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Abstract: Clock Drawing Test (CDT) is a screening tool used in neuropsychological assessment
for evaluating comprehensively different cognitive functions. Aberrant performance at
CDT was observed in Parkinson’s disease, due to impaired executive functioning as
well as visuo-spatial difficulties. However, previous studies suffered of different
limitations, such reduced sample size and absence of comparison with healthy
individuals.

The aim of this retrospective study was to verify CDT accuracy in discriminating
between 240 patients with idiopathic Parkinson’s disease and 145 healthy subjects.
We verified CDT accuracy in discriminating patients when classified in relation to their
global cognitive functioning measured through the Mini Mental State Examination and
the Frontal Assessment Battery.

Our results showed that affected individuals reported a worse performance in CDT
than healthy controls; this difference was not related to age or level of education.
Instead, no difference was found between patients when categorized in relation to their
performance at the Mini Mental State Examination or Frontal Assessment Battery.

We confirmed that Parkinson’s disease patients reported low performance at the CDT.
We encouraged to use CDT for early detection of possible cognitive difficulties in
Parkinson’s disease for clinical and research purpose.

Response to Reviewers: Reviewer #1

The present retrospective study investigates abnormalities of the Clock Drawing Test
(CDT) in a large cohort of 240 patients with Parkinson's disease (PD), and a sample of
145 healthy participants. The CDT was adopted as a measure of global cognitive
decline assessed by Mini Mental State Examination - MMSE and Frontal Assessment
Battery - FAB. The Authors found that the CDT performance was lower in PD in

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



comparison to healthy controls, however no significant CDT difference emerged
between patients when categorized in relation to their global cognitive profile, i.e.
MMSE and FAB scores. The rationale of the study is clear, and the manuscript is well
written. The results are reasonable, although not particularly novel. | have a few
comments that the authors should carefully take into account.

REPLY: We thank the Reviewer for his/her comments to our manuscript. We provided
a point-to-point answers to the comments.

Major

One major issue of the study is that PD patients and healthy controls (HCs) were not
well matched for age and education ("...patients were significantly older and with lower
years of Education respect to the controls" see page 5). Thu, between-group
differences in CDT are possibly explained by age and education differences. The
authors performed a covariate analysis to exclude the effect of age and education
(details at page 6). However, | believe that this issue should be better addressed; |
would suggest increasing the sample size of the healthy controls group including older
subjects.

REPLY: According to the Reviewer’s suggestion, in the new version of the manuscript
we presented a new enlarge sample of controls (n = 205 participants). Now, the PD
group and the controls were comparable in the demographical aspects (Age p = 0.42;
Education p = 0.47), as reported in Table 1. Thus, the covariate analyses was no
longer reported. Since we added new participants, the successive analyses relative to
the difference between patients and controls were run again. The results were not
different in comparison with what we reported in the previous version of our work. We
provided a new Figure 1 about the ROC curve to report the updated results.

Please add more clinical detail on the PD patients (disease duration, UPDRS score,
medications...). Moreover, clarify whether patients were tested while they were ON
medication.

REPLY: In the new version of our manuscript, we reported the data relative to the
years from symptoms onset (pag. 3). Thus, we studied the relationship of this factor
with the CDT score. No significant results emerged, as reported at pag. 5.

We underline that in our Institute, the neuropsychological assessment is routinely
performed when PD patients are in on-state. Thus, in our text (pag 3), we specified that
all data were collected when patients were in on-state.

Finally, since this study was retrospective and it was mainly focused on the
neuropsychological assessment, at this stage we were not able to report further details
about our PD patients in terms of UPDRS score or drugs. We agree that this
information might be useful in order to study a possible relationship to the CDT score.
We introduced a statement underlining this criticism in the last paragraph of our
Discussion (pag. 8).

Minor
Page 2: "...PD patients with and without diagnosis of dementia reported a significant
performance in CDT." It seems that this sentence is incomplete. Do the Authors mean

"a significant different performance..."? Please clarify.

REPLY. We clarified this sentence (pag. 2): according to the Camargo and colleagues,
PD patients with and without dementia reported a significant different score to the CDT.

Page 3: "...and show a positive answer to medication", please rephrased as follows
"improved upon dopaminergic medication"

REPLY. We really thank the Reviewer for this suggestion. We rephrased the sentence.

Page 5: "2. Analyses within PD patients' group”. | would delete the number 2 (as for
the other paragraph).

REPLY. We deleted the number of paragraph.
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Page 5: "we studied the possible relationship of CDT score with respectively MMSE
score and FAB score through the Pearson's correlation". MMSE and FAB scores are
not continuous data (and moreover they are usually not normally distributed), therefore
the Spearman's Rank Order Correlation is a more suitable test.

REPLY. We thank the Reviewer for this comment. We run again the analyses adopting
the Spearman's Rank Order Correlation. In the paper and in the Table 2, we changed
the text accordingly.

Page 5: "the relationship between the CDT score and the level of Age and Education
was calculated through the calculation of the Pearson's correlation coefficient"; again,
consider the Spearman's Rank Order Correlation (see previous comment)

REPLY: Following this comments, we run again in analyses adopting the Spearman's
Rank Order Correlation. Please, refer to Table 4.
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Title: Performance at the Clock Drawing Test of individuals affected by Parkinson’s disease and

healthy subjects: a retrospective study.

Running Head: CDT in Parkinson’s Disease

Abstract

Clock Drawing Test (CDT) is a screening tool used in neuropsychological assessment for evaluating
comprehensively multiple cognitive functions. Aberrant performance at CDT was observed in Parkinson’s
disease, due to impaired executive functioning as well as visuospatial difficulties. However, previous studies
suffered from different limitations, such as reduced sample size as well as no comparison with healthy
individuals.

This retrospective study aimed to verify CDT accuracy in discriminating between 240 patients with
idiopathic Parkinson’s disease and 205 healthy subjects. We verified CDT accuracy in discriminating
patients when classified according to their global cognitive functioning measured through the Mini-Mental
State Examination and the Frontal Assessment Battery.

Our results showed that affected individuals reported a worse performance in CDT than healthy controls.
Instead, no difference was found between patients when categorized according to their performance at the
Mini-Mental State Examination or Frontal Assessment Battery.

We confirmed that patients with Parkinson’s disease reported low performance at the CDT. We encouraged
to use of CDT for early detection of possible cognitive difficulties in Parkinson’s disease for clinical and

research purposes.

Keywords: Clock Drawing Test; Parkinson’s Disease; cognitive screening; neuropsychological assessment.



Introduction

Clock Drawing Test (CDT) [1] is a common, quick and easy-to-apply neuropsychological instrument to
assess global cognitive functioning. Indeed, multiple cognitive domains, including language comprehension,
numerical knowledge, executive functions, attention, visuospatial abilities and verbal short-term memory [2-
3], are implied to solve it. Because of its usefulness in detecting comprehensively significant information
about individuals’ cognitive functioning, CDT is frequently used by geriatric experts [4] in clinical settings.
Interestingly, CDT was reported to be less affected by demographical and cultural differences than other
tests [5], such as the Mini- Mental State Examination (MMSE) [6]; thus, it seems to be suitable in case of
low level of education and different ethnicity. Moreover, it shows a good sensitivity in discriminating
individuals with mild cognitive impairment (MCI) from healthy individuals [7], and also in discriminating
between multiple forms [9-10] and stages of dementia [10]. Finally, CDT requires lower amount of time than
other tests for assessing global functioning, as well as it can be administered in not structured settings, such
as patient’s bedside.

Individuals affected by Parkinson’s Disease (PD) generally show difficulties in executive functions,
specifically in the components of selective attention, reasoning, cognitive flexibility, and planning, even in
absence of dementia [11-12]. However, difficulties in other cognitive domains, such as language, memory,
and visuospatial capabilities, can be observed even in early stages of the disease, independently from the
presence of executive dysfunction [13]. In light of this heterogeneity, CDT may be a useful screening test in
PD, specifically in the early stage of the disease, before the emerging of any moderate or severe symptoms as
well as dementia [10].

Previous - but not conclusive - evidence about the CDT applicability as a screening tool in PD was reported
in literature [3,9,14,15]. According to Stella and colleagues [14], PD patients showed difficulties in
visuospatial organization and visuoconstructive skills in CDT; instead, Saur and colleagues [15] suggested
that the patients’ poorly performance, characterized specifically by errors in planning of numbers and hands
position as well as by the use of postmeridian digits, might suggest more prominent executive deficits rather
than visuospatial impairments. In a successive study by Camargo and colleagues [3], PD patients with and
without a diagnosis of dementia showed a different performance in CDT. Interestingly, the authors reported
that when CDT was used together with MMSE, the level of sensitivity in distinguishing between the two
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groups increased respect to MMSE alone. However, some limitations might be recognized in these previous
studies. First, the samples consisted of a limited number of PD patients [3,14,15]. Moreover, they were
compared with other neurodegenerative syndromes [8-9,15], patients with and without dementia were
included in the same sample or no comparison with healthy individuals was reported [3,9].

In this retrospective study, we verified CDT accuracy in discriminating the performance of a large cohort of
PD individuals without dementia, respect to healthy individuals. Moreover, we studied the CDT accuracy in
discriminating patients when categorized according to the their global cognitive functioning measured
through MMSE [6], since it is generally adopted in conjunction with CDT [15]. Moreover, considering the
most prominent executive nature of cognitive difficulties in PD [11-13], we studied CDT accuracy in
discriminating patients when they were categorized according to their performance at the Frontal Assessment

Battery (FAB) [16].

Methods

Participants. The study was approved by the Ethic Committee of the 1.R.C.C.S Istituto Auxologico Italiano
and was performed in accordance with the Declaration of Helsinki’s principles (World Medical Association,
1991). The data relative to the tests adopted in the present study was part of a standard neuropsychological
assessment that was routinely performed by expert neuropsychologists. Thus, in-patients furnished their
written informed consent when they admitted to the hospital. Healthy participants were recruited outside the
hospital; they furnished their written informed consent.

240 individuals affected by PD were considered for this retrospective study (Table 1). They were in-patients
consecutively admitted for a routine hospitalization at the Division of Neurology and Neurorehabilitation of
the 1.LR.C.C.S. Istituto Auxologico Italiano, Ospedale San Giuseppe (Piancavallo, Italy). According to the
clinical assessment performed by expert neurologists, all patients received diagnosis of idiopathic PD
according to the UK Parkinson’s Disease Society Brain Bank clinical diagnostic criteria [17] and improved
upon dopaminergic medication. The following exclusion criteria were adopted: (i) neurological and motor
deficits not related to PD, (ii) deficits severe enough to impair daily life (social, occupational, or personal
care) over and above motor or autonomic symptoms [12]. As routinely done in the involved institute, all
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patients were assessed during subjective on-phase, when symptoms are managed through medication. The
mean relative of the years from the symptoms onset (i.e. years of disease) was of 8 (SD = 6). This study also
included a group of 205 healthy participants (Table 1). They did not report any sensory, neurological or

psychiatric impairment, as confirmed through a clinical interview.

Procedures. All participants completed the Italian version [18] of the CDT [1]. Participants received a sheet
with a pre-drawn circle. They were requested to place the digits and the hands at 2:45. No time limit was
imposed. The test had a 10-points scoring system, designed to test: the presence of the numbers (score range:
0-4 points), the layout of the numbers (score range: 0-3 points), the position of the hands (score range: 0-2.5
points), the hands dimensions (score range: 0-0.5 points). Higher scores reflected better performance.
Moreover, only for PD patients we collected the scores relative to MMSE [6,19] as measure of global

cognitive functioning, and the FAB [16,20] as measure of the frontal executive functioning.

Analyses between groups: PD patients vs healthy controls. We studied CDT accuracy in discriminating
between PD patients and controls. First, an independent sample t-test was performed to verify any difference
between the two groups in terms of demographical characteristics of Age and Education (measured in years),
while difference in terms of frequency of males and females (Gender) between groups was analyzed trough
the y2 test. Successively, for each group independently, the relationship between the CDT score and the level
of Age and Education was calculated through the Spearman's rank correlation. A priori, we might expect a
negative value of p when Age was considered: thus, older age would be related to lower CDT score; on the
contrary, higher level (i.e. number of years) of Education would be related to higher CDT score (i.e. a
positive r value). Only for PD participants, the relationship with the years from the symptoms onset (i.e.
years of disease) was also investigated. Also, possible difference between males and females was assessed
through the independent sample t-test, independently for the two groups.

Finally, we performed an independent sample t-test to verify possible difference in CDT score between PD
patients and controls. Also we performed a Receiver Operating Characteristic (ROC) Curve Analysis to

verify the accuracy of CDT in discriminating PD patients and controls; through the Youden’s index [21], the

cut-off point was calculated.



Analyses within PD patients group. Considering the PD patients’ performance, we studied the possible
relationship of CDT score with respectively MMSE score and FAB score through the Spearman's rank
correlation; in the case of significant results, a linear regression was calculated to predict CDT score on the
MMSE and FAB scores; the variance inflation factor (VIF) was reported as measure of multicollinearity.
After, we considered the performance at the neuropsychological tests of MMSE and FAB. First, we
categorized the PD patients in two groups according to the MMSE score. In details, for each patient we
verified if the MMSE raw score was below or upper to the Italian normative cut-off [19]. If the score was
below the cut-off, we considered the performance as impaired, otherwise it was considered unimpaired.
Thus, an independent sample t-test was performed to verify any difference between the two groups (impaired
vs unimpaired) in terms of demographical characteristics of Age and Education, while x2 test was used to
verify any difference about Gender frequency. For each group independently, the relationship between the
CDT score and the level of Age and Education was calculated through through the Spearman's rank
correlation. Finally, we performed an independent sample t-test to verify possible difference in CDT score
between the two groups and we used the ROC curve analysis to verify the accuracy of CDT in discriminating
between PD patients with impaired or unimpaired performance at the MMSE; the cut-off point was
calculated independently from the prevalence according to the Youden’s index [21]. The same set of
analyses was applied when the PD patients were categorized according to the FAB score. Again, for each
patient we verified if the FAB score was below or upper the normative cut-off [20] and then categorized the
case as impaired (in case of score below the cut-off) or unimpaired (score upper the cut-off).

Finally, we compared the Area Under the Curve (AUC) [22] values of ROC curves relative to MMSE and
FAB, to detect a possible difference in the accuracy of two models in disentangling impaired vs unimpaired

patients.

Results.
Between groups: PD patients vs controls. PD patients and controls were comparable in terms of Age and
years of Education; the prevalence of males and females was different between groups (Table 1). According
to the Spearman's rank, a significantly relationship between the CDT score and the years of Age and
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Education emerged, in both groups (Table 2). For PD patients, no significant relationship emerged between
years from the symptoms onset (i.e. years of disease) and CDT score [p(120)= -0.14; p = 0.12]. For PD
patients (males: N = 212; M = 7.72; SD = 3.03; females: N = 172; M = 7.99; SD = 2.73) [t(382) = 0.89; p =
0.37; Cohen's d = 0.093) and controls (males: N = 105; M = 8.02; SD = 2.24; females: N = 93; M = 8.48; SD
=2.23) [t(196) = 1.44; p = 0.15; Cohen's d = 0.2), no difference was observed in relation to the Gender.
Interestingly, about CDT score, a significant difference between groups emerged [Levene’s Test F = 37.19; p
< 0.001; t(426.26) = 4.29; p < 0.001; Cohen's d = 0.41); specifically, PD participants reported lower score
than controls (Table 1). The ROC curve analyses was significant [AUC = 0.587; SE = 0.026; z = 3.27; p =
0.001; 95% confidence interval from 0.539 to 0.633] (Figure 1). A cut-off equal or minus to 7 corresponded
to a level of sensitivity of 0.75 and a level of specificity of 0.43 [Youden’s index J = 0.18].

[Figure 1 around here]
Within group: PD patients. CDT score showed a significant positive relationship with the MMSE score
[p(238) = 0.49; p < 0.001] and with the FAB score [p(232) = 0.47; p < 0.001]. According to the linear
regression analysis, a significant regression equation was found [F(2, 229) = 43.15; p < 0.001] with an R? of
0.27. Both MMSE score [VIF = 1.64; B = 0.29; p < 0.001] and FAB score [VIF = 1.64; B = 0.21; p = 0.001]
were significant predictors for CDT score.
According to the performance at the MMSE, we categorized the patients in two groups, according if they
reported a lower score (impaired) or a upper score (unimpaired) respect to the normative cut-off. No
difference between groups emerged in terms of Age and Education in years, as well as in terms of Gender
frequency (Table 3). Interestingly, for PD patients with an unimpaired score, the CDT score was
significantly related to both Age and Education. Instead, when PD patients with an impaired score’s
performance was analyzed, a significant relationship emerged only for Education (Table 4).
About CDT score, no difference was found between the two groups (Table 3). The ROC curve analyses was
significant JAUC = 0.724; SE = 0.042; z = 5.25 p < 0.001; 95% confidence interval from 0.663 to 0.782]. A
cut-off minus to 5 corresponded to a level of sensitivity of 0.82 and a level of specificity of 0.56 [Youden’s
index J = 0.38] (Figure 2.A).

[Figure 2 around here]



We also categorized PD patients according to the to the performance at the FAB. The two groups were
comparable in terms of demographic characteristics of Age, Education and Gender frequency (Table 3).
Very interestingly, for both groups we found a significant relationship between CDT score and Age and
Education (Table 4). No difference emerged between groups about CDT score (Table 3). The ROC curve
analyses was significant [AUC = 0.708; SE = 0.0334; z = 6.24 p < 0.001; 95% Confidence Interval from
0.646 to 0.765] (Figure 2, right part). A cut-off minus to 8 corresponded to a level of sensitivity of 0.67 and a
level of specificity of 0.65 [Youden index J = 0.33] (Figure 2.B).

When we compared the AUC relative to the two ROC curves [22], no significant difference emerged [z =
0.32; p = 0.74]: the two models (PD patients classified in relation to their score at the MMSE vs FAB)

showed the same level of accuracy in detecting impaired and unimpaired patients.

Discussion

This retrospective neuropsychological study had two main aims. The first one was to verify CDT accuracy in
discriminating between PD patients’ and controls’ performance. The second one was to verify CDT accuracy
within the PD patients, when the global cognitive functioning (measured through the MMSE [6]; Italian
version [19]) or the frontal executive functioning (measured through the FAB [16]; Italian version [20]) was
taken in account.

Our results showed that individuals affected by PD and healthy individuals showed a significant different
performance at CDT: in detail, PD patients reported lower scores than controls. Our result was in line with
previous investigations [8,15]. However, in these previous studies reduced samples were compared [15] and
in conjunction with other neurodegenerative syndromes [8]. According to the ROC curve analyses, we might
suggest a score equal or minus to 7 as a cut-off for discriminating healthy individuals and PD patients. This
value was lower compared with the cut-off suggested by Camargo and colleagues [3] (i.e. a cut-off value of
8). However, it should be noticed that the authors computed this score referring to the performance of PD
patients with and without cognitive impairment, and in absence of any comparisons with healthy individuals.
According to our results, CDT showed a similar level of accuracy in discriminating PD patients with an
impaired cognitive performance from those with no cognitive difficulties (i.e. unimpaired patients) when
categorized according to their global cognitive functioning, measured through the MMSE [6], in comparison
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with the patients’ categorization performed according to the global executive functioning, measured through
the FAB [16]. Focusing on MMSE, we confirmed a significant relationship with CDT score, in line with
previous studies [3,7,8,14,15]. Moreover, we observed that MMSE score was as a significant predictor of
CDT performance. However, no difference in CDT score was found between PD patients with an impaired
MMSE score from those with an unimpaired score. This result was in contrast to what reported by Saur and
colleagues [15] who adopted the same methodological approach. Indeed, the authors reported that PD
participants with lower global cognitive functioning (suggested by impaired MMSE score) performed worse
in CDT than the PD patients with an unimpaired MMSE score. It should be noted that the two studies
differed about the CDT scoring systems; moreover, Saur and colleagues adopted a MMSE cut-off (a score of

28) higher than in our study (that was around the score of 22, according to Magni et al. [19]).

As the best of our knowledge, no previous study used FAB score to categorize PD patients. FAB [16] is one
of the most widely neuropsychological tests to investigate comprehensively executive frontal functioning
[16,20]. It should be more advisable than the MMSE, particularly among PD patients without cognitive
impairment 2[24] in order to discriminate executive dysfunction [25-26]. In the present study, no difference
emerged when patients were categorized between impaired and unimpaired score, according to the
performance at FAB. However, while FAB focused specifically on executive domain, measuring specific
executive behavior (recognition of similarities; phonological verbal fluency; ability in performing motor
series; ability in applying conflicting instructions in motor task; capability to perform a motor no-no go task;
and finally prehension behavior) [16,20], CDT refers to other multiple cognitive domains, including
language comprehension, numerical knowledge, attention, visuospatial abilities, memory, as well as
executive functions [2-3]. Thus, possible difficulties in executive functions might be compensated by other
preserved cognitive processes, resulting ultimately in an adequate performance at CDT. This explanation,
requiring further investigation, seems to be supported by the performance of our sample, in which no patient

with dementia was included.

The retrospective nature of this neuropsychological study imposed some limits that should be overcome in
future investigation. It was reported that MMSE might be a less sensitive measure for recognizing cognitive

difficulties in PD compared with the Montreal Cognitive Assessment Battery [23], specifically in the absence



of dementia. Thus, in the future, global cognitive functioning might be measured through other MOCA [23],
instead of MMSE [6]. Moreover, the multiple executive functions should be investigated through proper
neuropsychological tests rather than through a global measure as FAB [16,20]. The role of specific cognitive
domains [2-3] on performance in CDT should be investigated. Also, it should be clarified what might be the
most suitable and comprehensive scoring system between those reported in literature [8] to assess PD
patients’ performance. Finally, the disease’s characteristics described according to the traditional clinical
scales, as well as the administered dopaminergic therapy should be also taken in account.

In summary, CDT is a simple screening test and involves several aspects of cognition, that might be impaired
in PD. Considering that CDT score shows an interesting relationship with patients’ difficulties in daily life
activity [14], we might encourage to use it for early detection of possible cognitive difficulties in PD patients
in clinical and research setting. However, we would underline that CDT as well the other global cognitive
tests [6,23], cannot replace the whole neuropsychological assessment, through which specific cognitive

difficulties are recognized and measured.

References

1. Agrell B, Dehlin O (1998) The clock-drawing test. Age ageing 27: 399-403.
https://doi.org/10.1093/ageing/afs149

2. Freedman M, Leach L, Kaplan E (1994) Clock drawing: A neuropsychological analysis. OUP, USA

3. Camargo CHF, Tolentino EDS, Bronzini A et al (2016) Comparison of the use of screening tools for
evaluating cognitive impairment in patients with Parkinson's disease. Dement. neuropsychol 10: 344-
350. http://dx.doi.org/10.1590/s1980-5764-2016dn1004015

4. Shulman KI (2000) Clock-drawing: is it the ideal cognitive screening test?. Int. J. Geriatr. Psychiatry
15: 548-561.

5. Borson SOO, Brush M, Gil E et al (1999) The Clock Drawing Test: utility for dementia detection in
multiethnic elders. J. Gerontol. A Biol. Sci. Med 54: M534-M540.

6. Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental state: a practical method for grading
the cognitive state of patients for the clinician. J. Psychiatr. Res. 12(3):189-198.

https://doi.org/10.1016/0022-3956(75)90026-6


https://doi.org/10.1093/ageing/afs149

10.

11.

12.

13.

14.

15.

16.

Yamamoto S, Mogi N, Umegaki H et al (2004) The clock drawing test as a valid screening method
for mild cognitive impairment. Dement Geriatr Cogn Disord. 18(2):172-179.
https://doi.org/10.1159/000079198

Duro D, Tébuas-Pereira M, Freitas S et al (2018) Validity and clinical utility of different clock
drawing test scoring systems in multiple forms of dementia. J Geriatr Psychiatry Neurol. 31(3):114-

122. https://doi.org/10.1177/0891988718774432

Allone C, Lo Buono V, Corallo F et al (2018) Cognitive impairment in Parkinson's disease,
Alzheimer's dementia, and vascular dementia: the role of the clock-drawing test. Psychogeriatrics
18(2):123-131.

Pinto E, Peters R (2009) Literature review of the Clock Drawing Test as a tool for cognitive
screening. Dement Geriatr Cogn Disord. 27(3): 201-213. https://doi.org/10.1159/000203344
Zgaljardic DJ, Borod JC, Foldi NS, Mattis P (2003) A review of the cognitive and behavioral
sequelae of Parkinson's disease: relationship to frontostriatal circuitry. Cogn behav neurol. 16:193-
210.

Emre M, Aarsland D, Brown R et al (2007) Clinical diagnostic criteria for dementia associated with
Parkinson's disease. J Mov Disord. 22(12):1689-1707.

https://doi.org/10.1002/mds.21507

Caballol N, Marti MJ, Tolosa E (2007) Cognitive dysfunction and dementia in Parkinson disease. J
Mov Disord. 22(S17):S358-S366. https://doi.org/10.1002/mds.21677

Stella F, Gobbi LT, Gobbi S et al (2007) Early impairment of cognitive functions in Parkinson's
disease. Arg Neuropsiquiatr. 65(2B): 406-410. http://dx.doi.org/10.1590/S0004-
282X2007000300008

Saur R, Maier C, Milian M et al (2012) Clock test deficits related to the global cognitive state in
Alzheimer’s and Parkinson’s disease. Dement Geriatr Cogn Disord. 33(1): 59-72.
https://doi.org/10.1159/000336598

Dubois B, Slachevsky A, Litvan I, Pillon B (2000) The FAB: a Frontal Assessment Battery at

bedside. Neurology 55(11):1621-1626. https://doi.org/10.1212/WNL.55.11.1621

10


https://doi.org/10.1177/0891988718774432

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hughes AJ, Daniel SE, Kilford L, Lees AJ (1992) Accuracy of clinical diagnosis of idiopathic
Parkinson’s disease. A clinico-pathological study of 100 cases. J. Neurol. Neurosurg. Psychiatry
55:181-184. http://dx.doi.org/10.1136/jnnp.55.3.181

Mondini S, Mapelli D, Vestri A, Bisiacchi P (2003) Esame neuropsicologico breve [Brief
neuropsychological exam]. Raffaello Cortina Editore, Milano.

Magni E, Binetti G, Bianchetti A et al (1996) Mini-Mental State Examination: a normative study in
Italian elderly population. Eur J Neurol. 3(3):198-202. https://doi.org/10.1111/j.1468-
1331.1996.th00423.x

Appollonio I, Leone M, Isella V et al (2005) The Frontal Assessment Battery (FAB): normative
values in an Italian population sample. Neurol Sci. 26(2): 108-116. https://doi.org/10.1007/s10072-
005-0443-4

Youden WJ (1950) Index for rating diagnostic tests. Cancer. 3:32—35. https://doi.org/10.1002/1097-
0142(1950)3:1<32::AID-CNCR2820030106>3.0.C0O;2-3

Hanley JA, Barbara J McNeil (1983) A method of comparing the areas under receiver operating
characteristic curves derived from the same cases. Radiology 148.3:839-843.
https://doi.org/10.1148/radiology.148.3.6878708

Nasreddine ZS, Phillips NA, Bédirian V et al (2005) The Montreal Cognitive Assessment, MoCA: a
brief screening tool for mild cognitive impairment. J Am Geriatr Soc. 53(4):695-699.
https://doi.org/10.1111/j.1532-5415.2005.53221.x

Cohen OS, Vakil E, Tanne D et al (2012)The frontal assessment battery as a tool for evaluation of
frontal lobe dysfunction in patients with Parkinson disease. J Geriatr Psychiatry Neurol. 25(2):71-
77. https://doi.org/10.1177/0891988712445087

Bugalho P, Vale J (2011) Brief cognitive assessment in the early stages of Parkinson disease. Cogn
Behav Neurol. 24(4):169-173. https://doi.org/ 10.1097/WNN.0b013e3182350a1f

Paviour DC, Winterburn D, Simmonds S et al (2005) Can the frontal assessment battery (FAB)
differentiate bradykinetic rigid syndromes? Relation of the FAB to formal neuropsychological

testing. Neurocase 11(4):274-282. https://doi.org/10.1080/13554790590962933

11


https://www.researchgate.net/scientific-contributions/12157100_D_Winterburn
https://www.researchgate.net/scientific-contributions/67642682_S_Simmonds

12



Figure Captions

1. ROC curve about the level of accuracy of Clock Drawing Test in disentangling PD patients from controls.
The true positive rate (Sensitivity) was plotted in function of the false positive rate (100- Specificity) for

different cut-off points.

2. A. ROC curve about the level of accuracy of Clock Drawing Test in disentangling PD patients with an
impaired score at the Mini-Mental State Examination from PD patients with an unimpaired score. B. ROC
curve about the level of accuracy of Clock Drawing Test in disentangling PD patients with an impaired score
at the Frontal Assessment Battery from PD patients with an unimpaired score. In both figures, the true
positive rate (Sensitivity) was plotted in function of the false positive ate (100- Specificity) for different cut-

off points.
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Table 1: Demographical characteristics and results at the CDT were reported for PD patients and controls. *

denotes a significant difference; F = females; M = males.

PD patients Controls
N 240 205
Gender F=113; M =127 F =107, M =98 ¥?>=8.29.p =0.016
Levene’s test F =25.15; p < 0.001;
Age in years 70 (9) 69 (5)
t(412.85) = 0.8; p=0.42
Education in years 8(3) 9(4) t(443) =0.7; p = 0.47

CDT score Levene’s test F =37.19; p < 0.001;

7.09 (3.23) 8.24 (2.25)

(range 0-10)

1(426.26) = 4.29; p < 0.001
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Table 2: For the two groups independently, the relationship between the demographical characteristics of
Age and Education (expressed in years) and CDT score was reported. Significant results (p value < 0.001)

are reported in bold.

‘ Age in years ‘ Education in years
PD patients p -0.33 0.28
CDT score
n = 240 ‘ ‘ D <0.001 <0.001
Controls p -0.286 0.27
CDT score

n =205 ‘ ‘ p <0.001 0.001
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Table 3: Demographical characteristics and results at the CDT were reported for PD patients with an

impaired or unimpaired score at the MMSE test. * denotes a significant difference.

Unimpaired

Impaired

Mini-Mental State Examination

N 190 50
Gender 86 F; 104 M 28F; 22 M ¥*=1.92'p=0.16
Age in years 70 (8) 70 (10) t(238) =0.38; p=0.7
Education in years 8 (3) 9(4) t(238) =1.74; p = 0.08
CDT score 7.23 (3.14) 6.56 (3.54) t(238) = 1.31; p= 0.22
Frontal Assessment Battery
N 138 102
Gender 61F; 77 M 52 F;50 M ¥*=0.97"p=0.32
Age in years 69 (10) 70 (7) t(238) =0.95; p = 0.34
Education in years 9 (4) 8(3) Levene’s test F=7.39; p = 0.007
t(234,5) = 1.71; p = 0.08
CDT score 7.27(3.1) 6.84 (3.4) t(238) =1.02; p=0.3
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Table 4: The relationship between demographical characteristics and the CDT score was reported, when
participants with PD were split in two groups (impaired and unimpaired) according to the MMSE (upper

part) and FAB (below part) score. Significant results (p value < 0.05) are reported in bold.

Age in years ‘ Education in years

Mini-Mental State Examination

Impaired p -0.24 0.34
CDT score
n=28 ‘ ‘ p 0.84 0.032
Unimpaired p -0.33 0.29
CDT score
P <0.001 <0.001

n=212 ‘

Frontal Assessment Battery

Impaired p -0.27 0.3
CDT score
n =102 ‘ ‘ p 0.005 0.002
Unimpaired p -0.37 0.26
CDT score

n=138 ‘ ‘ D <0.001 0.002
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