based on the RCI criterion
specified above, the levodopa recipients were subdi-

Table 2 Pairwise correlations between verbal learning performance and
network activitya

Baseline Change

PDCP PDRP Verbal learning PDCP PDRP

A: Study 1: network
correlates of the cognitive
response to levodopa

Baseline

Verbal learning �0.70b,c �0.63b,c �0.67b,d 0.54e 0.26

PDCP 0.77b,c 0.70b,d �0.45 �0.06

PDRP 0.50e �0.06 �0.34

Change

Verbal learning �0.60b,d �0.45

PDCP 0.18

B: Study 2: network
changes in response
to placebo

Baseline

Verbal learning �0.60e �0.55 �0.59e 0.06 �0.24

PDCP 0.80b,c 0.17 �0.23 �0.31

PDRP 0.06 0.08 �0.20

Change

Verbal learning 0.32 0.32

PDCP 0.64e

Abbreviations: PDCP � Parkinson disease–related cognitive pattern; PDRP � Parkinson
disease–related motor pattern.
a Values are Pearson product-moment correlations.
b Considered significant after correction for multiple comparisons.
c p � 0.001.
d p � 0.01.
e p � 0.05.
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vided into verbal learning responders (LDR: n � 8)
and nonresponders (LDNR: n � 9). As expected,
these 2 subgroups (figure 2A) differed in the effects
of levodopa on verbal learning performance (F1,15 �
20.53, p � 0.0005; 2 � 2 RMANOVA, interaction
effect). At baseline (table 1A), verbal learning scores
were �1.27 � 0.40 and �0.36 � 0.40 (mean � SE,
p � 0.13) for the verbal learning responders and
nonresponders, respectively. The change in perfor-
mance with levodopa treatment (figure 2A) was
1.00 � 0.18 for the verbal learning responders (p �
0.001; post hoc test) and �0.34 � 0.23 for the ver-
bal learning nonresponders (p � 0.11). Additionally,
the LDR and LDNR subgroups differed in the degree
of PDCP change (figure 2B) that occurred with
treatment (F1,15 � 5.86, p � 0.03; 2 � 2
RMANOVA, interaction effect). At baseline, PDCP
expression was 1.09 � 0.32 and 0.36 � 0.51 for the
LDR and LDNR subjects, respectively. With
levodopa treatment, the LDR exhibited a reduction
in PDCP expression (�0.76 � 0.22, p � 0.008;
post hoc test), whereas there was no corresponding
change (�0.07 � 0.26, p � 0.78) in their nonre-
sponder counterparts.

In contrast to the observed differences in the ver-
bal learning response to levodopa, treatment-
mediated motor responses were similar for the 2
subgroups (F1,15 � 0.16, p � 0.69; 2 � 2

RMANOVA, interaction effect). Levodopa resulted
in improvement in UPDRS motor ratings in both
subgroups (LDR �7.00 � 1.45, p � 0.002; LDNR

�8.06 � 2.13, p � 0.001; post hoc tests). These
changes were accompanied by concurrent reductions
in PDRP expression (figure 2C) in both verbal learn-
ing response subgroups (R: p � 0.001, NR: p �

0.03; post hoc tests). Nonetheless, the degree of
levodopa-mediated PDRP modulation was found to
be greater in verbal learning responders relative to
nonresponders (F1,15 � 16.85, p � 0.001; 2 � 2
RMANOVA, interaction effect). The results of a
voxel-based comparison of the LD(�) and LD(�)
scan data are provided in appendix e-2 (includes
table e-1 and figure e-1).

Relationship between network activity and the response of

verbal learning to placebo. In the separate group of pa-
tients with PD who were examined before and after
receiving placebo treatment for cognitive symptoms (ta-
ble 2B), baseline verbal learning measures also corre-
lated (r � �0.60, p � 0.04) with corresponding PDCP
values (figure 1A, right). In contrast to levodopa treat-
ment, there was no correlation between placebo-
mediated changes in verbal learning and those in PDCP
(r � 0.32, p � 0.32) or PDRP (r � 0.32, p � 0.31)
expression. Similarly, the observed changes in verbal
learning performance did not correlate with baseline

Figure 1 Correlation between baseline measures of cognitive performance and Parkinson disease–related cognitive pattern (PDCP) activity

(A) Relationship between baseline verbal learning performance and PDCP expression in the levodopa (left) and placebo (right) treatment groups. At base-
line, higher PDCP expression was associated with more impaired verbal learning performance in both treatment groups. Squares and triangles refer
respectively to cognitive responders (R) and nonresponders (NR) to treatment; see Methods. (B) Relationship between baseline PDCP expression and
levodopa-mediated changes in verbal learning performance. Higher baseline PDCP scores correlated with greater improvement in cognitive functioning
during levodopa treatment. The horizontal dashed line represents the cutoff (�0.44) for meaningful treatment-mediated change in verbal learning based
on the reliable change index (see text). The vertical dashed line represents the baseline PDCP value (�1.01) that corresponded to this behavioral
response cutoff. Baseline measures of network activity above this value were found to be associated with improved cognitive functioning during
levodopa treatment.
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measurements of network activity (PDCP: r � 0.17,
p � 0.58; PDRP: r � 0.06, p � 0.86).

Subjects receiving placebo were subdivided into
verbal learning responders (PLR: n � 7) and nonre-
sponders (PLNR: n � 5) according to the same RCI
criterion used to classify the levodopa recipients (see
above). As defined, the 2 groups (figure 3A) exhib-
ited differing verbal learning responses to placebo
(F1,10 � 15.54, p � 0.003). At baseline (table 1B),
mean verbal learning was �1.66 � 0.31 and
�0.80 � 0.47 (mean � SE, p � 0.14) for the verbal
learning responders and nonresponders, respectively.
The mean change in verbal learning with placebo was
1.40 � 0.29 (p � 0.001; post hoc test) for the PLR

and �0.04 � 0.14 (p � 0.89) for the PLNR. Of
note, the treatment-mediated change in verbal learn-
ing performance observed in the PLR group did not
differ from that seen in the verbal learning respond-
ers to levodopa (LDR � 1.00 � 0.18, p � 0.24).

Although significant changes in verbal learning per-
formance were evident in the PLR group, there was no
accompanying effect of placebo treatment on PDCP
expression (PLR: p � 0.32, PLNR: p � 0.19; post hoc
tests, figure 3B). Likewise, there was no placebo-
mediated change in PDRP expression in either group
(PLR: p � 0.85, PLNR: p � 0.14; figure 3C). The re-
sults of a voxel-based comparison of the PL(�) and
PL(�) scan data are provided as appendix e-2.

DISCUSSION In this study we show that dopami-
nergic treatment can improve verbal learning perfor-
mance in patients with PD without dementia with
baseline elevations in resting PDCP activity. That is,
the cognitive response to levodopa was found to cor-

relate with individual differences in baseline PDCP
activity. In support of our first hypothesis, the cogni-
tive changes associated with levodopa treatment par-
alleled the degree of PDCP modulation that was
concurrently observed in the same subjects. Indeed,
the LDR subjects, who had a meaningful improve-
ment in verbal learning with levodopa, exhibited a
significant reduction in this network abnormality dur-
ing treatment. That said, levodopa-mediated PDCP
modulation was not evident in the LDNR subjects, who
did not exhibit cognitive improvement with treatment
despite concurrent reductions in PDRP activity. None-
theless, contrary to our second hypothesis, PDCP ex-
pression was not changed with placebo treatment, even
in the PLR subjects, who exhibited treatment-mediated
improvement in verbal learning that was not different
from the cognitive responders to levodopa (p � 0.24).
Indeed, the frequency of cognitive responders was simi-
lar for the 2 treatment groups (p � 0.55, �2). In aggre-
gate, the results suggest that the PDCP, a distinct
metabolic cognition-related network associated with
cognitive functioning in PD, can be modulated by do-
paminergic therapy. By contrast, placebo treatment can
give rise to cognitive benefit without concomitant
PDCP modulation.

Stratification of the levodopa recipients according
to their verbal learning response highlights the com-
plex relationship that exists between changes in do-
paminergic neurotransmission, PDCP expression,
and cognitive functioning in patients with PD with-
out dementia. The effects of levodopa treatment on
verbal learning and network activity proved to be in-
dividually variable in that not all subjects exhibited

Figure 2 Cognition-related responses to levodopa treatment: Network effects

(A) Changes in verbal learning performance with levodopa treatment differed (p � 0.001; 2 � 2 repeated-measures analysis of variance [RMANOVA], see
Results) in cognitive responders (LDR; n � 8) and nonresponders (LDNR; n � 9). (B) Levodopa-mediated changes in Parkinson disease–related cognitive
pattern (PDCP) expression differed for cognitive responders and nonresponders (p � 0.03; 2 � 2 RMANOVA, interaction effect), with treatment-mediated
declines in the former (p � 0.008; post hoc Bonferroni test) but not the latter (p � 0.78). (C) Levodopa-mediated changes in Parkinson disease–related
motor pattern (PDRP) expression also differed for the 2 subgroups (p � 0.001; 2 � 2 RMANOVA, interaction effect). For this motor-related metabolic
network, levodopa-mediated reductions were present in both cognitive responders (p � 0.001; post hoc Bonferroni test) and nonresponders (p � 0.03).
*p � 0.05, **p � 0.01, ***p � 0.001, Student t tests for comparisons of network activity in each subgroup with corresponding healthy control values; see Methods.
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meaningful changes in these measures, which were
not evident at the group level.8 The patient subgroup
with improved cognitive functioning during levodopa
treatment concurrently demonstrated a significant
reduction in PDCP expression. Of note, these indi-
viduals displayed baseline abnormalities in task per-
formance, with an average verbal learning score that
was 1.3 SD below the normal mean, as well as a
comparable 1.1 SD elevation in PDCP activity. In
these cognitive responders, levodopa treatment cor-
rected the functional abnormalities that were present
at baseline. By contrast, patients who did not im-
prove cognitively with levodopa administration
(LDNR) exhibited baseline measures of verbal learning
performance and associated network activity that were
near normal. In these subjects, PDCP expression did
not change significantly during levodopa treatment, de-
spite a concurrent reduction in PDRP activity. Of note,
2 subjects exhibited substantial declines in verbal learn-
ing performance (�1 SD) with levodopa administra-
tion (figure 1B). Given that these individuals also
exhibited the lowest (most normal) PDCP scores at
baseline, it is possible that they experienced an “over-
dose” effect. While consistent with an inverted-U rela-
tionship between dopamine and cognition,25 more data
will be needed to substantiate such a possibility.

Interestingly, although the levodopa recipients all
improved motorically with treatment, those with the
greatest cognitive response also had a greater degree
of motor network (PDRP) modulation. The observa-
tion that patients with significant cognitive response
(LDR) had more pronounced baseline verbal learning
deficits, as well as relatively greater pretreatment
PDCP and PDRP expression, suggests that the spa-

tial extent of neurodegenerative change in the sub-
stantia nigra pars compacta is greater in these
subjects. That is, in verbal learning responders, nigral
cell loss is likely to extend beyond the “motoric” ven-
trolateral zone to involve the more “cognitive” dorso-
medial aspect of this structure.26 This is expected to
impact negatively on baseline cognitive functioning by
reducing dopaminergic input to the caudate nucleus,
with consequent changes in learning-related neural acti-
vation in the dorsolateral prefrontal cortex.27

It is well appreciated that substantial improve-
ments in performance can occur in patients with PD
treated with placebo.28,29 Thus, it is conceivable that
the observed changes in verbal learning and PDCP
activity are a manifestation of the placebo effect,
rather than actual levodopa treatment. To examine
this possibility, we evaluated a separate group of 12
patients who received placebo treatment as part of a
blinded clinical trial of cholinesterase inhibition for
cognitive dysfunction in PD. Of these subjects, 7 ex-
hibited an improvement in verbal learning in re-
sponse to placebo that was comparable in magnitude
to that observed in their LDR counterparts. None-
theless, despite achieving substantial improvement in
verbal learning (mean change � 1.4 SD) with pla-
cebo, these individuals did not exhibit the significant
PDCP changes seen with levodopa pharmacother-
apy. This suggests that the network changes observed
with levodopa treatment are unlikely to be a conse-
quence of the placebo effect.

The current findings suggest that the PDCP met-
abolic network may be a viable biomarker for the
assessment of treatment-mediated changes in cogni-
tive functioning in patients with PD without demen-

Figure 3 Cognition-related responses to placebo

(A) Changes in verbal learning performance differed for cognitive responders (PLR; n � 7) and nonresponders (PLNR; n � 5) to placebo (p � 0.003; 2 � 2
repeated-measures analysis of variance [RMANOVA], interaction effect). (B) Treatment-mediated changes in Parkinson disease–related cognitive pattern
(PDCP) expression did not differ for cognitive responders and nonresponders to placebo (p � 0.11; 2 � 2 RMANOVA, interaction effect). Network activity
did not change with placebo in either response subgroup (p � 0.19). (C) There was also no change in Parkinson disease–related motor pattern (PDRP)
expression with placebo treatment (p � 0.14) in either response subgroup. *p � 0.05, **p � 0.01, ***p � 0.001, Student t tests for comparisons of network
expression in each subgroup to healthy control values.
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tia. In contrast to our prior group study,14 the current
findings indicate that when assessed at the individual
subject level, PDCP expression is sensitive to the
change in cognition that occurred during levodopa
treatment for the motor manifestations of the dis-
ease. Although levodopa is not viable as an effective
treatment for PD cognitive dysfunction, the data il-
lustrate how this network can serve as an objective
biomarker of the cognitive response to treatment.
The utility of PDCP quantification in clinical trials
of new agents directed at the cognitive manifesta-
tions of PD is further highlighted by the absence of a
discernible placebo effect on this measure.

The observation that the degree of treatment-
mediated cognitive change is correlated with baseline
network activity suggests the potential utility of this
measure at the individual subject level. In our sam-
ple, patients with PD were more likely to experience
an improvement in verbal learning performance with
levodopa if PDCP expression is elevated at baseline.
Indeed, the majority of verbal learning responders to
levodopa were found to have baseline PDCP scores
greater than 1.01 (i.e., greater than 1 SD above the
normal mean), which corresponds to the prespecified
RCI threshold of 0.44 (figure 1B, dashed lines). By
contrast, individuals with small, or even negative,
PDCP values would be less likely to improve with
treatment. Indeed, as can be seen in the lower left-
hand quadrant of figure 1B, the 2 subjects with
negative PDCP values exhibited substantial wors-
ening (declines greater than 1 SD) in verbal learn-
ing performance with levodopa treatment.
Whether the predictive value of baseline PDCP
expression applies solely to dopaminergic treat-
ment or has utility in the assessment of other in-
terventions targeting cognitive symptoms of PD is
a topic for future study.
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Historical Abstract: April 1, 1972

THE TREATMENT OF MIGRAINE WITH PROPRANOLOL

Ronald B. Weber and Oscar M. Reinmuth

Neurology 1972;22:366–369

Within recent years a variety of agents have been employed for the symptomatic and prophylactic treatment of the migraine syndrome.
The responses to two such agents, ergot derivatives and methysergide, have often been so striking as to have achieved the stature of
diagnostic criteria. Despite this fact, a number of migraine sufferers remain without effective therapy because either they are not
benefited by these drugs or they cannot risk or tolerate the side effects produced by them.

Free Access to this article at www.neurology.org/content/22/4/366

Comment from Robert A. Gross, MD, PhD, FAAN, Editor-in-Chief: Before triptans, this was an important treatment option for
migraine.
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