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 Abstract 

Parkinson’s disease (PD) involves the motor system and can lead to dementia. 

Dementia incidence among 102 non-demented participants (52 PD and 50 controls) 

followed prospectively over three years was assessed. Cognition was measured annually 

using the Clock Drawing Test (CDT), Mini-Mental State Exam (MMSE), Frontal 

Assessment Battery (FAB) and Dementia Rating Scale (DRS). Mixed-effects model was 

used to determine the significance of the change in neuropsychological tests (NPT) over 

time. Incidence of dementia in the PD group was 41.67%. The FAB and DRS showed 

significant. In the PD subgroup, the copy-CDT (CCDT), FAB and DRS showed decline 

in patients with incipient dementia (PDID). The FAB and DRS scores correlated in the 

primary and subgroup analyses. In the subgroup, the CCDT correlated with FAB and 

DRS. The NPT were useful in discriminating PD from control patients with early 

cognitive impairments and discriminating PDID from PDND. 
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1. Introduction 

 

Parkinson’s disease, first described by James Parkinson 1 is a neurodegenerative 

disorder that typically involves resting tremor, bradykinesia, rigidity and postural 

instability. 2 The exact cause of the disease is not yet known, however environmental 

factors are suspected but not unequivocally confirmed. 2 A smaller proportion of PD 

patients will have a genetic mutation, particularly if disease onset is before 50 years of 

age. 2 Degeneration is primarily in the pars compacta of the substantia nigra, affecting the 

dopaminergic neurons. Cell loss is not restricted to this region and has also been 

described in other brainstem regions, as well as in the cerebral cortex. 2 Such pathological 

changes can lead to non-motor features, most importantly cognitive decline, which 

culminates in dementia, a state where cognitive impairment affects functional abilities.  

 

The prevalence of dementia among PD patients has been estimated to be 24-31% and 

Parkinson’s Disease Dementia (PDD) contributes to 3-4% of all causes of dementia. 3 In 

a cohort of PD patients followed up for 8 years, 78% developed dementia. 4 PD patients 

with dementia live shorter than those with out PDD. 5 Not unlike Alzheimer’s disease, 

PDD can be preceded by a mild cognitive impairment (MCI) phase. Whereas MCI in AD 

is usually of an amnestic type, that of PD tends to be non-amnestic, usually involving 

executive function and visuo-constructive impairments, and to a lesser degree, memory. 6 

 

Patients with PD are usually older and at risk for other causes of dementia such as AD 

and vascular dementia. The burden of dementia on the health care system is continuously 

growing. 7, 8 It is important that dementia is detected early among patients at risk. 

Recognition of cognitive changes early and monitoring its progression is relevant for the 

patients’ and families’ knowledge, life planning, and identifying appropriate management 

strategies. It is also important to recognize whether cognitive deterioration is from PD or 

secondary to a different condition such as AD, particularly since therapeutic strategies 

may differ. There are many neuropsychological assessment tools available to assist in 

detecting and tracking cognitive dysfunction. Each has different strengths and 
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weaknesses and different abilities for detecting impairments in specific cognitive 

domains.  

 

Thesis Statement: Given the impact dementia has on individuals and families dealing 

with PD and on the health care system as a whole, and considering that there are no 

reliable prognostic tests in predicting the development of dementia in PD patients, I will 

explore the utility of commonly used clinical neuropsychological tests in determining PD 

patients who are at risk for dementia and if the performance on these tests decline with 

progression of the disease over time. 

 

2. Hypothesis & Objectives 

 

The hypothesis is that patients with PD will show greater decline in cognitive function 

over time when compared to age-matched elderly controls. Also, within the PD subgroup, 

incipient dementia patients are expected to have worse performance on scales at baseline 

and throughout the observation period as compared to patients who remain non-

demented. 

 The first objective of this study was to assess the occurrence of dementia in non-

demented PD patients in comparison to age and sex matched non-demented controls in 

patients over 65 years of age, followed over 3 years. The second objective was to perform 

a longitudinal assessment of non-demented elderly participants’ performance on the 

Clock Drawing Test (CDT), Mini-Mental State Exam (MMSE), Frontal Assessment 

Battery (FAB) and Dementia Rating Scale (DRS), over a period of three years in order to 

identify differences in performance between patients with and without PD, and to identify 

which tools would help in monitoring and predicting decline. In addition, a similar 

analysis was conducted in the non-demented PD subgroup, in order to observe how these 

measure changed in those who went on to develop dementia (i.e.: incipient dementia 

(PDID)) and those who did not develop dementia (PDND).  Lastly, we examined 

correlations between tests that changed significantly in longitudinal analyses. 
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3. Background 

 

3.1. Cognitive impairment and Dementia in Parkinson’s Disease 

 

3.1.1. Clinical profile 

 

Aarsland et al. conducted a multicenter study that involved pooling of multiple cohorts 

of patients with PD in order to better assess the profile of cognitive deficits in non-

demented PD patients. 6 Of the 1346 patients included in the analysis, 347 (25.8%) had 

MCI. Memory impairment was the most commonly involved domain in 13.3% followed 

by visuospatial impairment in 11%, followed by executive and attentive impairments in 

about 10.1%. However, the most common MCI subtype was that of a single domain non-

amnestic type which was found in 152 patients (11.3%) and comprised of visuospatial 

impairment in 54.8% and executive and attention deficits in 52%. 6 Rodrı´guez-Ferreiro 

et al. additionaly found language impairment in PDD. 9 A group of non-demented PD 

patients that were age and education matched with a control group of 42 healthy seniors. 

The mean MMSE score was significantly lower in PD patients but scored > 26 in both 

groups. In addition to executive and attention difficulties, semantic language difficulties 

were identified. 9 Muslimovic et al. studied 115 consecutive newly diagnosed PD patients 

with MMSE ≥ 24 from a multiple neurology outpatient clinics and 70 healthy controls. 10 

Detailed neuropsychological assessments of multiple cognitive domains were performed. 

In this study, 24% of their PD patients showed cognitive impairments, and 4% of the 

controls did. In the PD group, the main domains that were impaired were memory, 

attention and executive function, particularly when complex measures were used. 

Cognitive impairments were not as well appreciated in both groups when simple methods 

of assessment were used. Interestingly, impairment on the CDT was common, but this 

was not based on standardized scores; impairment was thought to be consistent with the 

executive function requirements of the task. 10 In addition to determining predictive 

factors of cognitive decline in PD patients, the follow up of the cohort 3 years later had 

the goal of comparing cognitive decline in PD patients with the demographically matched 

controls to identify individual patients with cognitive decline. The study sample included 
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up to 89 new-onset PD patients, 52 known PD patients and 64 controls. 11 In the newly 

diagnosed PD patients, attention and psychomotor speed decline was the most prominent 

cognitive finding in comparison to controls. Significant but not substantial declines were 

also observed for memory impairment, executive dysfunction, and visual-spatial deficits. 

All of these deficits were present at an individual level when compared to healthy 

controls and the deficits progressed after 3 years of follow up. Spatial orientation tests, 

such as the Judgement of Line Orientation (JOLO) and CDT showed changes that had 

modest rate of decline.  

 

Cognitive impairment in PD also takes a toll on patients’ daily activities. Rosenthal et 

alexamined 111 PD patients of varying cognitive status with a mean age of 72.8 years, 

recruited from a movement disorder center. 12 Care-givers provided information on the 

function of patients which was measured by the Alzheimer's Disease Cooperative Study-

Activities of Daily Living Inventory (ADCS-ADL). 13 Cognition was assessed using the 

DRS and the MMSE. There was an association between disability and cognitive 

impairment, with the odds ratio (OR) for scoring below 65 on the ADCS-ADL being 1.19 

(95% CI 1.03-1.36) for each drop in the DRS by one point. Even after the exclusion of 

demented patients, there was a relationship between the ADL and cognitive performance 

as measured by the DRS. It seemed to be related  to the limitation in instrumental ADL 

rather than basic ADL, even after adjusting for mood and motor deficits. 12 The authors 

concluded that cognitive impairment, even if mild, affects PD patients’ daily function. 12  

 

 

 



 5 

3.1.2. Disease process 

  

Executive dysfunction is major finding in PD patients’ cognitive profiles. Executive 

dysfunction is an encompassing term for many frontal cognitive functions such as 

planning and implementation, task shifting, working memory, and inhibitory responses 

and all require some degree of conceptualization. 14 Executive functions are nicely 

described as a process where cognitive abilities are incorporated during situations where 

routine behavior would not provide an adequate response. 15 The frontal lobes of the brain 

are most consistently associated with executive function, with the prefrontal cortex 

playing a most prominent role. 14, 15 Caudate, precuneate, and middle temporal gyri as 

well as left lateral orbito-frontal cortex and dorsolateral prefrontal cortex grey matter 

volumes have been found to be decreased. 16, 17 In PD, it is believed that dopamine 

deficiency affecting the frontal-striatal circuits are partially responsible for cognitive 

deficits, particularly executive dysfunction. More recently, deficiencies in the 

serotonergic, noradrenergic, and cholinergic systems have also been implicated.16Motor 

features of PD respond better to dopaminergic therapy than cognitive features, due to 

varying degrees of dopaminergic neuron loss, usually more so in the putamen. 15 In the 

caudate, dopamine depletion is most pronounced in the regions that are connected with 

the dorsolateral aspects of the frontal lobe, and relatively spared in the regions connecting 

with the ventral regions of the frontal lobe. 15 Memory difficulties in PD are generally 

attributed to retrieval defects secondary to executive dysfunction. However, left medial 

temporal lobe atrophy has been associated with memory deficits in PD. 16, 18 Lewy bodies 

are believed to be the main pathological substrate, 19 usually involving limbic and cortical 

brain regions. In severe cases of advanced PD dementia, particularly with prevalent 

cortical cognitive deficits, the pattern of cognitive impairment may not be readily 

distinguished from Lewy Body Dementia (LBD) or AD. As noted, PDD, like LBD, have 

prominent executive and visuoconstructive impairments early on that may not be 

distinguishable on neuropsychological assessments, while AD patients tend to have more 

pronounced memory deficits in the early stages. 20, 21 Interestingly, it has been suggested 

that involvement of the frontal cortex in PDD may occur later in the course compared to 
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other dementing illnesses, as it has been found that mildly demented patients with LBD 

have more executive function impairment than those with mild PDD. 22  

 

3.2. Neuropsychological Assessment Tools 

 

3.2.1. The Clock Drawing Test 

 

The clock drawing test (CDT) has for a long time been incorporated in cognitive 

assessment. Early documentation of this test is found in literature from the 1950s where it 

was by Dr. MacDonald Critchley in patients with parietal lobe lesions and neglect. 23 Its 

use has expanded significantly since then and is now a familiar bedside cognitive test 

among physicians; it is also helpful in predicting performance in certain tasks such as 

driving. 24 There have been many studies looking at the performance of clock drawing 

among dementia patients of various etiologies; most studies included patients with 

Alzheimer’s Disease (AD). Some studies have included subcortical dementias such as 

Huntington’s disease, 25 Vascular cognitive impairment, 26 and Parkinson’s disease (PD). 
27, 28 Others have compared the performance of CDT among different dementia groups. 29-

31 Recent studies are asking if CDT is useful in detecting various types of MCI and 

predicting to dementia. 26, 32-34 The instructions and implementation of the CDT varies 

among investigators. Some provide patients with a pre-drawn circle while others ask the 

patient to draw one. The time requested to be illustrated is also quite different between 

authors; however, a majority prefer “10 past 11” as it forces the patient to attend to both 

hemi-fields of the clock and mentally convert the “10” into a “2”. It is important that 

instructions be specific about a time rather than open ended. 35 There has been no 

mutually agreed upon standard on how to grade a clock and the literature has over a 

dozen different clock scales. This has been rightfully met with criticism, 36 and this 

variability may be an indicator of how much useful information can actually be obtained 

from the CDT. One of the conclusions of a meta-analysis 37 of various scoring techniques 

at that time was that the more complicated clock scoring techniques did not offer added 

benefit over the simpler ones. The type of scoring method used to detect abnormalities 

did not differ much when assessing driving abilities in another study. 24 
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A recent study that examined the prevalence of dementia in Parkinson disease using 

multiple tools, 27 and the CDT was found more sensitive at identifying patients with 

dementia than the Min-Mental State Exam (MMSE). 27 In one study, CDT was 

significantly abnormal in PD compared to a control group.38Another study found it to be 

useful for detection of early cognitive impairment in PD. 39 

 

 

3.2.2. The Frontal Assessment Battery 

 

The Frontal Assessment Battery (FAB) 40 is a more recently devised bedside cognitive 

assessment tool that focuses on detecting impairments in frontal lobe cognitive functions. 

Dubois et al. studied 42 normal controls and 121 patients with frontal lobe dysfunction, 

24 had mild PD. 40 For concurrent validity the battery was correlated with the Wisconsin 

card sorting task and the Dementia Rating Scale (DRS). Significant correlation was found 

with both tests and the FAB was able to discriminate between normal and impaired 

individuals. Two raters examined a subgroup of 17 patients independently with excellent 

Kappa inter-rater reliability (k = 0.87, p < 0.001). The total obtainable score is 18 and the 

test requires approximately 10 minutes to implement, the subcomponents of the test 

include: conceptualization, by inquiring about object similarities; mental flexibility, by a 

phonemic verbal fluency task; programming, by a motor series task (Luria Task); 

sensitivity to interference, by a task that involves conflicting instructions; inhibitory 

control, by performing the Go-No Go task; environmental autonomy, or assessing for 

prehensile behavior by looking for a grasp reflex. 40 

Kaszas et al. assessed the accuracy of the FAB in 73 PD patients to detect PDD. 41 In 

the study, 22 of the 73 had PDD, and the area under the receiver operator characteristic 

(ROC) curve was found to be 0.78 (95% CI 0.64–0.9). A score of 12 was determined to 

be 66% sensitive and 72% specific.41 A correlation between education level and 

performance on the FAB has also been reported. 42, 43 In a study that screened 75 patients 

with early PD and 45 healthy controls for frontal deficits, PD patients had significantly 

lower FAB and MMSE scores than the controls.44 With the FAB, significant differences 
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were found in the similarities, motor series and conflicting instructions subscores. On the 

MMSE, recall and visuoconstructive abilities differed between PD and controls. The 

FAB scores were not related to motor symptoms or dopaminergic dosages. 44. Lima et al. 

aimed to assess the usefulness of the FAB as a screen for executive dysfunction in PD 

patients and to assess how it correlated with other tests of executive dysfunction. They 

compared 122 normal subjects and 50 patients with PD whose Hoehn & Yahr score was 

3-4, indicating advanced PD. In addition PD patients had 3 years less education than the 

control group. The FAB scores in normal participants were lower among those with 

lower education and higher age. Similar findings in the PD group, except education did 

not significantly correlate. The authors concluded good concurrent validity for the FAB 

as the scores correlated with other tests of executive functioning. 45 Frontal lobe 

dysfunction may not be the sole neural correlate of impaired performance on the FAB. 46 

Matsui et al. performed SPECT scans on 30 patients with PD (who had MMSE scores > 

23 and did not meet DSM 4 dementia criteria). Patients with low scores on the FAB (11 

or less) had decreased perfusion in the left supramarginal gyrus and left inferior parietal 

lobule compared to those in the higher scoring group (12 or more). 46 

 

 

3.2.3. The Dementia Rating Scale 

 

The Dementia Rating Scale (DRS) has been established longer than the FAB 47 and 

has been validated in Alzheimer’s disease. 48 It has been widely used in evaluating PD 

patients, including those who undergo Deep Brain Stimulation. 41 The test assesses 

attention, language, verbal memory, visuospatial and executive functions. 

Subcomponents of the test include: attention by testing digit span and following 

commands; initiation and perseveration by verbal semantic fluency tasks, performing 

alternating movements and alternating graphic designs; construction by copying images; 

conceptualization by testing for similarities between images and verbal cues; memory 

and attention by testing short term verbal and visual memory recall and orientation. It is 

scored out of a total of 144 points. Smith et al. examined the psychometric properties of 

the DRS in normal controls, patients with MCI, and patients with various dementia types 
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over an average follow up of 3.9 years The DRS total score declined by > 10 points in 

less than 5% of normal individuals but in more than 60% of patients with dementia. The 

DRS was also found to be predictive of requiring institutionalization for patients with 

decline beyond two standard deviations. Patients who scored 100 on the DRS, were 2.5 

times more likely to die than those who scored 135. The median survival for those 

scoring < 100 was 3.7 years. 49 The DRS was more accurate than the MMSE in 

identifying deficits in mildly impaired patients. 12 When comparing the DRS to FAB and 

MMSE, Kaszas et al. found the DRS to have the highest sensitivity and specificity for 

identifying PDD. The area under ROC curve was 0.925 (95% CI: 0.85–1) with a 

sensitivity of 90% and a specificity of 98%, using the cut-off score of 125 points. 41 

Aarsland et al. studied the DRS in various disorders with a goal to determine the 

similarity of the cognitive profiles between PDD and LBD, and compare to a known 

subcortical dementia Progressive Supranuclear Palsy (PSP) and a known cortical 

dementia, AD. 22 The pattern of cognitive impairment was similar in severely demented 

patients with LBD and PDD. Among those with mild to moderate degree of dementia, 

four out of the five subscores were similar. PDD patients scored worse on 

initiation/perseveration subscales and better on memory subscales when compared to AD 

patients. Poalo et al. found a similar difference when looking at 50 AD and PD patients 

both with a DRS < 131. Most of the patients suffered from mild to moderate degrees of 

dementia with an average DRS of 104, and the AD patients performed worse on the 

memory subscores wile the PDD were worse on the construction subscore. 50 Brown et al. 

also found that most variability was in the initiation/perseveration, conceptualization and 

memory subscores. 51 The DRS is believed to have better predictive validity in 

comparison to other screening tools due to its broader coverage of cognitive domains. 51 

Matteau et al. conducted a study which aimed to determine if the DRS can identify 

MCI in PD patients and differentiate it from amnestic MCI (aMCI). 52 They performed a 

cross sectional study that included participants over 50 years of age. The groups consisted 

of healthy controls, aMCI group, AD, MCI with PD (MCI-PD), PD and PDD. They 

found that, after correcting for age and education, the MMSE significantly correlated 

with DRS. The DRS did not correlate with age, PD duration or Hoehn and Yahr stages in 

the PD groups. Both MCI groups, and both dementia groups performed similarly on the 
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DRS. Patients with dementia scored significantly lower than healthy controls and a cut 

off score of 132 or less accurately discriminated dementia patients from healthy controls. 

Although worse performance was found among AD patients on memory subscales in 

comparison to PDD patients, the AD patients did not do better than PDD patients in the 

subscale of initiation/perseveration, which is in contrast to the 2003 study by Aarsland et 

al. 22, 52 With regard to MCI, patients with aMCI and MCI-PD both scored lower than 

healthy controls, while still being normal on the MMSE. The aMCI and MCI-PD 

performed similarly on the subscales. Another study that compared 40 PD patients with 

34 REM sleep behavior disorder patients, found the sensitivity and specificity of the DRS 

was 72% and 86% for detecting MCI in PD patients wen the cut-of score was 138. No 

reliable cut-off score could be determined for the MMSE. 53 A recent systematic review 

found that the performance changes on the DRS, which usually takes 25-45 minutes to 

administer, depended on age and education. 54 In a study that had a goal of establishing a 

cut off on the DRS that would help discriminate between PDD and PDND, 92 PD 

patients were studied, and 35 of them with PDD. The total DRS score best variable to 

discriminate PDD from PDND after correcting for covariates such as age, education and 

the motor subscale of the UPDRS was 123. Memory, initiation/perseveration, and 

conceptualization subscales also helped in discriminating PDD from PDND. 55 The ROC 

curve analysis for the diagnostic accuracy of the DRS for detecting PDD among patients 

with PD was 91.3% (95% CI 0.85–0.97). There was a 42% increase in odds for PDD for 

every one-point decrease in the DRS. The DRS had a sensitivity and specificity of 92.6% 

& 91.4%.  55 

 

3.2.4. The Mini-Mental State Exam 

 

The Mini-Mental State exam 56 is scored out of 30 points and it is the most familiar 

cognitive assessment scale.57 It has questions on orientation, attention & concentration, 

immediate and short-term memory, language, visual spatial ability and attention. The test 

requires 5-10 minutes to complete. It has good internal consistency and inter-rater 

reliability.56, 57 A large component of the test score relies on orientation and memory, thus 
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it may miss detecting impairments in patients where other cognitive domains are 

primarily involved such as in PD, vascular dementia or frontotemporal dementia. 57 

In the original study by Folstein et al., the MMSE was performed on two participant 

groups. The first consisted of specifically selected patients that included 29 patients with 

various dementia syndromes, 40 with an affective disorder and 63 normal elderly 

patients. The second group consisted of unselected patients that were collected according 

to consecutive admissions. Nine had dementia, 45 with an affective disorder, 24 with 

schizophrenia, 32 with drug abuse, and 27 with neurosis. In the first group, dementia 

patients mean score was 9.7, which was markedly lower than controls 27.6 and 

psychiatric patients 19 – 25.1. A similar discrepancy was found among the unselected 

patients of the second group, with dementia patients scoring around 12.2 and patients 

with psychiatric disorders scoring 24.6 - 27.6. The inter-rater reliability was also 

considered good (Pearson coefficient 0.827) and the MMSE scores correlated with the 

Wechsler Adult Intelligence Scale; Performance IQ (Pearson r = 0.660 (p < 0.001)) with 

Verbal IQ (Pearson r = 0.776 (p < 0.0001)). The MMSE has been shown have a low 

sensitivity to detecting cognitive changes in patients with PD compared to other bed side 

cognitive tasks which include broader testing of cognitive domains. 58, 59 In a systematic 

review that assessed neuropsychological scales in PD, limitations for the use of the 

MMSE were identified, such as floor and ceiling effects, and difficulty determining a 

reliable cut-off due to its dependency on age and education. The authors concluded it had 

a low sensitivity for detecting PDD. 54 Sarra Nazem et al. looked at a convenience sample 

of 100 PD patients and found that 52% of patients considered normal by MMSE were 

cognitively impaired according to the Montreal Cognitive Assessment scale (MoCA). 59 

A cross sectional study by Williams et al. included 108 PD patients, and found the total 

UPDRS score to be correlated with the MMSE and DRS scores. As did they correlate 

with the motor subcomponent of the UPDRS in a multivariable regression analysis. It 

was also found that right-sided symptoms related to the DRS (trend for MMSE P = 

0.054), bradykinesia to the MMSE (trend for DRS P = 0.05), and axial symptoms 

(significant for both scales) were related to cognitive function. Contrary to most studies 

that have looked at the MMSE in PDD, Kaszas et al found that for the MMSE, the area 
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under the curve was 0.87 (95% CI: 0.82–0.99) and determined that a cut-off value 26 

points had a sensitivity and specificity of 80% and 74% which was superior to the FAB.41 
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4. Methods 

 

4.1. Subjects 

 

In our study, 52 cognitively normal PD patients and 50 normal age matched controls 

PD patients were identified from the movement disorder clinic at Glenrose Rehabilitation 

Hospital in Edmonton, Alberta, the Parkinson’s society or referred by community 

neurologists. Patients were diagnosed by an experienced recruiting neurologist according 

to standard criteria, specifically; subjects were required to have a movement disorder of 

insidious onset with two signs among tremor, rigidity or bradykinesia, in the absence of 

atypical clinical features. 60 The ability to ambulate independently, speak English, and 

have a reliable informant were required for participation in the study.  

The control group subjects were recruited through advertising in local senior centers 

or were contacts of enrolled patients. They were matched by sex and age (+/- 5 years) 

with PD patients. In both groups, those with previously known neurological disorders, 

memory or other cognitive concerns of any etiology (eg: degenerative, systemic condition 

or drug), unstable medical conditions, or previous clinical stroke were excluded. Presence 

of Parkinsonism was an exclusion for the control group only. Current anti-cholinergic 

medications were the only exclusionary anti-parkinsonian medications. Stable, controlled 

hypertension, diabetes, osteoarthritis, and treated hypothyroidism are examples of 

common allowed conditions. Patients attended three visits for physical and cognitive 

assessments: at enrollment, 18 months and 36 months. Telephone follow-ups were 

conducted at 6-month intervals in between visits.  

Demographic information was collected with regard to sex, age, level of education, 

smoking and alcohol history, and medical comorbidities. Information on the ventricular 

volumes of the patients, their risk of falls, and performance on other neuropsychological 

tests have been published. 61-63 
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4.2. Interventions 

 

The CDT was administered and scored according to the method described by Rouleau 

et al. 25, 64 We chose the Rouleau method because it has both quantitative and qualitative 

components. The numerical score is based on a brief 10-point scale. Patients were given a 

blank A4 size white paper and a pencil. They were asked to first draw the clock to 

command. The instructions were: “Draw a face of a clock, including all the numbers and 

the hands with the time set to ten past eleven”. The instructions were repeated as 

necessary if not understood on initial attempts. After completion they were provided with 

a correct illustration of a clock with time set and asked to copy it. Two raters blinded to 

the individuals independently rated the CDT and a third rater analyzed the discrepant 

ratings. A trained research assistant administered the MMSE, and DRS according to their 

respective manuals and a neurologist administered the FAB. Parkinsonism was measured 

using the Unified Parkinson’s Disease Rating Scale (UPDRS) 65 and Hoehn and Yahr 

(H&Y) 66 scale. Participants were also assessed for depression with the Geriatric 

Depression Scale (short version) (GDS), 67 for burden from other medical conditions with 

the Cumulative Illness Rating scale (CIRS), 68 and cerebral vascular disease burden with 

the Hachinski Ischemic Score (HIS). 69 

 

All participants had a full neurological history and exam, in addition to the above-

mentioned tests, taken at each of the three annual visits. At baseline, participants had 

blood tested for potentially reversible causes of cognitive impairment, which included 

complete blood count, glucose, urea, creatinine, electrolytes, liver enzymes, thyroid 

stimulating hormone, vitamin B12 and folate. Assessments over the three years were 

performed at approximately the same time between 9 am and noon.  
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4.3. Outcomes 

 

The main outcomes were the incidence of dementia in both groups, and a change over 

time in a cognitive assessment scale indicating worsening performance. The Clinical 

Dementia Rating Scale (CDR) and caregiver derived CDR (CCDR) 70 were obtained from 

the patient and an informant respectively, and collected via separate interviews. The 

CCDR was favored over the CDR as the method to determine progression over time 

because it relies on information provided by a reliable informant other than the patient, 

limiting misinformation provided by a cognitively impaired patient. Dementia was 

considered present if there was impairment in at least two cognitive domains with 

functional impairment secondary to cognitive decline, and impaired memory was not 

considered a requisite, modified from DSM-IV criteria. 71 This classification was based 

on all available information available to the examiners (neurologist and research 

assistant). 

 

4.4. Sample size 

 

To examine the incidence of dementia among patients with PD compared to a control 

sample, an incidence rate for dementia in PD patients (5-10% per year, 25-50% after 5 

years) and for controls (1-2% per year, 5-10% after 5 years) 72 was used to determine 

sample size. An estimation was done using the smaller values of 25% for PD and 5% for 

controls; this was considered conservative as the population was expected to have a 

higher incidence given it was comprised exclusively of patients 65 years of age and older. 

Therefore, 50 subjects per group (patients and controls) would be sufficient to discern a 

difference in incidence rate at 18 months with a power of 70% assuming a one-sided 

alpha (type 1 error rate) of 0.05.  

 

4.5. Statistical analysis 

 

Exploratory statistical tests to determine differences at different time points with T-tests 

and χ2  tests used when appropriate. Because the groups were age and sex matched by +/- 
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5 years, multivariate regression correcting for these two variables was used to determine 

significance of differences between the PD and control group. The difference in 

incidence of dementia between PD and control groups, was examined using the Chi-

square test (χ2 ) and odds ratio was calculated using logistic regression. Kaplan-Meier 

estimates were used to determine the occurrence of cognitive decline or dementia with 

failure defined as an increase in the CCDR by 0.5, and the hazard ratio was determined. 

Mixed effects models, specifically assessing for an interaction between group 

membership and with time variable, was used to assess the CDT, MMSE, FAB, and DRS 

between the two groups (PD and controls) and, in a separate set of analyses, between the 

two subgroups (PDID and PDND). Age, sex and education were the main confounders 

and we chose the Hoehn and Yahr (H&Y) as the scale for severity of parkinsonism in the 

subgroup analyses. It became apparent that the H&Y was a more robust discriminator of 

the PD subgroups than the UPDRS-III (motor subscale of UPDRS). Tests with results 

that were significantly different between the PDID and PDND groups were correlated 

with Pearson correlation. STATA 11.2 software was used to process the results. 
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5. Results 

 

5.1. Parkinson’s Disease versus controls 

 

5.1.1. Baseline characteristics 

 

Baseline characteristics and performance on neuropsychological tests at baseline, 18 

months and 36 months for PD and control groups are shown in Table 1. Mean age, and 

mean years of education and distribution of sex were not statistically different between 

the groups. At each assessment time point, the control group had significantly higher 

scores on the SCDT and the CCDT than the PD group. In the qualitative analysis of the 

SCDT, spatial/planning errors were occurred significantly more in the PD group at each 

time point. Both groups tended to draw normal sized clocks, but PD patients were more 

likely to have graphic errors. Conceptual errors occurred more often in the PD group in 

the second and last assessments. Stimulus bound errors and perseverative errors were 

infrequent (Table 2.). In the copy condition, spatial/planning errors were still more 

frequent in the PD group, while conceptual, stimulus bound, and perseverative errors 

were very rare. There was no difference in the number of normal sized clocks drawn by 

each group. Graphic difficulties became more significant as time progressed in the PD 

group (Table 3). The MMSE was also lower in the PD group but the difference was only 

significant at the 36 month assessment. The FAB and DRS were significantly lower at all 

three assessment points (Table 1., Figure 2.). The correlation between of the examiners’ 

ratings on the assessment scales was consistent with the previous literature. 25 It was 

lower on some components of the qualitative CDT such as the assessment of the degree 

of graphic difficulties 55.1%, the presence of stimulus bound errors 36.9%, conceptual 

errors 52.9% and perseverative errors 53.5%. Correlation was over 90% in determining 

the presence of spatial/planning errors and clock size.  

.  
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5.1.2. Dementia incidence  

 

The incidence of dementia at 36 months was available for 98 participants, 48 PD 

patients and 50 controls. From the entire cohort, 25 (25.1%) participants developed 

dementia, 20 (41.67%) were PD patients and 5 (10%) were controls (P <0.0001). The 

odds ratio (OR) for developing dementia in the PD group was 6.43 (95% CI 2.17 - 19.07, 

P = 0.001), using univariate logistic regression. Multivariate regression adjusting for sex, 

baseline age and years of education did not markedly alter the OR for the development of 

dementia, which was 7.01 (95% CI: 2.2 - 22.3, P = 0.001), (Hosmer-Lemeshow 

goodness-of-fit χ2 = 10.35, P = 0.24). The OR for the risk of dementia with every one-

year increase in age was 1.14 (95% CI: 1.02 - 1.27, P = 0.021).  

The CCDR results at 6-month intervals are shown (Table 1). Kaplan-Meier survival 

estimates, with failure defined as the time when the CCDR score increased by 0.5, are 

demonstrated (Figure 1) and show that cognitive decline occurred more frequently in the 

PD group and the occurrence was significantly increasing with time (P < 0.0001). Cox 

proportional hazard analysis was set with failure defined as an increase in the CCDR by 

0.5 from baseline assessment. In the PD group, 34 patients had an increase by at least 0.5 

in the CCDR above their initial assessment, and an increase occurred in 13 of the 

controls. This yielded a hazard ratio of 3.6 (P < 0.0001) in the PD group for developing 

dementia over the 36 month observation period. None of the patients had a CCDR of 1 at 

baseline, while six PD patients had a CCDR of 0.5 at baseline. Two of these PD patients 

remained at 0.5 at subsequent assessments, 1 dropped out before the 6 months assessment 

and the remaining four increased by at least 0.5. Out of the five that remained in the study 

4 of them met the study’s criteria for dementia at the final 36-month assessment.  

 

 

 

5.1.3. Dropouts and deaths 

 

From the PD group, two died prior to the 6-month telephone assessment, one prior to 

the 24-month telephone assessment and one prior to the 30-month telephone assessment. 
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One PD patient dropped out prior to the 6-month telephone assessment, and one prior to 

the 36-month assessment. In the control group, one died prior to the 18-month assessment 

and one died prior to the 36-month assessment. One control dropped out prior to the 6-

month telephone assessment. 

 

 

5.1.4. Mixed effects analysis of the quantitative CDT  

 

Mixed effect model was used to determine if the numerical CDT scores varied 

between the two groups at baseline (t = 0) and if the difference between the two groups 

varied over time after controlling for age, sex and education. With regard to the SCDT, 

and despite it being significantly lower in the PD group at each visit (Table 1), there was 

no significant interaction between the two groups and time (P = 0.85). In addition, the PD 

group had a statistically significant lower score on the SCDT at baseline in comparison to 

the control group P < 0.0001). There was also a statistically significant association 

between SCDT and age with a lower SCDT score for every one-year increase in age (P < 

0.0001). The same pattern was observed in the CCDT. The interaction between the group 

and the time of assessment was not significant (P = 0.18), while it was significantly lower 

at each visit in the PD group (Table 1). In the final model that included the above-

mentioned variables, only age was significantly associated with the CCDT: every 1-point 

decrease in the CDT score was associated with a 1-year increase of age (P < 0.0001). The 

difference in score at the baseline between PD and control groups was just above the 

significance level (P = 0.056) (Appendix 1). 

 

5.1.5. Mixed effects analysis of FAB 

 

The FAB was evaluated controlling for sex, age, and education. The group difference 

was slightly non-significant (P = 0.066); however, there was a significant difference with 

each visit (P = 0.038). The interaction between the patient group and time was also 

significant supporting a greater decline in performance over time in the PD group (P = 
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0.001). Age also showed a significant association (P < 0.001). Males performed slightly 

better then females (P = 0.031) (Appendix 1).  

 

5.1.6. Mixed effects analysis of DRS 

 

The DRS was evaluated controlling for sex, age and education. The interaction 

between patient group and time of assessment was significant indicating a greater change 

over time in the DRS (P = 0.046) in the PD group. The scores were also significantly 

lower with every one-year increase in age (P < 0.0001) (Appendix 1). 

 

5.1.7. Mixed effects analysis of MMSE 

 

The MMSE was evaluated with the confounders of sex, age, and education. There was 

a significant decrease in MMSE scores at each visit (P = 0.034); however, the interaction 

between to two groups and time was not statistically significant (P = 0.059). Every 1-year 

increase in age was significantly associated with a decrease in the MMSE -(P < 0.0001) 

(Appendix 1).  
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Table 1. Baseline, 18-month, and 36-month results of demographic and  

 PD  

Mean(SD) 

Control 

Mean(SD) 

Multivariate regression 

correcting for sex and age 

P-Value 

Age at enrollment 71.5 (4.6) 71.6 (4.8) 0.996 

Education (years) 13.9 (3) 15.1 (3.5) 0.091 

Sex F: 30, M: 22 F: 29, M: 21 0.97* 

SCDT 0 7.7 (2.4) 9 (1.3) 0.001 

SCDT 18 7.5 (2.4) 8.9 (1.7) 0.001 

SCDT 36 7.3 (2.5) 8.7 (1.6) 0.001 

Copy CDT 0 8.7 (1.5) 9.2 (0.9) 0.049 

Copy CDT 18 8.3 (1.5) 9.1 (1.2) 0.003 

Copy CDT 36 7.96 (2.1) 8.9 (0.9) 0.004 

CCDR at time 0 0.058(0.022) 0.03(0.12) 0.325 

CCDR at time 6 0.085(0.19) 0.04(0.17) 0.211 

CCDR at time 12 0.13(0.24) 0.031(0.16) 0.026 

CCDR at time 18 0.23(0.55) 0.03(0.12) 0.016 

CCDR at time 24 0.24(0.37) 0.1(0.23) 0.026 

CCDR at time 30 0.34(0.57) 0.13(0.26) 0.022 

CCDR at time 36 0.52(0.71) 0.11(0.23) <0.0001 

UPDRS 0 28.54(14.28) 3.34(3.92) <0.0001 

UPDRS 18 28.08(15.37) 3.46(4.29) <0.0001 

UPDRS 36 32.98(17.38) 4.98(5.31) <0.0001 

UPDRS-III 0 17.65(8.78) 2.14(2.96) <0.0001 

UPDRS-III 18 17.27(9.89) 1.98(2.91) <0.0001 

UPDRS-III 36 20.69(10.99) 2.66(3.25) <0.0001 

MMSE at time 0 28 (1.8) 28.4 (1.6) 0.189 

MMSE at time 18 26.9(3.2) 27.8(1.7) 0.081 

MMSE at time 36 26.5(3.5) 27.7(1.8) 0.045 
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neuropsychological variables for PD and control patients. 

*Indicates χ2 values. 

 

 

FAB at time 0 14.4 (2.2) 15.2 (1.7) 0.023 

FAB at time 18 14.19(2.68) 15.62(1.7) 0.001 

FAB at time 36 13.73(3.3) 15.83(1.89) <0.0001 

DRS at time 0 136.7 (4.9) 138.5 (3.7) 0.030 

DRS at time 18 135.6(8.8) 138.9(3.4) 0.014 

DRS at time 36 135.8(3.7) 138.98(3.7) 0.023 

Hoehn-Yahr 0 2.25(0.65) 0(0) <0.0001 

Hoehn-Yahr 18 2.19(12.7) 0(0) <0.0001 

Hoehn-Yahr 36 2.5(0.94) 0(0) <0.0001 

PD Duration at 

enrollment 

8.75(4.4) NA  

GDS 0 2.2(2.8) 0.74(1.07) 0.001 

GDS 6 1.92(1.36) 0.62(0.99) <0.0001 

GDS 12 2.12(2.3) 0.84(1.17) <0.0001 

GDS 18 2.3(2.4) 0.69(0.99) <0.0001 

GDS 24 1.91(1.84) 0.92(1.3) 0.003 

GDS 30 2.09(2.3) 1(1.6) 0.003 

GDS 36 2.3(2.2) 1.06(2.12) 0.007 

HIS 0 0.77(1.13) 0.4(0.73) 0.052 

HIS 18 1.27(1.8) 0.79(1.2) 0.13 

HIS 36 1.4(1.63) 1.4(1.7) 0.9 

CIRS 0 19.4(2.5) 18.4(2.9) 0.052 

CIRS 18 20.42(3.02) 19.42(18.63) 0.09 

CIRS 36 20.3(3.7) 19.5(4.02) 0.34 
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Table 2. The spontaneous condition of the clock drawing test in PD and controls, 

qualitative assessment of its components 

 PD (%) Controls (%) P Value  

Presence of spatial/planning errors    

0 30 (57.7) 13 (26.53) 0.002 

18 27 (56.2) 16 (34.04) 0.024  

36 27 (60) 14 (30.4) 0.004 

Presence of conceptual errors    

0 14 (26.92) 7 (14) 0.11 

18 11 (22.92) 4 (8.33) 0.049 

36 12 (26.67) 4 (8.51) 0.022 

Presence of stimulus bound errors    

0 6 (11.54) 7 (14) 0.71 

18 5 (10.42) 1 (2.08) 0.092 

36 7 (15.56) 1 (2.13) 0.022 

Presence of perseverative errors    

0 1 (1.92) 1 (2) 0.98 

18 1 (2.08) 0 0.32 

36 1 (2.22) 0 0.3 

Presence of normal size clock    

0 42 (84)  46 (88.46) 0.62 

18 40 (83.3) 43 (89.58) 0.37 

36 35 (77.78) 41 (87.23) 0.23 

Absence of graphic difficulties    

0 19 (36.54) 33 (66) 0.003 

18 16 (33.33) 23 (47.92) 0.15 

36 14 (31.11) 30 (63.83) 0.002 
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Table 3. The copy condition of the clock drawing test in PD and controls, qualitative 

assessment of its components  

 PD (%) Controls (%) P Value  

Presence of spatial/planning errors    

0 21 (41.2) 19 (38.8) 0.74 

18 27 (57.5) 13 (27.08) 0.003  

36 26 (57.78) 14 (29.79) 0.007 

Presence of conceptual errors    

0 2 (3.92) 0 0.16 

18 3 (6.38) 1 (2.08) 0.296 

36 3 (6.67) 0 0.072 

Presence of stimulus bound errors    

0 0 0 NA 

18  0 1(2.08) 0.32 

36 0 0 NA 

Presence of perseverative errors    

0 0 0 NA 

18 0 0 NA 

36 0 0 NA 

Presence of normal size clock    

0 49 (96.08) 50 (100) 0.157 

18 46 (97.87) 47 (100) 0.31 

36 42 (93.33) 47 (100) 0.144 

Absence of graphic difficulties    

0 25 (49.02) 33 (66) 0.084 

18 14 (29.79) 24 (50) 0.044 

36 20 (44.44) 34 (72.34) 0.007 

NA: Not applicable 
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Figure 1. Kaplan-Meier estimates for cognitive decline in the cohort of PD patients and 

controls. An event was defined as an increase in the CCDR by 0.5 
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Figure 2. Mean scores of the neuropsychological scales at 0, 18, and 36 months 

assessments for controls and PD patients. A) Quantitative clock drawing test scores in 

spontaneous and copy conditions. B) Mini-mental State Exam. C) Frontal Assessment 

Battery. D) Dementia Rating Scale. Error bars indicate standard deviations. 
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5.2. Subgroup analysis: Parkinson’s Disease Incipient Dementia versus Parkinson’s 

Disease Non-Dementia 

 

 

5.2.1. Baseline characteristics 

 

Baseline characteristics and performance on neuropsychological tests at baseline, 18 

months and 36 months for PDID and PDND groups are shown in Table 4. The mixed 

effects model included the variables age, sex, education, and time.  

The SCDT was not significantly different at 36 months between PDID and PDND 

groups, so it was not analyzed further. The CCDT was significantly lower in the PDID 

group at the 18 and 36 month time points. The qualitative analysis of the spontaneous 

CDT showed that there was no significant difference between the groups at 36 months for 

the number of spatial/planning errors or stimulus bound errors, despite being significantly 

different at the two prior assessments. Conceptual errors were significantly more frequent 

in the PDID group at each time point. There was no consistent statistical difference 

between the two groups with regard to presence of perseverative errors, size of the clock, 

and graphic difficulties (table 5). The qualitative analysis of the copy CDT showed that 

there was no significant difference between the groups at 0 and 36 months for the number 

of spatial/planning errors or conceptual errors, despite being significant at the 18-month 

assessment. Perseverative and stimulus bound errors did not occur. There was no 

consistent statistical difference between the two groups with regard to presence of 

perseverative errors, size of the clock, and graphic difficulties (table 6). The MMSE, 

FAB, and DRS were statistically significantly lower in the PDID group at all time points 

(table 4., figure 3.). 

 

 

5.2.2. Mixed effects analysis of the CCDT  

 

In the copy condition the interaction between the group and time was significant (P = 

0.040) suggesting a decline in CCDT as time progressed in the PDID group. The H&Y 
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score was also included in the above model and was associated with a decline in the 

CCDT (P = 0.001) (Appendix 2). 

 

 

5.2.3. Mixed effects analysis of the MMSE  

 

Including the variables of sex age, education and H&Y, the results showed that by 

looking at the interaction between dementia group and time, the decline over time in the 

PDID group was not statistically significant (P = 0.145). The model showed that the 

MMSE score was significantly lower in patients for every one-point increase in the H&Y 

score (P < 0.0001) (Appendix 2). 

 

 

5.2.4. Mixed effects analysis of the FAB  

 

Including the same confounding variables showed that the interaction between time of 

assessment and dementia group was statistically significant with more decline in 

performance over time in the PDID group (P < 0.0001). There was also a decline for 

every one-year increase in age (P = 0.001). Additionally, for every one-unit increase in 

the H&Y scale there was a statistically significant decline in FAB (P < 0.014) (Appendix 

2). 

 

 

5.2.5. Mixed effects analysis of the DRS  

 

Analysis was done including the variables of sex, age, education and H&Y. The 

interaction denoting change over time was significant for PDID group (P < 0.0001). The 

scores were also lower for every one-unit increase in the H&Y scale (P = 0.009) 

(Appendix 2). 
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Table 4. Baseline, 18-month, and 36-month results of demographic and 

neuropsychological variables for PDID and PDND patients.  

 PDID  

Mean (SD) 

PDND  

Mean (SD) 

T-Score, P value 

Age at enrollment 73.99(5.1) 69.81(3.7) 0.002 

Education (years) 13(2.2) 14.63(3.4) 0.153 

Sex F: 11, M: 9  F: 16, M: 12 0.883* 

SCDT 0 6.7 (2.6) 8.5 (1.7) 0.001 

SCDT 18 6.4 (2.9) 8.4 (1.6) 0.004 

SCDT 36 6.4 (2.7) 7.9 (2.1) 0.059 

Copy time 0 8.3 (1.8) 9.1 (1.1) 0.028 

Copy time 18 7.2 (1.6) 9 (0.96) <0.0001 

Copy time 36 6.5 (2.4) 8.9 (1) <0.0001 

UPDRS 0 34.29(16.8) 23.61(9.5) 0.056 

UPDRS 18 35.1(18.5) 23.1(10.4) 0.006 

UPDRS 36 43.33(20.1) 26.07(11.12) 0.001 

UPDRS-III 0 18.15(9.55) 15.43(6.76) 0.253 

UPDRS-III 18 20.85(10.79) 14.71(8.48) 0.033 

UPDRS-III 36 25.89(19.75) 17.22(8.6) 0.008 

CCDR at time 0 0.104(0.21) 0.02(0.09) 0.069 

CCDR time 6 0.21(0.25) 0(0) <0.0001 

CCDR time 12 0.24(0.31) 0.054(0.16) 0.010 

CCDR at time 18 0.48(0.77) 0.054(0.16) 0.007 

CCDR time 24 0.34(0.5) 0.18(0.2) 0.143 

CCDR time 30 0.61(0.78) 0.16(0.27) 0.007 

CCDR at time 36 1.02(0.88) 0.185(0.25) <0.0001 

MMSE at time 0 27.08(1.77) 28.75(1.35) 0.001 

MMSE at time 18 25.25(4.32) 28(1.28) 0.003 
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*Indicates χ2 values. 

 

MMSE at time 36 24.67(4.75) 27.78(1.5) 0.003 

FAB at time 0 13.5(2.1) 15.18(1.9) 0.014 

FAB at time 18 12.8(2.5) 15.18(2.3) 0.002 

FAB at time 36 11(3.12) 15.56(1.83) <0.0001 

DRS at time 0 134.13(4.8) 138.96(3.8) 0.002 

DRS at time 18 131.1(12.25) 138.68(2.9) 0.003 

DRS at time 36 129.1(12.43) 139.52(3.3) <0.0001 

Hoehn-Yahr 0 2.52(0.62) 2.02(0.6) 0.016 

Hoehn-Yahr 18 2.73(0.95) 1.8(0.6) <0.0001 

Hoehn-Yahr 36 3(1.16) 2.13(0.55) 0.002 

PD Duration at 

enrollment 

9.6(4.42) 8.02(4.33) 0.126 

GDS 0 2.55(3.14) 1.39(1.55) 0.14 

GDS 6 2.4(2.3) 1.54(1.57) 0.16 

GDS 12 2.6(2.7) 1.7(2) 0.226 

GDS 18 3(2.8) 1.8(2) 0.1 

GDS 24 2.05(2.2) 1.82(1.6) 0.7 

GDS 30 2.8(2.8) 1.6(1.9) 0.11 

GDS 36 2.7(2.5) 2(2) 0.33 

HIS 0 0.75(1.2) 0.71(0.98) 0.9 

HIS 18 1.55(1.9) 1.07(1.7) 0.38 

HIS 36 1.44(1.6) 1.37(1.5) 0.9 

CIRS 0 19.9(2.97) 18.93(2.7) 0.25 

CIRS 18 21.65(3.3) 19.5(2.5) 0.022 

CIRS 36 21.6(4.6) 19.5(2.8) 0.09 
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Table 5. The spontaneous condition of the clock drawing test in PDID and PDND, 

qualitative assessment of its components  

 PDID (%) PDND (%) P Value  

Presence of spatial/planning errors    

0 15 (75) 13 (46.43) 0.048 

18 16 (80) 11 (39.29) 0.005 

36 13 (72.22) 14 (51.85) 0.172 

Presence of conceptual errors    

0 11 (55) 2 (7.14) <0.0001 

18 8 (40) 3 (10.71) 0.017 

36 8 (44) 4 (14.81) 0.028 

Presence of stimulus bound errors    

0 5 (25) 1 (3.57) 0.027 

18  4 (20)  1 (3.57) 0.066 

36 4 (22.22) 3 (11.11) 0.314 

Presence of perseverative errors    

0 1 (5) 0 0.232 

18 1 (5) 0 0.232 

36 1 (5.56) 0 0.215 

Presence of normal size clock    

0 17 (85) 25 (89.29) 0.658 

18 17 (85) 23 (82.14) 0.793 

36 13 (72.22) 22 (81.48) 0.464 

Absence of graphic difficulties    

0 4 (20) 13 (46.43) 0.059 

18 2 (10) 14 (50) 0.004 

36 9 (50) 13 (48.15) 0.088 
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Table 6. The copy condition of the clock drawing test in PDID and PDND, qualitative 

assessment of its components  

 PDID (%) PDND (%) P Value  

Presence of spatial/planning errors    

0 12 (63.16) 8 (28.57) 0.019 

18 14 (73.68) 13 (46.43) 0.064 

36 8 (47.06) 14 (53.85) 0.663 

Presence of conceptual errors    

0 2 (10.53) 0 0.079 

18 3 (15.79) 0 0.030 

36 0 2 (7.69) 0.242 

Presence of stimulus bound errors    

0 0 0 NA 

18  0 0 NA 

36 0 0 NA 

Presence of perseverative errors    

0 0 0 NA 

18 0 0 NA 

36 0 0 NA 

Presence of normal size clock    

0 17 (89.47) 28 (100) 0.079 

18 18 (94.74) 28 (100) 0.22 

36 17 (100) 26 (100) NA 

Absence of graphic difficulties    

0 6 (31.58) 17 (60.71) 0.0499 

18 4 (21.05) 10 (35.71) 0.281 

36 11 (64.71) 14 (53.85) 0.48 

NA: Not applicable 
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Figure 3. Mean scores of the neuropsychological scales at 0, 18, and 36 months 

assessments for PDND and PDID patients. A) Quantitative clock drawing test scores in 

spontaneous and copy conditions. B) Mini-mental State Exam. C) Frontal Assessment 

Battery. D) Dementia Rating Scale. 
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5.3. Correlation analysis 

 

The results of the baseline, 18-month, and 36-month assessments were correlated with 

one another if the results showed significant change over time. 

 

Given that only the FAB and DRS showed decline over time that was statistically 

significant in the PD and control groups, a correlation analysis was done between the two 

tests at each assessment and showed significant positive correlations (Table 7) & (Figure 

4). A correlation analysis was not performed for the remaining tests that were not 

significantly different with controls over time. 

 

In the PD subgroup, correlation was done among the tests that showed statistically 

significant change over time: CCDT, FAB, & DRS (Table 7) (Figures 5-11). The FAB 

correlation with the DRS was stronger in the subgroup comparisons r = 0.61 (P < 0.0001) 

at each time point. There were also positive and significant correlations between the 

CCDT and FAB and the CCDT and DRS at each time point (Table 7). Significance was 

not consistently maintained at 18 months assessment when identified outliers were 

excluded from the analysis (Table 7) & (Figures 4-11). 
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Table 7. Correlation of tests that showed significant changes over time. 

  Baseline 

(r, P Value) 

18 months 

(r, P Value) 

18 months 
(Outliers excluded) 
(r, P Value) 

36 months 

(r, P Value) 

Control  FAB & 

DRS 

r = 0.39, P = 

0.006 

r = 0.33, P 

< 0.0024 

N.A. r = 0.48, P = 

0.0007 

      

PD  FAB & 

DRS 

r = 0.52, P = 

0.0001 

r = 0.60, P 

< 0.0001 

r = 0.60, P < 

0.0001 

r = 0.69, P < 

0.0001 

      

PDID FAB & 

DRS 

r = 0.47, P = 

0.042 

r = 0.54, P 

= 0.018 

r = 0.5, P = 

0.034 

r = 0.65, P = 

0.0082 

 CCDT & 

FAB 

r = 0.55, P = 

0.015  

r = 0.43, P 

= 0.06 

r = 0.26, P = 

0.3 

r = 0.39, P = 

0.113 

 CCDT & 

DRS 

r = 0.47, P = 

0.042 

r = 0.54, P 

= 0.018 

r = 0.09, P = 

0.74 

r = 0.65, P = 

0.0082 

      

PDND FAB & 

DRS 

r = 0.52, P = 

0.004 

r = 0.47, P 

= 0.012 

r = 0.133, P = 

0.5 

r = -0.04, P = 

0.855 

 CCDT & 

FAB 

r = 0.68, P = 

0.0001 

r = 0.29, P 

= 0.13 

r = 0.044, P = 

0.83 

r = 0.045, P 

= 0.825 

 CCDT & 

DRS 

r = 0.32, P = 

0.098 

r = 0.1, P = 

0.625 

r = 0.21, P = 

0.3* 

r = -0.14, P = 

0.49 

N.A.: Not applicable. 

* Two outliers identified and excluded. 
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Figure 4. Entire PD group: Correlation of FAB with DRS at A) 0 months, B) 18 months, 

B1) 18 months excluding outlier, and C) 36 months assessments. 
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Figure 5. Control group: Correlation of FAB with DRS at A) 0 months, B) 18 months, 

and C) 36 months assessments. 
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Figure 6. PDID group: Correlation of FAB with DRS at A) 0 months, B) 18 months, B1) 

18 months excluding outliers, and C) 36 months assessments. 
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Figure 7. PDID group: Correlation of CCDT with FAB at A) 0 months, B) 18 months, 

B1) 18 months excluding outliers, and C) 36 months assessments. 
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Figure 8. PDID group: Correlation of CCDT with DRS at A) 0 months, B) 18 months, 

B1) 18 months excluding outliers, and C) 36 months assessments. 
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Figure 9. PDND group: Correlation of FAB with DRS at A) 0 months, B) 18 months, B1) 

18 months excluding outliers, and C) 36 months assessments. 
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Figure 10. PDND group: Correlation of CCDT with FAB at A) 0 months, B) 18 months, 

B1) 18 months excluding outliers, and C) 36 months assessments. 
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Figure 11. PDND group: Correlation of CCDT with DRS at A) 0 months, B) 18 months, 

B1) 18 months excluding outliers, and C) 36 months assessments. 
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6. Discussion 

 

This study, in addition to estimating the incidence of PDD, highlights the utility of 

several neuropsychological assessment tools to track change in PD patients over time. 

Our PD patients had an incidence of PDD that was similar to previously published rates. 
73, 74 The survival analysis clearly demonstrates the higher incidence of cognitive decline 

in PD patients when compared to controls. Three tools, the CDT, FAB and DRS, appear 

to be of benefit in monitoring for progression to dementia in patients with PD. The 

prospectively collected data allowed for assessing changes that are usually not easily 

identified in cross-sectional studies of PD. 

In multiple analyses in this study older age was repeatedly associated with 

development of dementia, even in the subgroup analysis. In addition to age, higher H&Y 

scores were also associated with decline on the assessment scales. In this cohort where 

dementia developed in a quarter, and in 41.67% of PD patients, cognitive brain defects 

were seen to decline over time in tests that evaluated frontal and posterior cognitive brain 

functions, more so in patients developing dementia. 

One of the main objectives of this study was to detect change in the measurements 

used. In addition to correcting for important confounders, we used random effect models 

for analyzing our longitudinal data set, considering that it is usually not possible to create 

the exact experimental situation each time a measurement is obtained from a participant. 

Another strength for this technique is that it takes into account the scores at baseline. 

General multivariate analyses would not be suitable for data sets amenable to such 

variation. This method allowed us to discriminate the changes occurring over time from 

the existing differences at baseline. 75 

PD patients had lower scores on the quantitative clock drawing tests in comparison to 

controls at each time of assessment, most likely highlighting the cognitive dysfunction 

among these patients even before dementia can be diagnosed. This was seen in both 

spontaneous and copy conditions, but the differences were larger in the spontaneous 

condition. The SCDT may thus be a better tool to determine the presence of executive 

dysfunction early on in the disease course, but as shown in the longitudinal analysis, may 

not be as helpful in assessing progression. Additionally, the SCDT could not consistently 
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differentiate between the two PD subgroups, which is probably because of the 

development of executive dysfunction (which is considered a component of spontaneous 

clock drawing) in most PD patients, even without progressing to cortical dementia, where 

the clock drawing copy is expected to become impaired. These findings are consistent 

with an early prospective study. 76, 77 

The CCDT was able to consistently discriminate within the PD subgroup, and change 

over time, suggesting these patients may be on their way to develop dementia. The SCDT 

and CCDT should be used in combination in the clinical setting, using the SCDT to 

detect impairment, and if abnormalities do not improve on the CCDT, then the individual 

is more likely to be progressing to dementia (Figure 12). Interestingly, in the comparison 

between PD and controls, the CCDT showed significant reduction in the number of 

stimulus bound, perseverative, and conceptual errors, these are primarily frontal 

functions. This was seen both the PD and control participants, but more appreciated in the 

PD group as they were infrequent among controls. The spatial/planning deficits remained 

significantly different between the two groups, which is most likely explained by the 

development of visual-spatial dysfunction in PD patients due to dementia. This suggests 

that the presence of errors on the CDT early on may be a sign of progression to dementia, 

particularly if these errors do not improve in the copy condition. 

 It has been previously demonstrated that difficulties in clock drawing that improve to 

a copy stimulus suggest a problem with executive abilities; where as difficulties with 

both situations may suggest visual spatial impairment. 78, 79 Similar to our study, Cahn-

Weiner et al. looked at the CDT in AD, PDD and LBD patients using the Rouleau 

method. They noted among the qualitative errors that planning and conceptualization 

difficulties were the most prominent, but they were not able to discriminate between the 

three groups by their qualitative errors.31 Among the important predictors that have been 

identified in a prospective study for the development of a more rapid cognitive decline in 

PD were low scores on the pentagon copy at baseline. 76 This is consistent with our 

findings about the CCDT. In an earlier report, Cormack et al. 2004 studied pentagon 

copying among AD, PD, LBD, and PDD patients, and found that there was similar 

performance between DLB and PDD patients. 80 
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We did not examine qualitative subcomponents of the CDT longitudinally as this 

would result in too many variables to analyze in relation to the size of the cohort. Also, 

the interpretation of graphic difficulties in PD patients is difficult, since it may correlate 

with motor symptoms rather than represent cognitive defects. Additionally, the 

correlation between raters was not optimal in some of the subcomponents of the 

qualitative scale. Conversely, the presence or absence of spatial errors correlated well 

between raters and occurred most frequently among the qualitative measures. We 

recommend it should still be used in assessing the CDT.  In addition to the Rouleau scale, 

multiple other scales provide useful information.28, 81 The utility of the CDT in 

differentiating MCI from dementia in non-PD patients is still a topic of debate. In some 

studies it has not been found useful in cognitive impairment cases but helpful in 

identifying those with dementia. 32, 33 

As previous studies have shown, 54, 59 the MMSE scale’s inadequacy to distinguish 

cognitively impaired patients with PD from controls is demonstrated here. This is 

particularly true early in the course of PD.  The difference in the MMSE in the entire 

cohort was not significant until the third assessment, mostly from the effect of patients 

converting to dementia over that time. Although the MMSE scores were consistently and 

significantly lower in the PDID, the decline over time was not significant enough to 

distinguish the group from PDND, while the differences early on in the disease are small. 

The FAB was useful in monitoring progression in patients, in both the primary and 

subgroup analysis. This is in keeping with its utility demonstrated in other studies 40, 45 

and the prominent role that is played by executive dysfunction in PDD. The battery’s 

utility is likely attributed to its subcomponents that have been found abnormal in frontal 

defects, such as phonemic fluency. 82 More recently however, studies have found 

semantic fluency to be more predictive of PDD. 76 The FAB is a useful bedside tool that, 

unlike the DRS, can be easily incorporated into a clinical assessment due to its brevity.  

 

Not surprisingly the DRS showed progressive change over time and was consistently 

lower in the PD group during the primary analysis, and in the PDID group in the 

subgroup analysis. The DRS is accurate in detecting deficits in those with mild 

impairments 12 and sensitive in PDD. 41 It has been previously proposed that a cut-off on 
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the DRS of 132 had good accuracy in detecting dementia in PD. 52 In this study, mean 

values of the PDID subgroup reached 132 at the 18-month assessment, which is in 

keeping with this recommended cut-off. When considering the whole cohort, the mean 

DRS scores at any time point were always above 132. The DRS utility in clinical practice 

is limited by the long duration required for administration. 54 A score of 123 has been 

recommended to discriminate between PDD and PDND, none of the mean DRS scores in 

any of the groups were that low. The lowest mean score (129.1) obtained by the PDID 

group was at least 10 points lower than that of the PDND group, at 36-month assessment. 

There does not seem to be much numerical decline in the scales despite their statistical 

significance. Slow decline has also been demonstrated in other cohorts. Williams-Grey et 

al. did not find much change in the proportion of those with cognitive impairment during 

a 3.5-year follow up of PD. 76 In the follow up study at five years, deficits based on 

abnormal fronto-striatal tasks did not relate to dementia while tasks related to posterior 

regions did. 77 

The FAB and DRS correlated significantly in the cohort, and in the subgroup the 

CCDT, FAB, and DRS each correlated significantly well with one another. The FAB was 

previously found to be correlated with the DRS in a mixed group of dementia patients, 40 

and to be significantly lower in PD patients compared to controls. 44 It is interesting that 

the CCDT correlated well with the FAB and the DRS, this is supported by a study which 

suggested parietal lobe dysfunction being responsible for some impairment on the FAB. 
46  The CDT thus may be a useful screen for detecting PDD. The DRS assesses multiple 

cognitive domains, explaining why it correlated well with the other scales.  

 

Impairments on neuropsychological tools identify impairments in different cognitive 

domains. The FAB is primarily designed to identify cognitive dysfunction localized to 

the frontal lobe. The MMSE and DRS assess multiple domains that correspond to 

different brain regions. Perhaps counter intuitively, the CDT can be applied in a fashion 

similar to the latter two scales in that it assesses multiple domains when both a 

spontaneous and copy format are used. Functional MRI studies have also suggested the 

requirement of the posterior parietal regions among the different stages of the CDT. 83, 84 
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With regard to study limitations, our cohort was only followed for a period of three 

years; therefore, it is difficult to determine how the results would have varied had the 

period been longer. One study observed that the mean duration of PD at the time criteria 

for dementia first became fulfilled was 13.8 ± 6.3 years. 4 Similarly, not much change 

was found in the proportion of patients with dementia in another cohort study of PD 

patients followed for 3.5 years. 76 Attrition may be of concern as dementia was only 

determined at the 36-month assessment and prior to that there were six deaths and three 

dropouts. Another potential source of bias is that some PD patients and controls were 

from the same social circuit and could possibly have shared factors that influence the risk 

of developing a particular outcome. 

 

In summary, tests that assess executive dysfunction such as the CDT, FAB and DRS 

are useful in discriminating non-demented PD and control patients with early cognitive 

impairments. The CCDT, FAB, and DRS are able to discriminate PDID from PDND 

patients over time and suggest which patient may be progressing to dementia. Thus they 

are also likely to be useful in following the cognitive status of individual patients over 

time. The spontaneous and copy stages of the CDT should be used together, as it can help 

differentiate between those with PD executive dysfunction only, from PD patients 

developing dementia. 

 

Figure 12. Examples of performance on the Clock Drawing Test: A) A patient with PDID 

exhibits impaired performance on the SCDT starting at baseline with relatively preserved 

performance on the CCDT until 36 months with similar impairment in both situations. B) 

There is impaired performance on the SCDT in a PDND patient at each time point while 

the performance on the CCDT remained intact. C) A PDID patient with impairments in 

both CDT situations from baseline with more pronounced difficulties in the SCDT. 

Performance declines over time in both situations. 
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8. Appendix 

 

Appendix 1-Table of results of mixed effect analysis of PD versus controls.  

 

SCDT  

 Coefficient (change on the 

SCDT score) 

Z score, P value 

PD group (vs controls) -1.30  -3.57, <0.0001 

Time  0.01 -1.09, 0.277 

Interaction (Group x Time) -0.002 -0.19, 0.85 

Education (years) -0.002 -0.04, 0.97 

Age -0.16 -4.81, <0.0001 

Sex (males) 0.19 0.62, 0.534 

 

 

CCDT  

 Coefficients (change on the 

CCDT score) 

Z score, P value 

PD group (vs controls) -0.5 -1.91, 0.056 

Time -0.001 -1.32, 0.188 

Interaction (Group x Time) -0.011 -1.35, 0.176 

Males 0.22 1.04, 0.297 

Age -0.085 -3.81,  < 0.0001 

Education 0.02 0.65, 0.517    
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MMSE 

 Coefficients (change on the 

MMSE score) 

Z score, P value 

PD group (vs controls) -0.348 -0.79, 0.431  

Time -0.0199 -2.12, 0.034   

Interaction (Group x Time) -0.025 -1.89, 0.059  

Males -0.324 -0.85, 0.398  

Age -0.148 -3.67, < 0.0001  

Education 0.613 1.05, 0.294  

 

FAB 

 Coefficients (change on the 

FAB score) 

Z score, P value 

PD group (vs controls) -0.707   -1.84, 0.066  

Time 0.018    2.08, 0.038  

Interaction (Group x Time) -0.039 -3.22, 0.001  

Males 0.708   2.16, 0.031  

Age -0.206  -5.96, < 0.0001  

Education 0.073   1.46, 0.145  
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DRS 

 Coefficients (change on the 

DRS score) 

Z score, P value 

PD group (vs controls) -1.793 -1.59, 0.111 

Time 0.01 0.43, 0.664 

Interaction (Group x Time) -0.066 -1.99, 0.046  

Males 0.327 0.33, 0.741 

Age -0.408 -3.89, < 0.0001 

Education 0.145 0.96, 0.337 
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Appendix 2-Table of results of mixed effect analysis of PD subgroup, comparing PDID 

with PDND.  

 

CCDT  

 Coefficients (change on the 

CCDT score) 

Z score, P value 

PDID group (vs PDND) -0.513 -1.27, 0.203 

Time -0.002  -0.22, 0.824 

Interaction (Group x Time) -0.03 -2.05, 0.040 

Age -0.057 -1.58, 0.115 

Males 0.515   1.82, 0.069  

Education -0.006 -0.12, 0.907 

H & Y -0.674 -3.42, 0.001 

 

MMSE 

 Coefficients (change on the 

MMSE score) 

Z score, P value 

PDID group (vs PDND) -0.866  -1.10, 0.270 

Time -0.022 -1.66, 0.098  

Interaction (Group x Time) -0.031 -1.46, 0.145  

Age 0.011   0.14, 0.889  

Males -0.191  -0.30, 0.760  

Education 0.044 0.40, 0.688  

H & Y -1.514  -4.58, < 0.0001  
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FAB 

 Coefficients (change on the 

FAB score) 

Z score, P value 

PDID group (vs PDND) -0.141 -0.23, 0.821  

Time 0.013 1.07, 0.285  

Interaction (Group x Time) -0.076 -3.91, < 0.0001  

Age -0.192 -3.25, 0.001  

Males 0.829   1.76, 0.078  

Education 0.007   0.09, 0.930  

H & Y -0.693 -2.46, 0.014  

 

DRS 

 Coefficients (change on the 

DRS score) 

Z score, P value 

PDID group (vs PDND) -1.227 -0.60, 0.545  

Time 0.025 0.71, 0.476 

Interaction (Group x Time) -0.207 -3.59, < 0.0001 

Age -0.378 -1.91, 0.057 

Males 0.662 0.42, 0.676  

Education -0.125 -0.45, 0.655  

H & Y -2.61 -2.63, 0.009  

 

 


