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Background: Creativity is a multidimensional phenomenon and an important
component of human capacities. This ability is characterized by the involvement of several
cognitive functions particularly linked to the prefrontal cortex. We compared divergent
thinking, a measure of creativity, in patients affected by progressive supranuclear palsy
(PSP), other parkinsonian syndromes, and healthy controls (HCs).

Methods: Creativity features were evaluated using the Abbreviated Torrance Test for
Adults (ATTA). Consecutive PSP outpatients were screened for inclusion. Then, patients
with multiple system atrophy (MSA) and Parkinson’s disease (PD) and a group of HC
were studied. All groups have preserved cognitive functions and were matched for gen-
der, education, disease duration, and age at onset with exception of PD patients who
were matched by disease severity rather than disease duration.

Results: PSP patients were characterized by lower values in total ATTA and all subscales
than HC and both MSA and PD patients. No differences were found comparing HC
versus both MSA and PD patients. PSP patients were characterized by more impaired
frontal functioning [assessed by means of Frontal Assessment Battery (FAB)] than HC
and both PD and MSA patients.

Conclusion: In the present study, ATTA was significantly lower in PSP patients than in
the other study groups. The worst performance in ATTA-total score and the lower score
in FAB in PSP patients support the role of frontal function in creative processes.

Keywords: creativity, divergent thinking, parkinsonism, progressive supranuclear palsy, multiple system atrophy,
Parkinson’s disease, Torrance test

INTRODUCTION

Creative skills and creative process are still a fascinating, but unresolved topic up for debate as regards
a variety of brain diseases (in particular, stroke and neurodegenerative diseases). It is known as the
ability “to understand, develop and express in a systematic, novel orderly relationship” and also “to
generate ideas that are both novel and useful in a particular social setting” (1, 2). Guilford assimilated
creativity with divergent thinking (DT) which is the ability to generate a number of ideas that are
useful to solve particular problems (3).

Measurement of creativity is crucial in order to be able to study and understand the phenomenon.
One approach is to measure DT, which includes a number of aspects, such as fluency, flexibility,
originality, and elaboration (4). Although DT is not the equivalent of creativity, it has frequently
been used as a surrogate measure of creative cognition both in healthy controls (HCs) and different
patients, such as those with cerebrovascular disease (5), or neurodegenerative diseases (6, 7). Also
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neuropsychological examinations are an effective approach for
investigating creative skills. They are valid tools to establish which
cognitive functions and brain regions are involved. Although
creativity is an important component of human capacities, the
interest in this field has recently grown and the underlying
mechanisms and neural correlates have not been completely
elucidated. This ability, expressed in different domains (i.e., arts,
technology, and science) is characterized by the involvement of
several higher cognitive functions (particularly, executive func-
tions) linked to the prefrontal cortex (PFC): mental-set shifting,
inhibitory control, and updating working memory (8).

Nevertheless, inconclusive results link executive functions and
creativity. Miller et al. (9) have studied patients with semantic
variants of frontotemporal lobar degeneration (FTLD), who
created works of art in spite of severe degeneration of striatal,
temporal, and left inferior frontal-insular regions. On the other
hand, significant deterioration of creative ability was observed
in frontal variants of FTLD (10). In addition, heterogeneity in
creative thinking has been observed in other neurodegenerative
diseases, such as Alzheimer’s disease, Lewy bodies disease, and
stroke affecting a number of different brain areas, which may be
characterized by variable involvement of the PFC (11). Taken as
a whole, these data suggest that the integrity of PFC is associated
with creative skills.

In addition, DT—which is affected by mesolimbic dopa-
mine—may be influenced or triggered by the use of psychotropic
substances. This has recently been studied in Parkinson’s disease
(PD) patients (7-12), in whom dopaminergic drugs seem to be
able to enhance verbal and visual creative thinking. However, the
observations support the idea that dopaminergic treatment may
enhance the drive to create with no significant influence on DT
itself (13, 14).

There are also other neurodegenerative diseases that are
characterized by different types of cortical and subcortical dys-
function, dysregulation of dopamine circuitries, and response
to dopaminergic therapy. Progressive supranuclear palsy (PSP),
a predominant 4-repeat tauopathy, is characterized by midbrain
atrophy, as well as atrophy of the internal pallidum, subthalamic
nucleus, thalamus, and frontal cortex resulting in rigid-akinetic
syndrome, ocular motor dysfunction, postural instability and
falls, frontal signs, and bulbar dysfunction (15). No therapeutic
strategies are available and dopaminergic treatment is almost
ineffective. Specific cognitive domains are affected in PSP patients
and include behavioral change (apathy, impulsivity, irritability)
(16,17), executive deficits (18, 19), verbal fluency (20,21), memory
(22), and social cognitive deficits (18). Cognitive impairment is
evident also in PSP patients not identified as demented by means
of Mini-Mental State Examination (MMSE) (19). Multiple system
atrophy (MSA), an a-synucleinopathy, is a disorder with com-
bined manifestations of parkinsonism, autonomic failure, and
cerebellar ataxia. It is characterized by neuropathological changes
involving subcortical (basal ganglia) and cortical structures (23).
Symptomatic therapeutic strategies are lacking although mild and
temporary responses to dopaminergic stimulation are observed
in some cases. Although the presence of cognitive decline has
been considered as an exclusion criterion for MSA (24-26), in
more recent works, it was found to be present also in the early

phase of the disease (18-27). As suggested by neuropsychological
studies (18-28), executive dysfunction is the prominent cognitive
disturbance in MSA (both parkinsonian and cerebellar variant).
Neuroimaging and postmortem findings support the involvement
of frontal, temporal and parietal regions in MSA cases (29, 30).
Of note, cognitive impairment, particularly executive dysfunc-
tion, is prominent in PSP and MSA. Cognitive decline largely
overlaps in PSP and MSA and only quantitative differences may
clinically discriminate between the two diseases (31). Executive
abilities are relevant for creative thought as suggested in the work
of Benedek et al. (32). Moreover, executive functions seem to be
linked to frontal areas both in functional and structural terms
(33). To further explore the involvement of executive functions
in creative abilities measured by means of DT, we decided to test
patients with PSP in comparison with patients suffering from
other parkinsonian diseases (MSA and PD) and with HC.

MATERIALS AND METHODS

Patient/Subject Selection

We conducted a prospective case—control study at the outpatient
clinic of the Parkinson Institute (ASST Gaetano Pini-CTO, Milan,
Italy). First, consecutive PSP patients were included according to
the criteria of the National Institute of Neurological Disorders
and Stroke/Society for the diagnosis of Progressive Supranuclear
Palsy (NINDS/SPSP) (24). Then, we recruited two additional
groups of patients: patients with MSA [matched (1:1) by gender,
disease duration (+1 year), age at onset (+1 year), and education
(+1year)] and PD [matched (1:1) by gender, education (+1 year)],
age at assessment (+1 year), and disease severity (Hoehn-Yahr
stage)] (34). PD patients could not be matched by disease dura-
tion due to the more benign course of the disease. Also a group
of HC [matched (1:1) by gender, education (+1 year), and age at
assessment (+1 year)] was studied.

Probable MSA was diagnosed according to the criteria
provided in the second consensus statement on the diagnosis of
MSA idiopathic PD was diagnosed in agreement with the UK PD
Society Brain Bank criteria (35). All patients underwent magnetic
resonance imaging to exclude alternative diagnoses, such as vas-
cular parkinsonism or normal pressure hydrocephalus (36). We
excluded patients with severe deficits which precluded the execu-
tion of the neuropsycological evaluation, i.e., severe dysarthria,
severe bradykinesia, and rigidity with the impossibility of writing
and drawing. We also excluded patients on antipsychotic and
antidepressant therapy (6). Also patients with a positive history
of impulsive-compulsive behavior were excluded (37).

Dementia (as assessed by MMSE score > 24/30 points) (38, 39)
was an exclusion criterion for all patients and HC and nobody had
been a professional artist or had been creating works of art as a
hobby in the past. Patients treated with neurosurgical procedures
(mainly deep brain stimulation) were excluded and none of the
HC included was a caregiver or family member of study patients.

Measurements

The Abbreviated Torrance Test for Adults (ATTA) (4) was used
to assess creativity. Specifically, the test is used to investigate four
factors of creative thinking: Flexibility (a kind of thinking that
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allows an exchange of ideas and strategies, and the ability to pass
from one category to another), Fluency (the ability to conceive
many ideas and hypotheses without focusing on their quality,
which is potentially useful in problem solving), Originality (the
capacity to find unusual and rare answers), and Elaboration (the
ability to further develop a concept by adding new elements).

A visuospatial task [Clock Drawing Test (CDT)] (40) and a
frontal functions battery [Frontal Assessment Battery (FAB)] (41)
were also administered. All tests were administered by trained
psychologists, expert in movement disorders, in the morn-
ing hours, 90 min after the last dose of dopaminergic therapy.
Patients who were not undergoing dopaminergic therapy were
tested during their best condition.

On the same day, clinical work-up included the evaluation of
disease severity and motor functions (in worst “OFF” conditions)
by means of the Hoehn and Yahr (H&Y) staging system (34) and
the Unified Parkinson Disease Rating Scale (UPDRS) part III
(motor score) (42), respectively. Although specific scales for PSP
(PSP rating scale) and MSA (UMSARS) are available (43, 44), we
used UPDRS partIII to measure and compare disability conditions
between the different neurodegenerative diseases. Information on
dopaminergic treatment was also recorded in all study groups and
doses of dopaminergic medication were converted to equivalent
levodopa-equivalent daily doses (LEDDs) (45).

Statistical Analysis

Sample size was calculated on the difference in primary outcome
variable (ATTA total score) between PSP patients and HCs.
Considering a meaningful difference in total ATTA score of at
least 20 points and a common SD of 18 points (13), the sample
size sufficient to have a power of 80% with a type I error of 5% is
13 patients in each group.

Continuous variables were reported as mean and SD and
compared between groups using the Student’s t-test for paired
data with exception of the comparison with CBS patients (test
for unpaired data). Specifically, we compared PSP patients to HC
and other parkinsonian syndromes. The comparison between HC
and other types of parkinsonian syndromes was also investigated.
Categorical variables were presented as count and percentage.

Finally, correlations between test scores were analyzed using
Kendall’s tau test.

All data were analyzed using MedCalc Statistical Software ver-
sion 16.8.4 (MedCalc Software bvba, Ostend, Belgium), setting
the level of significance at a two-tailed P-value of <0.05.

Ethics
The study was performed in agreement with the principles of
the Declaration of Helsinki and the protocol was approved by
the local Ethics Committee (Protocol 272-2010). We obtain
written informed consent from every patient and control subject
recruited.

RESULTS

Demographic and clinical characteristics of the study groups are
shown in Table 1. As expected, taking into account the less severe
progression of PD and the decision to match by disease severity,
PD patients were characterized by younger age at onset and longer
disease duration. No differences were found in motor disability
between PSP and other parkinsonian syndromes. Most PSP, MSA
and PD patients were on dopaminergic therapy, mainly levodopa
(9, 10, and 13 patients, respectively), while a substantial number
of PD patients were receiving a dopamine agonist (7 patients).
Results of neuropsychological tests are presented in Table 2. In
the absence of cognitive deterioration, as assessed by MMSE, PSP
patients were characterized by more impaired frontal function-
ing (FAB) than HC and both PD and MSA patients. Significantly
lower values (P < 0.05) in FAB were observed in MSA patients
compared to controls. MSA patients showed also lower CDT
score than HC (P < 0.05). Data regarding creativity, as assessed
by ATTA, are reported in Table 3. With the exception of the com-
parison in fluency score between PSP and MSA, PSP patients were
characterized by lower values in total AT TA and all subscales than
HC and both MSA and PD patients. No differences were found
comparing HC versus both MSA and PD patients. Although the
patients included should have had normal cognitive functions,
the presence of cognitive alterations could not be fully excluded.
We therefore explored the possible relationship between DT

TABLE 1 | Demographic and clinical characteristics of the study groups.

PSP (N = 13) MSA (N =13) PD (N =13) HC (N = 13)
Male gender, N (%)? 7 (563.8) 7 (563.8) 7 (53.8) 7 (563.8)
Education (years), mean (SD)? 9.7 (3.8 10.6 (4.8) 10.5 (56.1) 10.5 (3-6)
Age at assessment (years), mean (SD)? 66.7 (4.3) 65.2 (6.2) 65.0 (11.9) 66.0 ( 2)
Disease duration (years), mean (SD)° 4.7 (1.7) 4.6 (2.4) 9.6 (6.4)
Age at onset (years), mean (SD) 62.0 (4.9) 60.3 (7.3) 55.0 (10.5) -
UPDRS-IIl, mean (SD) 42.2 (8.8) 36.8 (9.5) 34.7 (8.8) -
H&Y stage, mean (SD)° 3.5(0.7) 3.4 (0.6) 3.1(0.3) -
LEDDs (mg/die), mean (SD) 292 (262) 533 (472) 468 (257) -
Levodopa therapy, N (%)? 8(61.5) 10 (76.9) 9 (69.2) -
Dopamine agonist, N (%)* 1(7.7) 1(7.7) 7 (53.8) -
No dopaminergic therapy, N (%)? 4(30.8) 3(23.1) 1(7.7) -

PSF, progressive supranuclear palsy; MSA, multiple system atrophy; PD, Parkinson'’s disease; HC, healthy controls; LEDDs, levodopa equivalent daily dose; H&Y stage, Hoehn and

Yahr stage; UPDRS-IIl, Unified Parkinson Disease Rating Scale part lll (motor score).
2Common matching variable.

bAdditional matching variable for PSP and MSA patients.

cAddlitional matching variable for PD patients.
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TABLE 2 | Neuropsychological evaluation.

Test PSP (N = 13) MSA (N = 13) PD (N =13) HC (N = 13) P-value® P-value® P-value®
MMSE (score), mean (SD) 27.0(1.3) 26.8 (1.4) 26.9 (2.0) 26.7 (1.1) 0.72 0.90 0.35
MMSE —drawing copy (score), mean (SD) 0.4 (0.5 0.8 (0.4) 0.9 (0.3 1.0 (0.0) 0.027 0.003 0.001
FAB—adjusted score, mean (SD) 12.5(2.4) 14.8 (1.5) 15.0 (2.2) 16.1 (1.1) 0.019 0.022 <0.001
FAB—equivalent score, mean (SD) 0.5(0.7) 1.9(1.4) 2.5(1.5 3.2 (0.9 0.009 0.002 <0.001
FAB—lexical fluency, mean (SD) 1.6(1.0) 2.8(0.4) 2.5(0.9 2.5(0.5) 0.002 0.049 0.014
CDT (score), mean (SD) 3.3(1.3 2.8(1.2) 3.7(1.4) 4.2(1.1) 0.25 0.54 0.08
MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery; CDT, Clock Drawing Test.
2PSP vs. MSA by paired t-test.
bPSP vs. PD by paired t-test.
°PSP vs. HC by paired t-test.
TABLE 3 | Creativity features as assessed by the Abbreviated Torrance Test for Adults (ATTA).
Score PSP (N = 13) MSA (N = 13) PD (N =13) HC (N = 13) P-value® P-value® P-value®
Fluency, mean (SD) 7.3 (3.6) 9.7 (5.2 11.5 3.0 12.9(2.4) 0.24 0.005 0.001
Flexibility, mean (SD) 51(1.8 7.7(4.3 9.5(2.7) 10.5(2.6) 0.037 <0.001 <0.001
Originality, mean (SD) 5.8 (4.0) 10.5(6.3) 15.1 (6.0 14.7 (56.5) 0.016 <0.001 0.001
Elaboration, mean (SD) 8.2 (5.6) 17.2 (15.7) 19.3(9.5) 18.2 (8.6) 0.031 0.003 0.003
ATTA total, mean (SD) 26.4 (12.6) 45.2 (28.5) 55.4 (18.2) 56.3 (16.8) 0.025 <0.001 <0.001
PSP vs. MISA by paired t-test.
PPSP vs. PD by paired t-test.
°PSP vs. HC by paired t-test.
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FIGURE 1 | Exemplification of drawing test in the different study groups [(A) basic drawing; (B) progressive supranuclear palsy; (C) Parkinson’s disease; (D) multiple
system atrophy].

and specific cognitive subscores related to functions potentially
contributing to creativity: verbal fluency by FAB-lexical fluency
subscore and visual-constructional abilities by MMSE-drowing
copy subscore. PSP patients performed significantly worse than
all the other study groups (Figure 1), (Table 2). In addition,
at population level (all groups pooled), ATTA total score was
significantly correlated with both FAB-lexical fluency (t = 0.20;
P =0.034) and MMSE-design copy (T = 0.40; P < 0.001).

DISCUSSION

In the present study, DT, measured by means of ATTA, was sig-
nificantly lower in PSP patients than in the other study groups.
The worst performance in terms of ATTA-total, along with the

lower score in FAB, found in PSP patients suggests that frontal
function has an important role in creative processes.

The role of the frontal cortex in DT has been pointed out in
previous studies in HC. Regional cerebral blood flow measure-
ments were used in control subjects with high and low scores in
creative tests to study the functional organization of the cortex.
Highly creative subjects showed bilateral frontal activation during
DT tasks (46). Fink et al. (47) found frontal alpha synchronization
as a selective top-down inhibition process in HC during DT tasks
by means of the analysis of the alpha band of the electroencepha-
logram. Moreover, creativity requires cognitive abilities linked to
prefrontal regions of brain. Dietrich proposed four basic types of
creative insight occurring during two modes of thought (deliber-
ate and spontaneous) and two types of information (emotional
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and cognitive) (48). Transcranial magnetic stimulation over fron-
tal lobes can increase creativity in normal subjects (49). Flaherty
suggested a useful and simplified model that helps to characterize
the different contributions of the frontal, temporal and limbic sys-
tems (6). Trained musicians as creative group were investigated as
regards creativity and frontal cortical activity in two experimental
sets. In the first experiment, musicians showed convergent and
DT and scored higher in the Schizotypal Personality Scale when
compared with HC. In the second set, the authors observed
greater frontal activation in musicians than HC during DT
tasks at near-infrared spectroscopy (50). Although all patients
included in our study were non-demented according to MMSE
scores (inclusion criteria), significant differences were observed
in frontal functions evaluated by means of FAB, a bedside test of
executive functions, which includes abstract conceptualization,
fluency, sequencing, inhibition and interference with motor com-
mand (51). In agreement with a previous study (18), PSP patients
performed worse than other study groups. No differences were
evident among PD, MSA and HC groups. The most common cog-
nitive deficit in the majority of PSP patients concerns executive
function, which has been linked to the involvement of the medial
PFC (and the connections with the striatum) (52, 53). Verbal
fluency, incorporated in the FAB test, is impaired in PSP patients
and enables to discriminate between PSP and PD. Indeed, seven
or less P-words per minute suggests PSP (54-56). The severity of
executive dysfunction and the negative ATTA outcome observed
in PSP group provide further evidence suggesting a relationship
between frontal integrity and creative thought.

Clock Drawing Test was significantly worse than MSA when
compared to HC, likely due to more impaired visual-spatial abili-
ties (40-57). PD and PSP groups performed worse when compared
to HC, but data produced just a trend, no significant differences.
Besides, our results support the hypothesis of a lack rather than a
weak relationship between ATTA scores and dopaminergic treat-
ment, and point out the importance of the involvement of different
brain areas, including the frontal area, in the creative process. It
has been previously pointed out that dopaminergic treatment
is involved in the emerging of creative drive (7-14). Indeed, no
differences emerged in ATTA scores between HC (with no dopa-
minergic treatment) and both the PD and the MSA (most patients
were on dopaminergic therapy) group. On the contrary, significant
differences in creative tasks emerged between HC and PSP group,
although some PSP patients were on low-dose dopaminergic
therapy (69.2%). Nevertheless, owing to the small number of
patients included in the study, we cannot entirely exclude any
influence of dopaminergic treatment on ATTA between-group
comparisons. Therefore, the present study is consistent with previ-
ous observations that enhancement in creative activity may occur,
mainly in predisposed patients (13). Moreover, the results of this
study suggest that ATTA could be used as an additional diagnostic
tool to help differentiate PD from PSP.

Although the results are interesting, we are aware that our
study has some limitations. First, our sample size was relatively
small due to the rare nature of parkinsonisms and the inclusion
criteria. Therefore, the study groups included are not fully rep-
resentative of the patient populations. Particularly, it is known
that cognitive deficits are frequent in these patients (57) and we

included only patients without global cognitive deficits, with the
aim of identifying patients able to understand the tasks. Besides,
the study design and the matching procedure enabled us to
reduce the bias associated with potential confounders. Second,
we performed a brief, non extensive neuropsychological assess-
ment in order to avoid fatigue and attentional problems during
tests in patients with parkinsonism. However, based on previous
observations, a more detailed evaluation of neuropsychiatric
disorders (e.g., by means of neuropsychiatric inventory) would
have provided more information on cortical functions (58, 59).
Third, we are aware that creativity is not completely attributable
to the performance of the frontal cortex, as previous findings
have revealed the selective involvement of different brain regions
in diverse aspects of creativity (60). Finally, although the use of
clinical criteria (e.g., disease duration, response to levodopa)
and neuroimaging investigations improved the probability of a
correct diagnoses, diagnostic certainty can be achieved only by
pathological confirmation on postmortem tissue examination.
In conclusion, neurodegenerative diseases, such as PSP, MSA,
and PD, are characterized by the involvement of different brain
areas and the analysis of creative competence enables us to
speculate about the role played by these brain areas. Particularly,
PSP patients performed worse than the other patients, despite
having disease of similar severity and similar global cognitive
performances. These results suggest that creative accomplish-
ment requires most of all the integrity of the frontal areas, which
appear to play a prominent, albeit not exclusive role.

ETHICS STATEMENT

Ethics Committee: ASST-G Pini, Centro Specialistico Ortopedico
Traumatologico, Milano, Italy. The study was performed in agree-
ment with the principles of the Declaration of Helsinki and the
protocol was approved by the local Ethics Committee (Protocol
272-2010). We obtain written informed consent from every
patient and control subject recruited.

AUTHOR CONTRIBUTIONS

All the authors significantly contributed to the work, read, and
approved the final version of the manuscript. MC, MR, AR,
and VC contributed to study design. MC, AR, VC, and FM;
contributed to data collection. MC, MR, EC, AR, VC, and FM
contributed to data analyses and interpretation; contributed to
manuscript drafting. MC, MR, EC, AR, VC, and GP contributed
to critical revision of the manuscript.

ACKNOWLEDGMENTS

The authors wish to thank Dr. Jennifer S. Hartwig for assistance
in editing the manuscript. We thank all patients and families for
their contribution.

FUNDING

This work was supported by the “Fondazione Grigioni per il
Morbo di Parkinson” (Milan, Italy).

Frontiers in Neurology | www.frontiersin.org

October 2017 | Volume 8 | Article 534


http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive

Canesi et al.

Creativity in Parkinsonian Syndromes and HCs

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chakravarty A. The creative brain-revisiting concepts. Med Hypotheses (2010)
3:606-12. doi:10.1016/j.mehy.2009.10.014

Runco MA, Jaeger GJ. The standard definition of creativity. Creat Res J (2012)
1:92-6. doi:10.1080/10400419.2012.650092

Guilford JP. Creativity American Psychologist. New York: McGraw Hill (1950).
Torrance EP. The Torrance Tests of Creative Thinking (Norma-Technical
Manual). Bensenville, IL: Scholastic Testing Service (1974).

Lythgoe ME, Pollak TA, Kalmus M, De Haan M, Chong WK. Obsessive,
prolific artistic output following subarachnoid hemorrhage. Neurology (2005)
2:397-8. d0i:10.1212/01.WNL.0000150526.09499.3E

Flaherty AW. Frontotemporal and dopaminergic control of idea generation
and creative drive. JComp Neurol (2005) 1:147-53. doi:10.1002/cne.20768
Faust-Socher A, Kenett YN, Cohen OS, Hassin-Baer S, Inzelberg R. Enhanced
creative thinking under dopaminergic therapy in Parkinson disease. Ann
Neurol (2014) 6:935-42. doi:10.1002/ana.24181

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD.
The unity and diversity of executive functions and their contributions to
complex “frontal lobe” tasks: a latent variable analysis. Cogn Psychol (2000)
1:49-100. doi:10.1006/cogp.1999.0734

Miller BL, Ponton M, Benson DE, Cummings JL, Mena I. Enhanced artistic
productivity with temporal lobe degeneration. Lancet (1996) 348(9043):1744—
5. doi:10.1016/S0140-6736(05)65881-3

de Souza LC, Volle E, Bertoux M, Czernecki V, Funkiewiez A, Allali G, et al.
Poor creativity in frontotemporal dementia: a window into the neural bases
of the creative mind. Neuropsychologia (2010) 48(13):3733-42. doi:10.1016/j.
neuropsychologia.2010.09.010

de Souza LC, Guimaraes HC, Teixeira AL, Caramelli P, Levy R, Dubois B,
etal. Frontal lobe neurology and the creative mind. Front Psychol (2014) 5:761.
doi:10.3389/fpsyg,2014.00761

Canesi M, Rusconi ML, Isaias IU, Pezzoli G. Artistic productivity and creative
thinking in Parkinson’s disease. Eur | Neurol (2011) 3:468-72. doi:10.1111/
J1468-1331.2011.03546.X

Canesi M, Rusconi ML, Moroni F, Ranghetti A, Cereda E, Pezzoli G, et al.
Creative thinking, professional artists, and Parkinson’s disease. ] Parkinsons
Dis (2015) 1:239-46. doi:10.3233/JPD-150681

Inzelberg R. The awakening of artistic creativity and Parkinson’s disease. Behav
Neurosci (2013) 2:256. doi:10.1037/a0031052

Respondek G, Roeber S, Kretzschmar H, Troakes C, Al-Sarraj S, Gelpi E, et al.
Accuracy of the National Institute for Neurological Disorders and Stroke/
Society for Progressive Supranuclear Palsy and neuroprotection and natural
history in Parkinson plus syndromes criteria for the diagnosis of progressive
supranuclear palsy. Mov Disord (2013) 4:504-9. doi:10.1002/mds.25327

Bak TH, Crawford LM, Berrios G, Hodges JR. Behavioural symptoms in pro-
gressive supranuclear palsy and frontotemporal dementia. ] Neurol Neurosurg
Psychiatry (2010) 81(9):1057-9. doi:10.1136/jnnp.2008.157974

Aarsland D, Cummings JL, Larsen JP. Neuropsychiatric differences
between Parkinsons disease with dementia and Alzheimer’s disease.
Int ] Geriatr Psychiatry (2001) 16(2):184-91. doi:10.1002/1099-1166
(200102)16:2<184::AID-GPS304>3.0.CO;2-K

Brown RG, Lacomblez L, Landwehrmeyer BG, Bak T, Uttner I, Dubois B,
et al. Cognitive impairment in patients with multiple system atrophy and
progressive supranuclear palsy. Brain (2010) 133(8):2382-93. do0i:10.1093/
brain/awq158

Gerstenecker A, Mast B, Duff K, Ferman TJ, Litvan I; ENGENE-PSP Study
Group. Executive dysfunction is the primary cognitive impairment in
progressive supranuclear palsy. Arch Clin Neuropsychol (2012) 28(2):104-13.
doi:10.1093/arclin/acs098

Bak TH, Crawford LM, Hearn VC, Mathuranath PS, Hodges JR. Subcortical
dementia revisited: similarities and differences in cognitive function
between progressive supranuclear palsy (PSP), corticobasal degeneration
(CBD) and multiple system atrophy (MSA). Neurocase (2005) 11(4):268-73.
doi:10.1080/13554790590962997

Cotelli M, Borroni B, Manenti R, Alberici A, Calabria M, Agosti C, et al.
Action and object naming in frontotemporal dementia, progressive supranu-
clear palsy, and corticobasal degeneration. Neuropsychology (2006) 20(5):558.
doi:10.1037/0894-4105.20.5.558

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Litvan I, Grafman J, Gomez C, Chase TN. Memory impairment in patients with
progressive supranuclear palsy. Arch Neurol (1989) 46(7):765-7. doi:10.1001/
archneur.1989.00520430059018

Papp MI, Lantos PL. The distribution of oligodendroglial inclusions in multi-
ple system atrophy and its relevance to clinical symptomatology. Brain (1994)
2:235-43. d0i:10.1093/brain/117.2.235

Litvan I, Agid Y, Calne D, Campbell G, Dubois B, Duvoisin RC, et al. Clinical
research criteria for the diagnosis of progressive supranuclear palsy (Steele-
Richardson-Olszewski syndrome) report of the NINDS-SPSP international
workshop. Neurology (1996) 47(1):1-9. doi:10.1212/WNL.47.1.1

Gilman S, Low PA, Quinn N, Albanese A, Ben-Shlomo Y, Fowler CJ, et al.
Consensus statement on the diagnosis of multiple system atrophy. J Neurol Sci
(1999) 163(1):94-8. doi:10.1016/S0022-510X(98)00304-9

Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ, Trojanowski JQ,
etal. Second consensus statement on the diagnosis of multiple system atrophy.
Neurology (2008) 9:670-6. doi:10.1212/01.wnl.0000324625.00404.15
Kitayama M, Wada-Isoe K, Irizawa Y, Nakashima K. Assessment of dementia
in patients with multiple system atrophy. Eur J Neurol (2009) 16(5):589-94.
doi:10.1111/j.1468-1331.2009.02544.x

Siri C, Duerr S, Canesi M, Delazer M, Esselink R, Bloem BR, et al. A cross-sec-
tional multicenter study of cognitive and behavioural features in multiple
system atrophy patients of the parkinsonian and cerebellar type. ] Neural
Transm (2013) 120(4):613-8. doi:10.1007/s00702-013-0997-x

Paviour DC, Price SL, Jahanshahi M, Lees AJ, Fox NC. Longitudinal MRI in
progressive supranuclear palsy and multiple system atrophy: rates and regions
of atrophy. Brain (2006) 129(4):1040-9. doi:10.1093/brain/awl021

Wenning GK, Tison E Ben Shlomo Y, Daniel SE, Quinn NP. Multiple system
atrophy: a review of 203 pathologically proven cases. Mov Disord (1997)
12(2):133-47. doi:10.1002/mds.870120203

Stankovic I, Krismer F Jesic A, Antonini A, Benke T, Brown RG, et al.
Cognitive impairment in multiple system atrophy: a position statement
by the Neuropsychology Task Force of the MDS Multiple System Atrophy
(MODIMSA) study group. Mov Disord (2014) 29(7):857-67. doi:10.1002/
mds.25880

Benedek M, Jauk E, Sommer M, Arendasy M, Neubauer AC. Intelligence,
creativity, and cognitive control: the common and differential involvement of
executive functions in intelligence and creativity. Intelligence (2014) 46:73-83.
doi:10.1016/j.intell.2014.05.007

Yuan P, Raz N. Prefrontal cortex and executive functions in healthy adults:
a meta-analysis of structural neuroimaging studies. Neurosci Biobehav Rev
(2014) 42:180-92. doi:10.1016/j.neubiorev.2014.02.005

Hoehn MH, Yahr MD. Parkinsonism: onset, progression and mortality.
Neurology (1967) 5:427-42. doi:10.1016/j.neubiorev.2014.02.005

Hughes AJ, Ben-Shlomo Y, Daniel SE, Lees AJ. What features improves the
accuracy of clinical diagnosis in Parkinson’s disease: a clinicopathologic study.
Neurology (2001) 57:S34-8. doi:10.1212/WNL.57.8.1497

Rizzo G, Zanigni S, De Blasi R, Grasso D, Martino D, Savica R, et al.
Contribution to the differential diagnosis of parkinsonian syndromes: an
update. Parkinsons Dis (2016) 2016:27. doi:10.1155/2016/2983638
Weintraub D, Mamikonyan E, Papay K, Shea JA, Xie SX, Siderowf A.
Questionnaire for impulsive-compulsive disorders in Parkinson’s Disease—
Rating Scale. Mov Disord (2012) 27(2):242-7. d0i:10.1002/mds.24023

Magni E, Binetti G, Bianchetti A, Rozzini R, Trabucchi M. Mini-mental state
examination: a normative study in Italian elderly population. Eur ] Neurol
(1996) 3:198-202. doi:10.1111/j.1468-1331.1996.tb00423.x

Measso G, Cavarzeran F, Zappala G, Lebowitz BD, Crook TH, Pirozzolo
FJ, et al. The mini-mental state examination: normative study of an Italian
random sample. Dev Neuropsychol (1993) 2:77-85. doi:10.1080/8756564910
9540545

Shulman KI, Pushkar Gold D, Cohen CA, Zucchero CA. Clock-drawing and
dementia in the community: a longitudinal study. Int ] Geriatr Psychiatry
(1993) 6:487-96. doi:10.1002/gps.930080606

Appollonio I, Leone M, Isella V, Piamarta F, Consoli T, Villa ML, et al.
The frontal assessment battery (FAB): normative values in an Italian
population sample. Neurol Sci (2005) 2:108-16. doi:10.1007/s10072-005-
0443-4

. Fahn S, Elton RL. Members of the UPDRS development committee: unified

Parkinson’s Disease Rating Scale. In: Fahn S, Marsden CD, Calne DB,

Frontiers in Neurology | www.frontiersin.org

October 2017 | Volume 8 | Article 534


http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.1016/j.mehy.2009.10.014
https://doi.org/10.1080/10400419.2012.650092
https://doi.org/10.1212/01.WNL.0000150526.09499.3E
https://doi.org/10.1002/cne.20768
https://doi.org/10.1002/ana.24181
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1016/S0140-6736(05)65881-3
https://doi.org/10.1016/j.neuropsychologia.2010.09.010
https://doi.org/10.1016/j.neuropsychologia.2010.09.010
https://doi.org/10.3389/fpsyg.2014.00761
https://doi.org/10.1111/J1468-1331.2011.03546.X
https://doi.org/10.1111/J1468-1331.2011.03546.X
https://doi.org/10.3233/JPD-150681
https://doi.org/10.1037/a0031052
https://doi.org/10.1002/mds.25327
https://doi.org/10.1136/jnnp.2008.157974
https://doi.org/10.1002/1099-1166
(200102)16:2 < 184::AID-GPS304 > 3.0.CO;2-K
https://doi.org/10.1002/1099-1166
(200102)16:2 < 184::AID-GPS304 > 3.0.CO;2-K
https://doi.org/10.1093/brain/awq158
https://doi.org/10.1093/brain/awq158
https://doi.org/10.1093/arclin/acs098
https://doi.org/10.1080/13554790590962997
https://doi.org/10.1037/0894-4105.20.5.558
https://doi.org/10.1001/archneur.1989.00520430059018
https://doi.org/10.1001/archneur.1989.00520430059018
https://doi.org/10.1093/brain/117.2.235
https://doi.org/10.1212/WNL.47.1.1
https://doi.org/10.1016/S0022-510X(98)00304-9
https://doi.org/10.1212/01.wnl.0000324625.00404.15
https://doi.org/10.1111/j.1468-1331.2009.02544.x
https://doi.org/10.1007/s00702-013-0997-x
https://doi.org/10.1093/brain/awl021
https://doi.org/10.1002/mds.870120203
https://doi.org/10.1002/mds.25880
https://doi.org/10.1002/mds.25880
https://doi.org/10.1016/j.intell.2014.05.007
https://doi.org/10.1016/j.neubiorev.2014.02.005
https://doi.org/10.1016/j.neubiorev.2014.02.005
https://doi.org/10.1212/WNL.57.8.1497
https://doi.org/10.1155/2016/2983638
https://doi.org/10.1002/mds.24023
https://doi.org/10.1111/j.1468-1331.1996.tb00423.x
https://doi.org/10.1080/87565649109540545
https://doi.org/10.1080/87565649109540545
https://doi.org/10.1002/gps.930080606
https://doi.org/10.1007/s10072-005-0443-4
https://doi.org/10.1007/s10072-005-0443-4

Canesi et al.

Creativity in Parkinsonian Syndromes and HCs

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Goldstein M, editors. Recent Developments in Parkinson’s Disease. Florham
Park, NJ: Macmillan Health Care Information. (Vol. 153), (1987). 304 p.
Golbe LI, Ohman-Strickland PA. A clinical rating scale for progressive supra-
nuclear palsy. Brain (2007) 6:1552-65. d0i:10.1093/brain/awm032

Wenning GK, Colosimo C, Geser F, Poewe W. Multiple system atrophy. Lancet
Neurol (2004) 2:93-103. doi:10.1016/S1474-4422(03)00662-8

Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic review
of levodopa dose equivalency reporting in Parkinson’s disease. Mov Disord
(2010) 15:2649-53. d0i:10.1002/mds.23429

Carlsson I, Wendt PE, Risberg J. On the neurobiology of creativity. Differences
in frontal activity between high and low creative subjects. Neuropsychologia
(2000) 6:873-85. doi:10.1016/S0028-3932(99)00128-1

Fink A, Grabner RH, Benedek M, Neubauer AC. Divergent thinking training is
related to frontal electroencephalogram alpha synchronization. Eur J Neurosci
(2006) 8:2241-6. doi:10.1111/j.1460-9568.2006.04751.x

Dietrich A. The cognitive neuroscience of creativity. Psychon Bull Rev (2004)
11(6):1011-26. doi:10.3758/BF03196731

Snyder A, Mitchell J, Bossomaier T, Pallier G. The creativity quotient:
an objective scoring of ideational fluency. Creat Res J (2004) 4:415-9.
doi:10.1080/10400410409534552

Gibson C, Folley BS, Park S. Enhanced divergent thinking and creativity in
musicians: a behavioral and near-infrared spectroscopy study. Brain Cogn
(2009) 1:162-9. doi:10.1016/j.bandc.2008.07.009

Dubois B, Slachevsky A, Litvan I, Pillon BE. The FAB: a frontal assessment
battery at bedside. Neurology (2000) 11:1621-6. doi:10.1212/WNL.55.11.1621
Glascher ], Adolphs R, Damasio H, Bechara A, Rudrauf D, Calamia M,
et al. Lesion mapping of cognitive control and value-based decision making
in the prefrontal cortex. Proc Natl Acad Sci U S A (2012) 109(36):14681-6.
doi:10.1073/pnas.1206608109

Robinson H, Calamia M, Glischer J, Bruss J, Tranel D. Neuroanatomical
correlates of executive functions: a neuropsychological approach using the
EXAMINER battery. ] Int Neuropsychol Soc (2014) 20(1):52-63. doi:10.1017/
$135561771300060X

Rittman T, Ghosh BC, McColgan P, Breen DP, Evans ], Williams-Gray CH,
et al. The Addenbrooke’s cognitive examination for the differential diagnosis
and longitudinal assessment of patients with parkinsonian disorders. ] Neurol
Neurosurg Psychiatry (2013) 84(5):544-51. doi:10.1136/jnnp-2012-303618

55.

56.

57.

58.

59.

60.

Burrell JR, Hodges JR, Rowe JB. Cognition in corticobasal syndrome and
progressive supranuclear palsy: a review. Mov Disord (2014) 29(5):684-93.
d0i:10.1002/mds.25872

Fiorenzato E, Weis L, Falup-Pecurariu C, Diaconu S, Siri C, Reali E, et al.
Montreal cognitive assessment (MoCA) and mini-mental state examination
(MMSE) performance in progressive supranuclear palsy and multiple
system atrophy. ] Neural Transm (2016) 123(12):1435-42. doi:10.1007/
500702-016-1589-3

Soliveri P, Monza D, Paridi D, Carella E Genitrini S, Testa D, et al.
Neuropsychological follow up in patients with Parkinson’s disease, striatonigral
de generation-type multisystem atrophy, and progressive supranuclear palsy.
J Neurol Neurosurg Psychiatry (2000) 69:313-8. doi:10.1136/jnnp.69.3.313
Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA,
Gornbein J. The Neuropsychiatric Inventory. Comprehensive assessment of
psychopathology in dementia. Neurology (1994) 44:12-2308. doi:10.1212/
WNL.44.12.2308

Binetti G, Alberici AC, Fedi V, Cappa SE Benussi L, Moratto D, et al. Clinical
features of a familial frontotemporal dementia with parkinsonism associ-
ated to chromosome 17: peculiar onset, progression, and cerebral atrophy.
Neurology (1998) 4:A234.

Abraham A, Beudt S, Ott DV, von Cramon DY. Creative cognition and the
brain: dissociations between frontal, parietal-temporal and basal ganglia
groups. Brain Res (2012) 1482:55-70. doi:10.1016/j.brainres.2012.09.007

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewer SM and handling Editor declared their shared affiliation.

Copyright © 2017 Canesi, Rusconi, Cereda, Ranghetti, Cereda, Moroni and Pezzoli.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Neurology | www.frontiersin.org

October 2017 | Volume 8 | Article 534


http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.1093/brain/awm032
https://doi.org/10.1016/S1474-4422(03)00662-8
https://doi.org/10.1002/mds.23429
https://doi.org/10.1016/S0028-3932(99)00128-1
https://doi.org/10.1111/j.1460-9568.2006.04751.x
https://doi.org/10.3758/BF03196731
https://doi.org/10.1080/10400410409534552
https://doi.org/10.1016/j.bandc.2008.07.009
https://doi.org/10.1212/WNL.55.11.1621
https://doi.org/10.1073/pnas.1206608109
https://doi.org/10.1017/S135561771300060X
https://doi.org/10.1017/S135561771300060X
https://doi.org/10.1136/jnnp-2012-303618
https://doi.org/10.1002/mds.25872
https://doi.org/10.1007/s00702-016-1589-3
https://doi.org/10.1007/s00702-016-1589-3
https://doi.org/10.1136/jnnp.69.3.313
https://doi.org/10.1212/WNL.44.12.2308
https://doi.org/10.1212/WNL.44.12.2308
https://doi.org/10.1016/j.brainres.2012.09.007
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Divergent Thinking in Parkinsonism: A Case–Control Study
	Introduction
	Materials and Methods
	Patient/Subject Selection
	Measurements
	Statistical Analysis
	Ethics

	Results
	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


