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ABSTRACT	
	
Background: The presence of subjective cognitive complaints ȋSCCȌ as a predictor of cognitive impairment in Parkinson´s disease ȋPDȌ has shown conflicting results. Most previous studies only assessed complaints in the memory domain.  We investigate the association of SCCs across cognitive domains with development of mild cognitive impairment ȋPD-MC)Ȍ and dementia ȋPDDȌ in PD, and to assess agreement between SCCs and objective cognitive impairments in this population. 
Methods:  This is a retrospective analysis of a prospective cohort study. Participants were enrolled at six North-American movement disorders centers. They underwent neuropsychological and non-cognitive clinical evaluations, including the modified Neurobehavioral )nventory to elicit SCC ȋrated by each patient and independently by their close contact ȋCCȌȌ. Associations between SCCs and development of future cognitive impairment were assessed. Agreement between SCCs and objective impairment within the same domain was also calculated. 
Results:  Of ͳ͵ͺ included PD patients, Ͷʹ% fulfilled criteria for PD-MC). None of the NB) items predicted development of cognitive impairment after one and two years in PD with normal cognition. )n PD-MC) patients, SCCs related to attention predicted dementia at year one. CC ratings of SCCs related to memory and language problems predicted PDD in PD-MC) patients. According to CC reported patients’ complaints, there was a significant agreement between SCCs and objective cognitive test scores on attention.   
Conclusions: Eliciting SCCs including cognitive domains other than memory is crucial for a complete evaluation, including both patient and CC report. Memory, 
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language and especially attention SCCs in PD-MC) may predict progression to dementia.   
	

	

INTRODUCTION 
Mild cognitive impairment ȋMC)Ȍ and dementia are well-recognized entities in Parkinson’s disease ȋPDȌ. MC) is characterized by cognitive deficits with no effect on daily functioning, but a subjective cognitive complaint ȋSCCȌ is needed for the diagnosis.ͳ This entity represents an intermediate state between normal cognition and dementia. )ts frequency ranges from ʹͲ% to ͸ͷ% among PD patients ʹ,͵ 
)n the general aging population as well as in PD,Ͷ SCCs are very common.  )ncreasing evidence links subjective decline with an increased risk for future cognitive decline and Alzheimer’s disease ȋADȌ.ͷ-͹ Therefore, in non-cognitively impaired subjects, SCCs may reflect subtle cognitive deficits. (owever, the presence of cognitive complaints as a predictor of cognitive impairment in PD has shown conflicting results. Erroͺ, (ongͻ and GaltierͳͲ found that the presence of cognitive complaints predicted PD-MC) after ʹ, ʹ.ͷ and ͹.ͷ years of follow up, respectively. Conversely, we recently found no association between SCC and cognitive impairment at the time of the evaluation or cognitive decline after one and two years of follow up in individuals with PD without dementia ȋPD with normal cognition [PD-CN] and PD-MC)Ȍ.ͳͳ These conflicting findings might correspond to the methodology used. The first three studies based the presence of cognitive complaints only on the existence of memory complaints and used PD-MC) criteria level ), which provide less diagnostic certainty than level )) criteria. )n our previous study, we used several methods of eliciting cognitive complaints, covering cognitive complaints in attention, memory, executive function, language and non-verbal skills, and applied PD-MC) level )) criteria.ͳͳ According to previous studies, memory complaints may be particularly predictive of future cognitive decline in PD. Since cognitive impairment in PD is heterogeneous and may involve different cognitive domains, it is important to understand the role of complaints in 
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other domains as a potential marker of cognitive decline. )n addition, specific cognitive complaints that predict Parkinson’s disease dementia ȋPDDȌ in PD-MC) have not been evaluated and might represent a marker of progression to dementia in this population.  
Gradual cognitive decline is required as a part of the diagnosis of PD-MC) and can be inferred from SCCs reported by either the patient or the informant or may be observed by the physician. Copeland et al. showed a moderate level of agreement in PD-MC) patients’ and care partners’ subjective reports for memory, language, visuospatial skills, and executive functioning, but not for attention.ͳʹ  (owever, we recently found in a sample of persons with PD without dementia ȋboth PD-CN and PD-MC)Ȍ that there was statistically significant agreement between the CC report of subjective complaints and the patient-reported measures but kappa values were low ȋ<Ͳ.ʹȌ.ͳͳ  Therefore, for cognitive assessment in PD, a CC interview about patient cognitive changes might be an important adjunct to the patient’s report. )n the current study we investigated the association between specific cognitive complaints and the concurrent presence of PD-MC).  Second, we investigated the association between specific cognitive complaints and the development of PD-MC) and PDD after one and two years of follow up. Third, we measured the agreement ȋaccording to presence or absenceȌ among specific cognitive complaints and cognitive domain impairments on neuropsychological testing.    
METHODS	

Subjects	

A non-consecutive, convenience sample of English-speaking persons with PD without dementia were enrolled at six North American tertiary care movement disorders centers for a prospective study of PD-MC) screening measures.  This is a retrospective analysis of the longitudinal cohort study. The recruitment period was from December ʹͲͲͺ to June ʹͲͳͳ. Other inclusion and exclusion criteria have been reported previously.ͳ͵  Written informed consent was obtained from all study participants and participating informed contacts ȋdefined as contact at least twice weeklyȌ before formal screening and study visits. PD patients received an annual 
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clinical evaluation followed ͳ–͵ weeks later by formal neuropsychological testing performed blinded to clinical results.  
The Ethics Committee of each institution approved the study. 
 

Data collection	

Evaluation of non-cognitive PD signs and symptoms and neuropsychological testing was performed at a similar time of day and participants were evaluated in the ON state. PD patients with significant depression ȋa score of ͷ or greaterȌ according to the ͳͷ-item geriatric depression scale ȋGDS-ͳͷȌ were excluded ȋn=ͶȌ.  SCCs were elicited using a modified Neurobehavioral )nventory ȋNB)Ȍ ȋProfessional Resources and Technologies, Westtown, PA, supplementary methodsȌ, a list of ͳͻ cognitively based problems with everyday life. Complaints are grouped in domains related to attention ȋtrouble sustaining attention, trouble listening well, easily distractedȌ, executive function ȋtrouble finishing tasks, trouble sequencing steps, poorly organized/unable to planȌ, memory ȋforgetting recent events, forgetting remote events, forgetting names, forgetting appointments, forgetting medications, forgetting where objects are placedȌ, language ȋtrouble naming, rambling, trouble understanding conversations, trouble understanding what is readȌ and non-verbal skills ȋgetting lost, finding multiple step activities confusing, dressing confusionȌ. This was administered to patients and close contacts ȋCCȌ separately. Questions aimed to identify if a problem was present. The problem was considered as present only in the case of being new and not present the subject’s whole life.ͳͳ,ͳ͵,ͳͶ 
Each new problem is given a score of one point.  Patients free of cognitive complaints would have a score of Ͳ, and the higher score the more cognitive complaints. We also used other methods for eliciting SCC,ͳͳ but we use the NB) for the current analysis as it assesses SCC across specific cognitive domains.  
)mpairment of functional independence related to cognitive problems was assessed by the Disability Assessment for Dementiaͳͷ administered to the CC. 
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When one or more items of the questionnaire were impaired due to cognition, the patient was classified as having dementia. This was modified to specify whether or not impairment related to cognitive problems or to physical limitations and only impairment secondary to cognitive problems was accepted as evidence of functional impairment. The Movement Disorders Society United Parkinson’s Disease Rating Scale ȋMDS-UPDRSȌ was administered by a movement disorders neurologist.   
	

Diagnosis	of	Cognitive	impairment	

Diagnosis of PD-MC) was defined as a score of ͳ.ͷ SD or more below the normative mean on at least two neuropsychological tests to align with the MDS Task Force Level )) criteria.ͳ͸  Since we aimed to evaluate the prognostic value of SCCs, the MC) diagnosis was made solely on the basis of the neuropsychological findings, regardless of the presence of subjective cognitive complaints. PDD was diagnosed according to MDS criteria. This was defined as an impairment in at least two cognitive domains that represents a decline from premorbid level and is severe enough to impair functional independence.ͳ͹  
Neuropsychological	Assessment		The neuropsychological assessment included two tests from ͷ different cognitive domains. ͳȌ Attention: the Delis Kaplan Executive Function System ȋDKEFSȌ Color Word )nterference Color Naming testͳͺ  and the Wechsler Memory Scale-))) letter-number sequencing testͳͻ, ʹȌ Language: the DKEFS Verbal Fluency Category Fluency testͳͺ, ʹͲ and the ͵Ͳ-item Boston Naming Testʹͳ; ͵Ȍ Executive function: the Trail Making Test B minus Aʹʹ and the Visual Verbal Test abbreviated ͳͲ-item versionʹ͵, ͶȌ Memory: the Rey Complex Figure Test and Recognition Trial ȋRCFTȌ Delayed RecallʹͶ  and the California Verbal Learning Test-)) Long Delay Free Recall test; ʹͷ ͷȌ visuospatial function: the Benton Judgment of Line Orientation testʹ͸ and the Copy Trial of the RCFTʹ͸  
Data	Analysis Our analysis was divided in three parts.  
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First, in order to assess the association between each cognitive complaint and PD- MC) diagnosis at baseline, we used a Xʹ test and quantified the association using odds ratios ȋORȌ.  Second, using the same statistical test, we studied the association between specific cognitive complaints at baseline and development of either PD-MC) or PDD in patients who were PD-CN at baseline, and PDD in PD-MC) after ͳ and ʹ years of follow up. A logistic regression analysis was performed for significant associations between specific cognitive complaints and prediction of PD-MC) or PDD ȋafter adjustment for multiple comparisonsȌ. Potential confounders for cognitive impairment ȋage, education and sexȌ were included. Third, we measured the agreement among objective impairment in specific cognitive domains and specific cognitive complaints ȋaccording to presence or absenceȌ using a kappa coefficient ȋkȌ. An impairment of a cognitive domain was considered present when Z-score of at least one of the two test values was at least ͳ.ͷ SD or more below the normative mean. Within each of the ͵ parts of this study, we defined the threshold for statistical significance as Ͳ.Ͳͷ divided by the number of statistical tests performed. This was Ͳ.ͲͲʹ͸ for the first and second analysis, whereas in the third analysis the threshold was different among the cognitive domains due to the different number of SCC questions related to each domain ȋmemory= Ͳ.Ͳͳ, attention= Ͳ.Ͳͳ͹, executive function= Ͳ.Ͳͳ͹, language= Ͳ.Ͳͳʹͷ, non-verbal= Ͳ.Ͳͳ͹Ȍ. Statistical analyses were performed with SPSS ʹͲ software ȋ)BM, Armonk, NYȌ.   
RESULTS	

Demographics	Data on ͳ͵ͺ patients were included at baseline. At year ͳ, ͳʹͳ patients were assessed for follow up and, at year ʹ, ͳͲͻ. The median age at baseline was ͹ͳ ȋrange ͸Ͳ-ͺͶȌ and median time from diagnosis was four ȋrange ͳ-ʹͻȌ years.  Fifty-seven ȋͶͳ%Ȍ patients met criteria for diagnosis of PD-MC) at baseline since they had impairment on two or more tests of the core neuropsychological test battery.  Demographic, motor and other clinical features of the patients at baseline and follow up are listed in Table ͳ.  After one year of follow up ͳͺ ȋʹͷ.͹ͳ%Ȍ PD-CN patients converted to PD-MCI or 
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dementia and ͻ ȋͳ͹.͸ͷ%Ȍ PD-MC) patients converted to PDD. At year ʹ, ͳ͵ ȋʹ͵.͸ͳ%Ȍ PD-CN baseline patients converted to PD-MCI or PDD and ͳͲ ȋʹʹ.ʹʹ%Ȍ PD-MC) patients converted to PDD ȋFigure ͳȌ. The CC included  spouses in the majority of cases ȋ͹ͳ%Ȍ being less common, children ȋͳͷ%Ȍ, friend/neighbor ȋͻ%Ȍ and sibling, partner/girlfriend ȋʹ% eachȌ. )n addition, isolated cases of daughter-in-law and roommate were included as  informants.  
1.	Association	between	Cognitive	Complaint	and	PD‐MCI	diagnosis	at	baseline.		

There were no specific cognitive complaints significantly associated with PD-MC) after adjustment for multiple comparisons. Before adjustment for multiple comparisons several questions were associated with cognitive impairment ȋSupplementary table ͳȌ 
ʹ. Association	between	Cognitive	Complaint	in	PD‐CN	at	baseline	and	progression	to	

MCI	or	dementia	at	year	1	and	2.  
None of the NB) items predicted development of cognitive impairment after ͳ and ʹ years in individuals who were PD-CN at baseline. Supplementary tables ʹ and ͵ show which of the questions predicted cognitive impairment in this group of patients before multiple comparisons adjustment.   
͵. Association	between	Cognitive	Complaint	in	PD‐MCI	at	baseline	and	progression	to	

PDD	at	year	1	and	2.		)n individuals determined to have PD-MC) at baseline, patient-reported inattentiveness at year ͳ was associated with development of PDD at year ͳ ȋp=Ͳ.ͲͲͳ, OR=ͳ͸; table ʹȌ, after adjusting for potential confounders there was a   trend towards significance ȋp=Ͳ.Ͳͷͳ, OR=ʹ.Ͷ͸Ȍ. No patient-reported SCC at baseline were associated with development of PDD at year ʹ ȋTable ͵Ȍ. Close contact-reported SCC about forgetting medications, difficulty understanding conversations, and difficultly understanding what is read was associated with PDD at year ͳ ȋp=Ͳ.ͲͲͳ, OR=ͳ͸; p=Ͳ.ͲͲʹ, OR=ʹͲ.ͷ, and p= Ͳ.ͲͲʹ, OR=ͳ.ʹͻ, respectively; table ʹȌ. The two first SCC remained significant after adjusting for confounders: forgetting medications ȋOR=ʹ͵,ʹ͸; p=Ͳ.ͲͲ͵Ȍ and difficulty understanding 
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conversations ȋOR=͵ͺ,Ͷ͸; p=Ͳ.ͲͳȌ.   At year ʹ CC reported SCC for forgetting medications was also associated with PDD ȋp=Ͳ.ͲͲͳ, OR=ʹ.͸ͺ, table ͵Ȍ, this was also significant after  adjusting for confounders ȋOR=͸͸,͸͹, p=Ͳ.ͲͲ͵Ȍ 	 Ͷ.	Agreement	between	subjective	complaints	and	objective	cognitive	impairments	

within	the	same	domain		 	)n PD-MC) patients, there was no statistically significant agreement between subjective complaints and objective cognitive impairments within the same domain.  See table Ͷ for significant agreement before adjusting for multiple comparisons. 	According to CC reported patients’ complaints, agreement for the presence of a cognitive complaint occurred more frequently than by chance between attention questions related to trouble listening well and easily distracted and attention domain impairment ȋboth comparisons p=Ͳ.ͲͲʹ, kappa=Ͳ.͵ͺ͹, fair agreementȌʹ͹. Before multiple comparisons correction, there was also significant agreement between  domains-specific cognitive complaints and objective cognitive test scores ȋsee table ͷȌ.  
 
DISCUSSION Considering the contradictory results of previous reports about the relationship between cognitive complaints and development of objective cognitive impairment in PD and the limited examination of complaints outside the memory domain, we aimed to find if SCCs beyond memory complaints could predict cognitive decline in PD. For this purpose, we used the NB) questionnaire that allows for the description of specific domains of complaint and is very clear for tabulating the type and number of items. This inventory has been used reliably in multicenter patient samples and related analyses ͳͳ,ͳ͵,ͳͶ  
Our main finding was that specific SCCs are associated with dementia in patients with PD-MC). Regarding patients’ complaints, PD-MC) subjects who considered themselves inattentive had a higher risk of developing PDD after one year ȋp=Ͳ.ͲͷͳȌ.  (owever, according to CC related to patients, language difficulties ȋunderstanding conversationsȌ and memory complaints about forgetting to take their medications predicted decline after one year of follow up.  )nterestingly, 
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attention deficits are very prominent in PDD, therefore, it is plausible that attention complaints could be an early sign of this typical deficit prior to progression to dementia.ʹͺ Language comprehension complaints were only reported by the CC. Even though processing and comprehension of complex grammar and syntax appear in PD, they are not usually evaluated in the neuropsychological assessment.ʹͻ Also, there is usually lack of awareness of language difficulties.͵Ͳ,͵ͳ The third complaint that predicted progression to dementia was forgetting to take one’s medications, also reported by the CC and not by the patient. This specific memory compliant heralds loss of personal autonomy that defines the diagnosis of dementia.  The Pill Questionnaire,͵ʹ has been proposed as a way to probe this function, and is rated by direct observation of medication reporting by the interviewer and if necessary corroborated by a caregiver. Even though this questionnaire is neither sensitive nor specific as the sole screening tool for PD-MC) or as a measure of functional impairments,͵ʹ inaccurate medication reporting by the CC in the presence of a diagnosis of PD-MC) has been shown to predict development of dementia in the next year.͵͵,͵Ͷ This is in keeping with our results. 
)n the second part of the study we investigated the agreement between subjective and objective cognitive impairment in PD-MC). )nterestingly, we found a fair agreement between attention SCCs ȋtrouble listening well and easily distractedȌ according to CC complaints and attention  domain impairment, but not with patients´ complaints. As PD-MC) patients may be unaware of their cognitive deficits͵Ͳ,͵ͳ and there is no agreement in attention complaints between patients and CC reportsͳʹ,ͳ͵, we emphasize that it is important to elicit SCCs from patients and CC. Unexpectedly, we found slight agreement between patients´ complaints about forgetting names and visuospatial impairment and no statistically significant agreement for the rest of the variables.  Even though these measures seem to be independent, difficulty naming along with visuospatial deficits are reported to be characteristic of the typical cortical dysfunction that appears in the transition to dementia in PD.͵ͷ 
Finally, regarding PD-CN subjects, we did not find any SCCs that predicted cognitive deterioration. Results may have been affected by sample size or the a	

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 ͳͳ

priori decision to apply Bonferroni corrections, which some authors feel is too stringent.͵͸ )f considering study results prior to application of the Bonferroni correction, patient-reported concerns regarding understanding and difficulty remembering medications could both predict cognitive deterioration in PD-CN individuals. )t is plausible that these concerns may have particular value given that they had statistically significant associations with development of PDD when reported in individuals with PD-MC).  
The main limitation of the present study is the number of PD patients assessed.  The number of patients who converted to PD-MC) or dementia at ͳ and ʹ years was similar to what has been previously reported,͵͹  however considering that PD-MC) is a very heterogeneous entity, it is likely that we need a larger sample of PD-CN to predict different PD-MC) subtypes, and the relationships between SCCs and objective deficits may differ across subtypes. Unlike those individuals with amnestic MC) leading to dementia associated with AD neuropathology, PD-MC) shows more widespread, multidomain impairments while memory impairment does not always occur.͵,͵ͺ This heterogeneity may underlie different pathophysiological substrates. Even though the subtypes of cognitive impairment in PD are not well defined yet, the longitudinal CamPa)GN study in provides a strong argument for this. persons with PD without dementia were classified as a frontostriatal/executive or posterior cortical ȋlanguage and visuospatial deficitsȌ dysfunction profile, the latter predicted dementia within ͷ years of PD diagnosis.͵ͻ Of note, cognitive functions and subjective memory complaints in PD patients can be affected by presence of depression. (owever, our study excluded patients with significant depression at baseline.ͶͲ, Ͷͳ    
The main strength of our work is that we assessed presence of SCCs not only in the memory realm but also within the other main cognitive domains ȋi.e. attention, executive function, language and non-verbal cognitive functionsȌ. The importance of the evaluation of specific cognitive complaints is that they are not only related to memory and reflect new subjective difficulties that may herald dementia in PD.  This is an easy assessment that could be considered to be included in the formal neuropsychological assessment. Also, as opposed to some other studies that applied level ) MDS criteria for PD-MC) diagnosisͺ-ͳͲ we applied level )) criteria that 
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seem to be more accurate since they include a comprehensive neuropsychological assessment evaluating the five cognitive domains.ͳ͸ 
We can conclude that eliciting SCCs from both patients and contacts that assess different domains is crucial for a complete evaluation of cognition in PD. Our findings suggest that whereas patients´ complaints related to inattention may predict progression to dementia in PD-MC), they might not be aware of deficits in memory and language reported by their CC. )n this regard, forgetting medications and difficulties understanding seem to be associated with the emergence of dementia in the short term. Therefore, we conclude that eliciting cognitive complaints including all cognitive domains and not only memory, may help to predict cognitive outcome. This is an easy and short evaluation that should be administered to both patient and CC.  These results require replication with  a larger sample allowing investigation of these relationships within subtypes of PD-MC).   
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dementia. Am J Occup Ther ͳͻͻͻ; ͷ͵: Ͷ͹ͳ-Ͷͺͳ. ͳ͸.  Litvan ), Goldman JG, Troster A), Schmand BA, Weintraub D, Petersen RC, et al. Diagnostic criteria for mild cognitive impairment in Parkinson’s disease: Movement Disorder Society Task Force guidelines. Mov Disord ʹͲͳʹ; ʹ͹; ͵Ͷͻ- ͵ͷ͸. ͳ͹.      Emre M, Aarsland D, Brown R Burn DJ, Duyckaerts C, Mizuno Y, et al. Clinical diagnostic criteria for dementia. Clinical diagnostic criteria for dementia       associated with Parkinson’s disease Mov Disord ʹͲͲ͸; ʹʹ, ͳ͸ͺͻ-ͳ͹Ͳ͹.  ͳͺ.      Delis, DC., Kaplan, E., Kramer J. Examiner’s Manual for the Delis-Kaplan Executive Function System. Child Neuropsychology ʹͲͲͳ; ͳͲ: ͵Ͳͳ-͵Ͳ͵. ͳͻ.  Wechsler D. Wechsler Memory Scale- ȋFourth Ed.Ȍ. The Psychological Corporation. ʹͲͳͲ.  ʹͲ.  Goldman JG, (olden S, Ouyang B, Bernard B, Goetz CG, Stebbins GT. Diagnosing PD-MC) by MDS task force criteria: (ow many and which neuropsychological tests? Mov Disord ʹͲͳͷ; ͵Ͳ: ͶͲʹ-ͶͲ͸.   ʹͳ.  E, Goodglass ( WS. The Boston Naming Test. Philadelphia Lea Febiger. ͳͻͺ͵.  ʹʹ.  Williams BW, Mack W, (enderson VW. Boston naming test in Alzheimer’s disease. Neuropsychologia. ͳͻͺͻ. ʹ͵.  Carone DA.  E. Strauss, E. M. S. Sherman, & O. Spreen, A Compendium of Neuropsychological Tests: Administration, Norms, and Commentary . Appl Neuropsychol. ʹͲͳͲ. ʹͶ.  Meyers JE, Meyers KR. Rey Complex Figure Test and recognition trial. Psychological Assessment Resources. ͳͻͻͷ.  ʹͷ.  Delis DC, Kramer J(, Kaplan E, Ober BA. California Verbal Learning Test – second edition. Adult version. Manual. Test. ʹͲͲͲ.  ʹ͸.  Benton, Arthur L., Sivan, Abigail B., (amsher, Kerry deS, Varney, Nils R., and Spreen O. Contributions to Neuropsychological Assessment: A Clinical Manual. Oxford University Press. ͳͻͻͶ.  ʹ͹.  Landis JR, Koch GG. The Measurement of Observer Agreement for Categorical Data Data for Categorical of Observer Agreement The Measurement ʹͲͳ͵;͵͵:ͳͷͻ–ͳ͹Ͷ.  ʹͺ.  (anagasi (A, Tufekcioglu Z, Emre M. Journal of the Neurological Sciences Dementia in Parkinson ’ s disease. J Neurol Sci ʹͲͳ͹;͵͹Ͷ: ʹ͸–͵ͳ.  ʹͻ.  Smith KM, Caplan DN. Brain and Language Communication impairment in Parkinson ’ s disease : )mpact of motor and cognitive symptoms on speech and language. Brain Lang ʹͲͳͺ;ͳͺͷ:͵ͺ–Ͷ͸.  ͵Ͳ.  Kudlicka A, Clare L, (indle J V. Awareness of Executive Deficits in People with Parkinson ’ s Disease ʹͲͳ͵;ͷͷͻ–ͷ͹Ͳ.  ͵ͳ.  Donata M, Assogna F, Pellicano C, Ernesto F, Caltagirone C, Pierantozzi M, et al. Parkinsonism and Related Disorders Anosognosia for cognitive and behavioral symptoms in Parkinson ’ s disease with mild dementia and mild cognitive impairment : Frequency and neuropsychological / neuropsychiatric correlates. Park Relat Disord ʹͲͳͺ; ͷͶ: ͸ʹ-͸͹. ͵ʹ.  Reginold W, Armstrong MJ, Duff-Canning S, Lang A, Tang-Wai D, Fox S, et al. The pill questionnaire in a nondemented Parkinson’s disease population. Mov Disord ʹͲͳʹ;ʹ͹:ͳ͵Ͳͺ–ͳ͵ͳͳ.  ͵͵.  Christ JBM, Fruhmann M, Riedl E, Prakash D, Csoti ), Molt W, et al. Parkinsonism and Related Disorders (ow precise are activities of daily living scales for the diagnosis of Parkinson ’ s disease dementia ? A pilot 
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study. Park Relat Disord ʹͲͳ͵;ͳͻ:͵͹ͳ–͵͹Ͷ.  ͵Ͷ.  Lee W, Chang Y, Lin J, Sung Y, Li J, Wang S, et al. Comparison of activities of daily living impairments in Parkinson ’ s disease patients as de fi ned by the Pill Questionnaire and assessments by neurologists ʹͲͳͶ;ͺͷ: ͻ͸ͻ–ͻ͹͵.  ͵ͷ.  Pagonabarraga J, Kulisevsky J, Llebaria G, Pascual-sedano B, Gironell A, Garcı C. Parkinson ’ s Disease-Cognitive Rating Scale : A New Cognitive Scale Specific for Parkinson ’ s Disease ʹͲͲͺ;ʹ͵:ͻͻͺ–ͳͲͲͷ.  ͵͸.  Bonferroni, Carlo E. )n: The Concise Encyclopedia of Statistics [)nternet]. New York, NY: Springer New York; ʹͲͲͺ. p. ͷͲ–ͳ.  ͵͹.      Saredakis D, Collins-Praino LE, Gutteridge DS, Stephan BCM, Keage (AD. Conversion to MC) and dementia in Parkinson's disease: a systematic review and meta-analysis. Parkinsonism Relat Disord ʹͲͳͻ;͸ͷ:ʹͲ–͵ͳ.  ͵ͺ.  Kehagia AA, Barker RA, Robbins TW. Neuropsychological and clinical heterogeneity of cognitive impairment and dementia in patients with Parkinson ’ s disease. Lancet Neurol  ʹͲͳͲ;ͻ:ͳʹͲͲ–ͳʹͳ͵.  ͵ͻ.  Williams-gray C(, Evans JR, Goris A, Foltynie T, Ban M, Robbins TW, et al. The distinct cognitive syndromes of Parkinson ’ s disease : ͷ year follow-up of the CamPa)GN cohort. Brain ʹͲͲͻ; ͳ͵ʹ:ʹͻͷͺ–ʹͻ͸ͻ.  ͶͲ.      Santangelo G, Vitale C, Trojano L, Longo K, Cozzolino A, Grossi D, et al. Relationship between depression and cognitive dysfunctions in Parkinson's disease without dementia.J Neurol ʹͲͲͻ;ʹͷ͸:͸͵ʹ-͸͸͵ Ͷͳ.      Santangelo G, Vitale C, Trojano L, Angrisano MG, Picillo M, Errico D, et al. Subthreshold depression and subjective cognitive complaints in Parkinson's disease. Eur J Neurol. ʹͲͳͶ;ʹͳ:ͷͶͳ-ͷͶͶ.    
Figure	legend:	

Figure	1: Graphical summary of of conversion and reversion rates at year and and ʹ of follow up according to PD cognitive diagnosis at baseline.  BL= baseline, PD- CN= Parkinson´s disease with normal cognition, PD-MC)=  Parkinson´s disease with mild cognitive impairment, PDD= Parkinson´s disease  with dementia. Yͳ= year ͳ, Yʹ= year ʹ     
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Taďle ϭ. BaseliŶe ChaƌaĐteƌistiĐs 
   

BaseliŶe  ϭ yeaƌ  Ϯ yeaƌs 
Total Ŷo.  ϭϯϴ  ϭϮϭ   ϭϬϵ 
Age, y ;ŵediaŶ, ƌaŶge)  ϳϭ.Ϭϲ ;ϱ.ϰϰͿ ϳϭ.ϬϮ ;ϱ.ϯϳͿ  ϳϬ.ϴϮ ;ϱ.ϮϮͿ
GeŶdeƌ, % ŵale  ϲϳ  ϲϴ  ϲϳ 
EduĐatioŶ, y ;ŵediaŶ, ƌaŶge)  ϭϱ.ϴϮ ;Ϯ.ϱϮͿ  ϭϱ.ϵϮ ;Ϯ.ϰϮͿ  ϭϲ.Ϭϭ ;Ϯ.ϰϯͿ 
Estiŵated pƌeŵoƌďid IQ  ϭϭϯ.ϮϬ ;ϵ.ϬϭͿ ϭϭϯ.ϰϴ ;ϵ.ϬϯͿ  ϭϭϰ.ϰϭ ;ϴ.ϯϴͿ
Tiŵe siŶĐe diagŶosis, y ;ŵediaŶ, ƌaŶge)  ϰ ;ϰ.ϱϵͿ  ϰ.ϳϳ ;ϰ.ϬϮͿ  ϰ.ϳϲ ;ϰ.ϬϰͿ 
Total MDS‐UPDRS ;ŵediaŶ, ƌaŶge)  ϰϯ ;ϭϲ.ϴϯͿ  ϰϱ;ϭϲ.ϱϵͿ  ϰϰ;ϭϱ.ϵϬͿ 
MDS‐UPDRS‐III ;ŵediaŶ, ƌaŶge)  Ϯϲ.ϴϬ ;ϭϭ.ϮϴͿ  ϯϬ;ϭϭ.ϰϳͿ  Ϯϲ.ϱϬ;ϭϭ.ϭϬͿ 
Total LEU, ŵg ;ŵediaŶ, ƌaŶge)  ϰϭϰ ;ϯϱϴ.ϯϴͿ  ϱϬϬ ;ϯϯϲ.ϯϱͿ  ϲϬϬ;ϯϰϮ.ϭϵͿ 
MoCA total sĐoƌe ;ŵediaŶ, ƌaŶge)  Ϯϱ.Ϯ ;Ϯ.ϵϯͿ  Ϯϲ;Ϯ.ϵϬͿ  Ϯϲ;Ϯ.ϳϳͿ 
SCOPA‐Cog ;ŵediaŶ, ƌaŶge)  Ϯϳ.ϱϬ;ϰ.ϴϰͿ  Ϯϴ;ϰ.ϳϰͿ  Ϯϵ;ϰ.ϴϭͿ 
MMSE ;ŵediaŶ, ƌaŶge)  Ϯϴ.ϯϬ ;ϭ.ϴϯͿ  Ϯϵ;ϭ.ϴϭͿ  Ϯϵ;ϭ.ϲϳͿ 
PD‐MCI  
        Relatiǀe to estiŵated pƌeŵoƌďid IQ* 
;N,%) 

ϭϭϬ ;ϳϵ.ϳͿ ϵϰ ;ϳϴͿ ϲϵ;ϲϲͿ 

        Relatiǀe to populatioŶ Ŷoƌŵs ** ;N,%) ϱϳ ;ϰϭ.ϯϬͿ ϰϬ ;Ϯϴ.ϴͿ ϯϭ ;ϮϮ.ϯϯͿ
PaƌkiŶsoŶ disease deŵeŶtia *** ;N%) ‐ ϭϭ ;ϵ.ϬϵͿ ϴ ;ϳ.ϯͿ 
GeƌiatƌiĐ DepƌessioŶ sĐale ;ŵediaŶ, ƌaŶge)  ϭ.ϯϬ ;ϭ.ϯϭͿ  ϭ ;ϭ.ϮϲͿ  Ϯ;ϭ.ϯϬͿ 
CogŶitiǀe ĐoŵplaiŶt ŵeasuƌes   
        NBI‐SuďjeĐt # ǁith Ŷo ĐoŵplaiŶt  ϱϱ ;ϯϵ.ϴϬͿ ϯϴ ;ϯϭ.ϵϯͿ Ϯϴ ;Ϯϲ.ϵϮͿ
        NBI‐SuďjeĐt # ǁith oŶe ĐoŵplaiŶt  Ϯϱ ;ϭϴ.ϭϬͿ  Ϯϳ ;ϮϮ.ϲϴͿ  Ϯϰ ;Ϯϯ.ϬϳͿ 
        NBI‐SuďjeĐt # ≥Ϯ ĐoŵplaiŶt  ϱϴ ;ϰϮͿ  ϱϲ ;ϰϳ.ϬϱͿ  ϱϮ ;ϱϬͿ 
        NBI‐Close CoŶtaĐt # ǁith Ŷo ĐoŵplaiŶt   ϵϳ  ϳϲ  ϳϮ 
        NBI‐Close CoŶtaĐt # ǁith oŶe 
ĐoŵplaiŶt 

Ϯϰ  ϮϬ  ϳ 

        NBI‐Close CoŶtaĐt # ≥Ϯ ĐoŵplaiŶt ϭϳ Ϯϰ Ϯϱ 
        GeŶeƌal ĐoŵplaiŶt ƋuestioŶ ;N 
aŶsǁeƌiŶg yes, %) 

ϱϰ ;ϯϵͿ  ϱϭ;ϰϲͿ  ϱϭ;ϰϵͿ 

        UPDRS ϭ.ϭ ;N ǁith sĐoƌe>0,%)  ϰϱ;ϯϮͿ  ϱϭ;ϰϮͿ  ϰϬ;ϯϴͿ 
 
MCI, mild cognitive impairment; MDS-UPDRS-III, Movement Disorders Society United 

Parkinson’s Disease Rating Scale, part 3; LEU, levodopa equivalent units; MoCA, Montreal 

Cognitive Assessment; SCOPA-Cog, Scale for Outcomes in Parkinson’s Disease-Cognition; 

MMSE, Mini-Mental State Examination. 

*Impairment on neuropsycholoical tests defined as 1.5 SD below expected performance based 

on Wechsler Test of Adult Reading 

**Impairment on neuropsychological tests defined as 1.5 SD below population norms 
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***Diagnosis of Parkinson’s disease dementia is when a person is originally diagnosed with 

Parkinson's based on Queen Square Brain Bank criteria and followed by dementia symptoms 

that appear a year or more later 
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Taďle  Ϯ. AssoĐiatioŶ ďetǁeeŶ CogŶitiǀe CoŵplaiŶt iŶ PD ǁith Mild ĐogŶitiǀe IŵpaiƌŵeŶt ;PD‐MCI) at ďaseliŶe aŶd ĐoŶǀeƌsioŶ to deŵeŶtia 
at yeaƌ ϭ  
 

   PatieŶt   Close ĐoŶtaĐt  

NBI íteŵ 

PD‐MCI 
staďle 
;n=ϰ2Ϳ [N 
;%Ϳ] 

PD‐MCI 
Đonverters 
;n=9Ϳ [N 
;%Ϳ] 

p‐value and OR 
;2x2Ϳ 

PD‐MCI 
staďle ;n=ϰ2Ϳ 
[N ;%Ϳ] 

PD‐MCI 
;n=9Ϳ 
Đonverters 
[N ;%Ϳ] 

p‐value and 
OR ;2x2Ϳ 

Meŵoƌy 
ϭ.FoƌgettiŶg ƌeĐeŶt eǀeŶts  ϴ ;ϭϵ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.ϴϮϴ ;ϭ.ϮϭͿ  ϰ ;ϵ.ϱ%Ϳ  ϰ ;ϰϰ%Ϳ  Ϭ.ϬϬϵ ;ϳ.ϲͿ 
Ϯ.FoƌgettiŶg ƌeŵote eǀeŶts  ϲ ;ϭϰ.ϯ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.ϱϱϮ ;ϭ.ϳϭͿ  ϱ ;ϭϭ.ϵ%Ϳ  ϯ ;ϯϯ%Ϳ  Ϭ.ϭϬϵ ;ϯ.ϳͿ 
ϯ.FoƌgettiŶg Ŷaŵes  ϴ ;ϭϵ%Ϳ  ϰ ;ϰϰ%Ϳ  Ϭ.ϭϬϯ ;ϯ.ϰϬͿ  ϳ ;ϭϲ.ϳ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.ϲϵϮ ;ϭ.ϰϯͿ 
ϰ.FoƌgettiŶg appoiŶtŵeŶts  Ϭ ;Ϭ%Ϳ  Ϭ ;Ϭ%Ϳ  NA  Ϯ ;ϰ.ϴ%Ϳ  ϯ ;ϯϯ%Ϳ  Ϭ.ϬϬϵ ;ϭϬ.ϬϬͿ 
ϱ. FoƌgettiŶg ŵediĐatioŶs  Ϯ ;ϰ.ϴ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.Ϭϳϳ ;ϱ.ϳϭͿ  Ϯ;ϰ.ϴ%Ϳ  ϰ ;ϰϰ%Ϳ  0.00ϭ;ϭϲ.00) 
ϲ. FoƌgettiŶg ǁheƌe oďjeĐts aƌe plaĐed  ϱ ;ϭϭ.ϵ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.ϰϭϰ ;Ϯ.ϭϭͿ  ϴ ;ϭϵ%Ϳ  ϲ ;ϲϳ%Ϳ  Ϭ.ϬϬϰ ;ϴ.ϱͿ 
AtteŶtioŶ 
ϭ. Tƌouďle sustaiŶiŶg atteŶtioŶ  ϰ ;ϵ.ϱ%Ϳ  Ϭ ;Ϭ%Ϳ  Ϭ.ϯϯϱ ;Ϭ.ϵϭͿ  ϰ ;ϵ.ϱ%Ϳ  ϰ ;ϰϰ%Ϳ  Ϭ.ϬϬϵ ;ϳ.ϲͿ 
Ϯ. Tƌouďle listeŶiŶg 
ϯ. Well  Ϯ ;ϰ.ϴ%Ϳ  ϰ ;ϰϰ%Ϳ  0.00ϭ ;ϭϲ.00)  ϱ ;ϭϭ.ϵ%Ϳ  ϭ ;ϭϭ%Ϳ  Ϭ.ϵϰϳ ;Ϭ.ϵϯͿ 

easily distƌaĐted  ϯ ;ϳ.ϭ%Ϳ  Ϭ ;Ϭ%Ϳ  Ϭ.ϰϬϵ ;Ϭ.ϵϯͿ  ϱ ;ϭϭ.ϵ%Ϳ  ϭ ;ϭϭ%Ϳ  Ϭ.ϵϰϳ ;Ϭ.ϵϯͿ 
EǆeĐutiǀe 
ϭ.Tƌouďle fiŶishiŶg tasks  ϱ ;ϭϭ.ϵ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.ϰϭϰ ;Ϯ.ϭϭͿ  ϯ ;ϳ.ϭ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.ϭϲϳ ;ϯ.ϳϭͿ 
Ϯ. Tƌouďle seƋueŶĐiŶg steps  ϭ ;Ϯ.ϰ%Ϳ ϭ ;ϭϭ%Ϳ Ϭ.ϮϮϭ ;ϱ.ϭϯͿ  Ϭ ;Ϭ%Ϳ Ϭ ;Ϭ%Ϳ NA
ϯ. Pooƌly oƌgaŶized/uŶaďle to plaŶ  Ϯ ;ϰ.ϴ%Ϳ  Ϭ ;Ϭ%Ϳ  Ϭ.ϱϬϰ ;Ϭ.ϵϱͿ  ϯ ;ϳ.ϭ%Ϳ  ϯ ;ϯϯ%Ϳ  Ϭ.ϬϮϳ ;ϲ.ϱϬͿ 
LaŶguage 
ϭ.Tƌouďle ŶaŵiŶg  ϳ ;ϭϲ.ϳ%Ϳ  ϯ ;ϯϯ%Ϳ  Ϭ.Ϯϱϯ ;Ϯ.ϱϬͿ  ϰ ;ϵ.ϱ%Ϳ  ϰ ;ϰϰ%Ϳ  Ϭ.ϬϬϵ ;ϳ.ϲϬͿ 
Ϯ. RaŵďliŶg  ϯ ;ϳ.ϭ%Ϳ  ϭ ;ϭϭ%Ϳ  Ϭ.ϲϴϴ ;ϭ.ϲϯͿ  ϰ ;ϵ.ϱ%Ϳ  ϭ ;ϭϭ%Ϳ  Ϭ.ϴϴϰ ;ϭ.ϭϵͿ 
ϯ. Tƌouďle uŶdeƌstaŶdiŶg ĐoŶǀeƌsatioŶs ϭ ;Ϯ.ϰ%Ϳ  Ϭ ;Ϭ%Ϳ  Ϭ.ϲϰ ;Ϭ.ϵϴͿ  ϭ;Ϯ.ϰ%Ϳ  ϯ ;ϯϯ%Ϳ  0.00Ϯ ;Ϯ0.ϱ0) 
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ϰ. Tƌouďle uŶdeƌstaŶdiŶg ǁhat is ƌead  ϯ ;ϳ.ϭ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.ϭϲϳ ;ϯ.ϳϭͿ  Ϭ ;Ϭ%Ϳ  Ϯ ;ϮϮ%Ϳ  0.00Ϯ ;ϭ.Ϯϵ0) 
NoŶ‐ǀeƌďal 
ϭ.GettiŶg lost  Ϭ ;Ϭ%Ϳ  Ϭ ;Ϭ%Ϳ  NA  Ϭ ;Ϭ%Ϳ  Ϭ ;Ϭ%Ϳ  NA 
Ϯ. FiŶdiŶg ŵultiple step aĐtiǀities 
ĐoŶfusiŶg  ϯ;ϯϯ.ϯ%Ϳ  Ϭ;Ϭ%Ϳ  Ϭ.ϰϬϵ ;Ϭ.ϵϯͿ  Ϯ ;ϰ.ϴ%Ϳ  Ϯ ;ϮϮ%Ϳ  Ϭ.Ϭϳϳ ;ϱ.ϳϭͿ 

ϯ. DƌessiŶg ĐoŶfusioŶ  Ϭ;Ϭ%Ϳ  Ϭ;Ϭ%Ϳ  NA  Ϭ;Ϭ%Ϳ  ϭ ;ϭϭ%Ϳ  Ϭ.ϬϮϵ ;ϭ.ϭϯͿ 
 
* The threshold for statistiĐal sigŶifiĐaŶt ĐoŶsideriŶg ĐorreĐtioŶ for ŵultiple ĐoŵparisoŶs = Ϭ.ϬϬϮϲ. StatistiĐally sigŶifiĐaŶt results are showŶ iŶ ďold type. 
StatistiĐally sigŶifiĐaŶt results ďefore ŵultiple ĐoŵparisoŶs ĐorreĐtioŶ are showŶ iŶ italiĐs. 
‐ NA= ŶoŶ adŵitted 
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Taďle ϯ. AssoĐiatioŶ ďetǁeeŶ CogŶitiǀe CoŵplaiŶt iŶ PD ǁith Mild ĐogŶitiǀe IŵpaiƌŵeŶt ;PD‐MCI) at ďaseliŶe aŶd ĐoŶǀeƌsioŶ to deŵeŶtia at 
yeaƌ Ϯ 
 

   PatieŶt   Close ĐoŶtaĐt  

NBI íteŵ  PD‐MCI staďle 
;n=ϯϱͿ [N ;%Ϳ] 

PD‐MCI 
Đonverters 
;n=ϭϬͿ [N 
;%Ϳ] 

p‐value and OR 
;2x2Ϳ 

PD‐MCI 
staďle ;n=ϯϱͿ 
[N ;%Ϳ] 

PD‐MCI 
;n=ϭϬͿ 
Đonverters 
[N ;%Ϳ] 

p‐value and 
OR ;2x2Ϳ 

Meŵoƌy 
ϭ.FoƌgettiŶg ƌeĐeŶt eǀeŶts  ϴ ;ϮϮ.ϯ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϴϰϴ ;Ϭ.ϴϰͿ  ϯ ;ϴ.ϲ%Ϳ  ϰ ;ϰϬ%Ϳ  Ϭ.Ϭϭϲ ;ϳ.ϭͿ 
Ϯ.FoƌgettiŶg ƌeŵote eǀeŶts  ϱ ;ϭϰ.ϯ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϲϲϬ ;ϭ.ϱϬͿ  ϰ ;ϭϭ.ϰ%Ϳ  ϯ ;ϯϬ%Ϳ  Ϭ.ϭϱϯ ;ϯ.ϯϮͿ 
ϯ.FoƌgettiŶg Ŷaŵes  ϵ ;Ϯϱ.ϳ%Ϳ  ϯ ;ϯϬ%Ϳ  Ϭ.ϳϴϳ ;ϭ.ϮϰͿ  ϲ ;ϭϳ.ϭ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϴϯϱ ;ϭ.ϮϭͿ 
ϰ.FoƌgettiŶg appoiŶtŵeŶts  Ϭ ;Ϭ%Ϳ  Ϭ ;Ϭ%Ϳ  NA  ϭ ;Ϯ.ϵ%Ϳ  ϯ ;ϯϬ%Ϳ  Ϭ.ϬϬϴ ;ϭϰ.ϱϳͿ 
ϱ. FoƌgettiŶg ŵediĐatioŶs  ϭ ;Ϯ.ϵ%Ϳ  ϯ ;ϯϬ%Ϳ  Ϭ.ϬϬϴ ;ϭϰ.ϱϳͿ   ϭ ;Ϯ.ϵ%Ϳ  ϰ ;ϰϬ%Ϳ  0.00ϭ ;ϮϮ.ϲϴ) 
ϲ. FoƌgettiŶg ǁheƌe oďjeĐts aƌe plaĐed  ϱ ;ϭϰ.ϯ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϲϲϬ ;ϭ.ϱϬͿ  ϴ ;ϮϮ.ϯ%Ϳ  ϲ ;ϲϬ%Ϳ  Ϭ.ϬϮϱ ;ϱ.ϬϲͿ  
AtteŶtioŶ 
ϭ. Tƌouďle sustaiŶiŶg atteŶtioŶ  ϰ ;ϭϭ.ϰ%Ϳ  Ϭ ;Ϭ%Ϳ  Ϭ.Ϯϲϯ ;Ϭ.ϴϵͿ  ϰ ;ϭϭ.ϰ%Ϳ  ϰ ;ϰϬ%Ϳ  Ϭ.Ϭϯϳ ;ϱ.ϭϳͿ  
Ϯ. Tƌouďle listeŶiŶg 
ϯ. Well  Ϯ ;ϱ.ϳ%Ϳ  ϯ ;ϯϬ%Ϳ  Ϭ.Ϭϯϭ ;ϳ.ϬϳͿ  ϰ ;ϭϭ.ϰ%Ϳ  ϭ ;ϭϬ%Ϳ  Ϭ.ϴϵϵ ;Ϭ.ϴϲͿ 
easily distƌaĐted  ϭ ;Ϯ.ϵ%Ϳ  ϭ ;ϭϬ%Ϳ  Ϭ.ϯϯϰ ;ϯ.ϳϴͿ  ϯ ;ϴ.ϲ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϴϵϵ ;Ϭ.ϴϲͿ 
EǆeĐutiǀe 
ϭ.Tƌouďle fiŶishiŶg tasks  ϯ ;ϴ.ϲ%Ϳ  ϯ ;ϯϬ%Ϳ  Ϭ.Ϭϳϵ ;ϰ.ϱϳͿ  ϯ ;ϴ.ϲ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϯϭϬ ;Ϯ.ϲϳͿ 
Ϯ. Tƌouďle seƋueŶĐiŶg steps  ϭ ;Ϯ.ϵ%Ϳ  ϭ ;ϭϬ%Ϳ  Ϭ.ϯϯϰ ;ϯ.ϳϴͿ  Ϭ ;Ϭ%Ϳ  Ϭ ;Ϭ%Ϳ  NA 
ϯ. Pooƌly oƌgaŶized/uŶaďle to plaŶ  Ϯ ;ϱ.ϳ%Ϳ  Ϭ ;Ϭ%Ϳ  Ϭ.ϰϯϵ ;Ϭ.ϵϰͿ  Ϯ ;ϱ.ϳ%Ϳ  ϯ ;ϯϬ%Ϳ  Ϭ.Ϭϯϭ ;ϳ.ϬϳͿ 
LaŶguage 
ϭ.Tƌouďle ŶaŵiŶg  ϳ ;ϮϬ%Ϳ  Ϯ ;ϮϬ%Ϳ  ϭ ;ϭͿ  ϰ ;ϭϭ.ϰ%Ϳ  ϰ ;ϰϬ%Ϳ  Ϭ.Ϭϯϳ ;ϱ.ϮͿ  
Ϯ. RaŵďliŶg  Ϯ ;ϱ.ϳ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϭϲϮ ;ϰ.ϭϯͿ  Ϯ ;ϱ.ϳ%Ϳ  ϭ ;ϭϬ%Ϳ  Ϭ.ϲϯϮ ;ϭ.ϴϯͿ 
ϯ. Tƌouďle uŶdeƌstaŶdiŶg ĐoŶǀeƌsatioŶs Ϭ ;Ϭ%Ϳ  Ϭ;Ϭ%Ϳ  NA  ϭ;Ϯ.ϵ%Ϳ  ϯ ;ϯϬ%Ϳ  Ϭ.ϬϬϴ ;ϭϰ.ϱϳͿ 
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ϰ. Tƌouďle uŶdeƌstaŶdiŶg ǁhat is ƌead  ϯ ;ϴ.ϲ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϯϭϬ ;Ϭ.ϮϳͿ  Ϭ ;Ϭ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.ϬϬϳ ;ϭ.ϮϱͿ  
NoŶ‐ǀeƌďal  
ϭ.GettiŶg lost  Ϭ ;Ϭ%Ϳ  Ϭ ;Ϭ%Ϳ  NA  Ϭ ;Ϭ%Ϳ  Ϭ ;Ϭ%Ϳ  NA 
Ϯ. FiŶdiŶg ŵultiple step aĐtiǀities 
ĐoŶfusiŶg  Ϯ ;ϱ.ϳ%Ϳ  Ϭ ;Ϭ%Ϳ  Ϭ.ϰϯϵ ;Ϭ.ϵϰͿ  ϭ ;Ϯ.ϵ%Ϳ  Ϯ ;ϮϬ%Ϳ  Ϭ.Ϭϱϱ ;ϴ.ϱͿ  
ϯ. DƌessiŶg ĐoŶfusioŶ  Ϭ;Ϭ%Ϳ  Ϭ;Ϭ%Ϳ  NA  Ϭ;Ϭ%Ϳ  ϭ ;ϭϬ%Ϳ  Ϭ.Ϭϱϴ ;ϭ.ϭϭͿ 

 
* The threshold for statistiĐal sigŶifiĐaŶt ĐoŶsideriŶg ĐorreĐtioŶ for ŵultiple ĐoŵparisoŶs = Ϭ.ϬϬϮϲ. StatistiĐally sigŶifiĐaŶt results are showŶ iŶ ďold type. 
StatistiĐally sigŶifiĐaŶt results ďefore ŵultiple ĐoŵparisoŶs ĐorreĐtioŶ are showŶ iŶ italiĐs. 
‐ NA= ŶoŶ adŵitted 
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Taďle ϰ. BaseliŶe AgƌeeŵeŶt ;Kappa ǀalue)a ďetǁeeŶ oďjeĐtiǀe defiĐits aŶd suďjeĐtiǀe ƌepoƌts iŶ PD‐MCI aĐĐoƌdiŶg to patieŶt’s ƌepoƌt 
 

a) Meŵoƌy ƋuestioŶs 
 

 
ď) AtteŶtioŶ ƋuestioŶs 
 

Tƌouďle sustaiŶiŶg 
atteŶtioŶ 

p ǀalue  Tƌouďle listeŶiŶg 
ǁell 

p ǀalue Easily 
distƌaĐted 

p ǀalue

Meŵoƌy  ‐Ϭ.ϭϰϭ  Ϭ.Ϭϯϱ  Ϭ.ϭϯϱ  Ϭ.Ϭϵϯ Ϭ.ϭϬϮ Ϭ.ϬϴϬ
AtteŶtioŶ   Ϭ.ϭϴϯ  Ϭ.ϭϬϳ  Ϭ.ϭϭϱ  Ϭ.ϯϱϳ ‐ Ϭ.ϬϵϬ Ϭ.ϯϴϰ
EǆeĐutiǀe  Ϭ.Ϭϯϱ  Ϭ.ϯϭϬ  Ϭ.Ϭϱϱ  Ϭ.ϮϬϱ ‐Ϭ.Ϭϭϵ Ϭ.ϱϮϳ
LaŶguage   Ϭ.Ϭϰϳ  Ϭ.ϲϴϰ  ‐Ϭ.Ϭϴ  Ϭ.ϵϱϮ ‐Ϭ.Ϭϴϴ Ϭ.ϰϭϮ
Visuospatial  ‐Ϭ.Ϭϰϳ  Ϭ.Ϯϲϱ  Ϭ.Ϭϯ  Ϭ.ϱϳ Ϭ.Ϭϯϵ Ϭ.Ϯϴϴ

 
Đ) EǆeĐutiǀe fuŶĐtioŶ ƋuestioŶs 

  
Tƌouďle 
fiŶishiŶg tasks 

p ǀalue  Tƌouďle 
seƋueŶĐiŶg steps  

p ǀalue Pooƌly oƌgaŶized/ 
uŶaďle to plaŶ 

p ǀalue 

 
FoƌgettiŶg 
ƌeĐeŶt eǀeŶts 
 
 

p ǀalue  FoƌgettiŶg 
ƌeŵote eǀeŶts 

p ǀalue FoƌgettiŶg 
Ŷaŵes 

p ǀalue FoƌgettiŶg 
appoiŶtŵeŶts 

p ǀalue FoƌgettiŶg 
ŵediĐatioŶs 

p ǀalue FiƌgettiŶg ǁheƌe 
oďjeĐts aƌe plaĐed 

p ǀalue 

Meŵoƌy  Ϭ.ϬϮϴ  Ϭ.ϳϴϲ  Ϭ.ϬϮϴ  Ϭ.ϳϴϲ Ϭ.ϭϲϲ Ϭ.ϭϯϮ Ϭ NA Ϭ.Ϭϲϳ Ϭ.ϯϭϳ Ϭ.ϭϯϯ Ϭ.ϭϴϯ 

AtteŶtioŶ   Ϭ.ϯϮϰ  Ϭ.Ϭϭϰ  Ϭ.Ϭϵϵ  Ϭ.ϰϱϲ Ϭ.ϲϵϰ Ϭ.ϬϱϮ Ϭ NA ‐Ϭ.ϭϭϱ Ϭ.ϯϭϬ Ϭ.ϭϮϱ Ϭ.ϯϰϱ 

EǆeĐutiǀe  Ϭ.ϬϬϲ  Ϭ.ϵϭϳ  Ϭ.ϬϬϲ  Ϭ.ϵϭϳ Ϭ.ϬϮϳ Ϭ.ϲϴϰ Ϭ NA Ϭ.Ϭϯϱ Ϭ.ϯϭϬ ‐Ϭ.ϬϬϰ Ϭ.ϵϱϭ 

LaŶguage   Ϭ.ϬϬϴ  Ϭ.ϵϱϭ  Ϭ.ϬϬϴ  Ϭ.ϵϱϭ ‐ Ϭ.ϭϯϵ Ϭ.Ϯϴϴ Ϭ NA ‐Ϭ.ϭϭϭ Ϭ.ϰϱϮ ‐Ϭ.Ϭϵϭ Ϭ.ϰϵ 

Visuospatial  ‐ Ϭ.ϭϲϵ  Ϭ.Ϭϭϴ  ‐Ϭ.ϬϬϲ  Ϭ.ϵϯϲ ‐ 0.0Ϯ 0.0ϭ Ϭ NA Ϭ.ϬϱϮ Ϭ.Ϯϭϱ ‐Ϭ.ϬϮϬ Ϭ.ϳϳϭ 
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Meŵoƌy  ‐Ϭ.ϭϬϴ  Ϭ.ϮϬϴ  ‐Ϭ.ϬϬϭ Ϭ.ϵϴ ‐Ϭ.ϬϬϭ Ϭ.ϵϴ 
AtteŶtioŶ   Ϭ.ϯϰϲ  Ϭ.ϬϬϳ  Ϭ.ϭ Ϭ.Ϯϲϯ Ϭ.ϭ Ϭ.ϯϱϮ 
EǆeĐutiǀe  Ϭ.Ϭϲϱ  Ϭ.ϭϲϳ  Ϭ.Ϭϭϳ Ϭ.ϰϴϭ ‐Ϭ.ϬϮϳ Ϭ.Ϯϲϯ 
LaŶguage   ‐Ϭ.Ϭϯϭ  Ϭ.ϴϬϵ  ‐Ϭ.ϬϲϮ Ϭ.ϱϬϳ ‐Ϭ.ϬϲϮ Ϭ.ϱϬϳ 
Visuospatial  ‐Ϭ.ϬϬϴ  Ϭ.ϴϴϱ  ‐Ϭ.ϬϮϯ Ϭ.ϰϯϵ ‐Ϭ.ϬϮϯ Ϭ.ϰϯϵ 

 
 

d) LaŶguage ƋuestioŶs 
  

Tƌouďle 
ŶaŵiŶg 

p ǀalue  RaŵďliŶg p ǀalue Tƌouďle uŶdeƌstaŶdiŶg 
ĐoŶǀeƌsatioŶs 

p ǀalue Tƌouďle uŶdeƌstaŶdiŶg 
ǁhat is ƌead 

p ǀalue

Meŵoƌy  Ϭ.Ϯϯϲ  Ϭ.ϬϮϮ  Ϭ.ϭϬϭ  Ϭ.ϭϳϯ Ϭ.Ϭϲϴ Ϭ.ϭϱϳ Ϭ.ϭϬϬ  Ϭ.Ϯϰϲ
AtteŶtioŶ   ‐Ϭ.ϭϮϱ  Ϭ.ϯϰϬ  Ϭ.ϬϬϱ  Ϭ.ϵϲϳ ‐Ϭ.Ϭϲϯ Ϭ.ϰϴϭ Ϭ.Ϭϴϱ  Ϭ.ϱϬϳ
EǆeĐutiǀe  ‐Ϭ.Ϭϰϱ  Ϭ.ϰϱϲ  ‐Ϭ.ϬϬϮ  Ϭ.ϵϲϳ Ϭ.Ϭϭϳ Ϭ.ϰϴϭ Ϭ.Ϭϲϱ  Ϭ.ϭϲϳ
LaŶguage   ‐Ϭ.ϭϬϴ  Ϭ.ϰϭϮ  Ϭ.Ϭϭϵ  Ϭ.ϴϴ ‐Ϭ.ϬϲϮ Ϭ.ϱϬϳ ‐Ϭ.Ϭϯϭ  Ϭ.ϴϬϵ
Visuospatial  ‐Ϭ.ϬϲϬ  Ϭ.ϰϬϬ  ‐Ϭ.Ϭϭϲ  Ϭ.ϳϯϳ Ϭ.ϬϮϲ Ϭ.ϯϵϬ ‐Ϭ.ϬϲϬ  Ϭ.Ϯϴϵ
 
 

e) NoŶ‐ǀeƌďal ƋuestioŶs 
 

GettiŶg lost  p ǀalue  FiŶdiŶg ŵultiple step 
aĐtiǀities ĐoŶfusiŶg 

p ǀalue DƌessiŶg ĐoŶfusioŶ p ǀalue 

Meŵoƌy  Ϭ  NA  Ϭ.Ϭϯϯ Ϭ.ϱϳϰ Ϭ NA 
AtteŶtioŶ   Ϭ  NA  Ϭ.Ϭϲϲ Ϭ.ϱϮϳ Ϭ NA 
EǆeĐutiǀe  Ϭ  NA  Ϭ.ϬϮϲ Ϭ.ϯϴϰ Ϭ NA 
LaŶguage   Ϭ  NA  ‐Ϭ.Ϭϴϴ Ϭ.ϰϭϮ Ϭ NA 
Visuospatial  Ϭ  NA  Ϭ.Ϭϯϵ Ϭ.Ϯϴϴ Ϭ NA 
 
NA: NoŶ adŵitted ;Ŷo patieŶts ĐoŵplaiŶed aďout itͿ 
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Taďle ϱ.  BaseliŶe AgƌeeŵeŶta ďetǁeeŶ oďjeĐtiǀe defiĐits aŶd suďjeĐtiǀe ƌepoƌts aĐĐoƌdiŶg to Đlose ĐoŶtaĐts iŶ PD‐MCI patieŶts 
 

a) Meŵoƌy ƋuestioŶs 

 
 
 
ď)  AtteŶtioŶ ƋuestioŶs 

 
 

Tƌouďle sustaiŶiŶg 
atteŶtioŶ 

p ǀalue  Tƌouďle 
listeŶiŶg ǁell 

p ǀalue  Easily 
distƌaĐted 

p ǀalue 

Meŵoƌy  Ϭ.Ϭϲϰ  Ϭ.ϰϳϴ  ‐Ϭ.ϬϬϰ  Ϭ.ϵϲϰ  ‐Ϭ.ϭϰϮ  Ϭ.Ϭϳϲ 
AtteŶtioŶ   ‐Ϭ.Ϭϲϴ  Ϭ.ϱϵϵ  0.ϯϴϳ  0.00Ϯ  0.ϯϴϳ  0.00Ϯ 
EǆeĐutiǀe  ‐Ϭ.ϬϮϮ  Ϭ.ϲϱϵ  Ϭ.ϬϬϳ  Ϭ.ϴϲϯ  Ϭ.ϬϬϳ  Ϭ.ϴϲϯ 
LaŶguage   ‐Ϭ.ϭϴϱ  Ϭ.ϭϱϵ ‐Ϭ.ϭϱϮ Ϭ.ϮϯϮ ‐Ϭ.ϭϱϮ Ϭ.ϮϯϮ
Visuospatial  Ϭ.ϬϬϲ  Ϭ.ϵϮϳ  Ϭ.ϬϯϬ  Ϭ.ϱϳϬ  ‐Ϭ.Ϭϳϯ  Ϭ.ϭϲϰ 
 
 

Đ) EǆeĐutiǀe fuŶĐtioŶ ƋuestioŶs  
 

 
FoƌgettiŶg 
ƌeĐeŶt eǀeŶts 
 
 

p ǀalue  FoƌgettiŶg 
ƌeŵote eǀeŶts 

p ǀalue FoƌgettiŶg 
Ŷaŵes 

p ǀalue FoƌgettiŶg 
appoiŶtŵeŶts 

p ǀalue FoƌgettiŶg 
ŵediĐatioŶs 

p ǀalue FiƌgettiŶg ǁheƌe 
oďjeĐts aƌe plaĐed 

p ǀalue 

Meŵoƌy  Ϭ.Ϭϲϰ  Ϭ.ϰϳϴ  Ϭ.Ϭϵϵ Ϭ.ϯϬϮ ‐Ϭ.ϭϳϵ Ϭ.Ϭϲϭ Ϭ.ϭϬϭ  Ϭ.ϭϳϯ Ϭ.ϭϯϱ Ϭ.Ϭϵϯ Ϭ.Ϭϵϱ Ϭ.ϰϭϬ 
AtteŶtioŶ   Ϭ.ϯϬϵ  Ϭ.Ϭϭϴ  ‐Ϭ.Ϭϴϵ Ϭ.Ϯϳϰ Ϭ.Ϯϳϰ Ϭ.Ϭϯϳ Ϭ.ϭϰϳ  Ϭ.Ϯϭϵ ‐Ϭ.ϬϮϮ Ϭ.ϴϲϯ Ϭ.Ϭϭ Ϭ.ϵϯϲ 
EǆeĐutiǀe  Ϭ.ϬϮϲ  Ϭ.ϱϵϵ  ‐Ϭ.Ϭϭϯ Ϭ.ϴϬϵ ‐Ϭ.Ϭϭϯ Ϭ.ϴϬϵ Ϭ.Ϭϰϱ  Ϭ.ϮϱϮ Ϭ.ϬϬϳ Ϭ.ϴϲϯ ‐Ϭ.ϬϬϲ Ϭ.ϵϯϲ 
LaŶguage   ‐Ϭ.Ϭϱϯ  Ϭ.ϲϴϲ  ‐Ϭ.ϭϵϵ Ϭ.ϭϯϮ ‐Ϭ.ϭϵϵ Ϭ.ϭϯϮ ‐Ϭ.ϭϯϮ  Ϭ.ϮϴϬ ‐Ϭ.ϭϱϮ Ϭ.ϮϯϮ ‐Ϭ.ϭϲϱ Ϭ.ϭϵϳ 
Visuospatial  ‐Ϭ.Ϭϰϳ  Ϭ.ϰϯϴ  Ϭ.ϬϮϬ Ϭ.ϳϲϭ ‐Ϭ.ϭϯϯ Ϭ.ϲϬϮ Ϭ.Ϭϲϲ  Ϭ.ϭϲϮ Ϭ.ϬϯϬ Ϭ.ϱϳϬ Ϭ.Ϭϱϰ Ϭ.ϱϭϴ 
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Tƌouďle 
fiŶishiŶg tasks 

p ǀalue  Tƌouďle 
seƋueŶĐiŶg steps  

p ǀalue Pooƌly oƌgaŶized/ 
uŶaďle to plaŶ 

p ǀalue 

Meŵoƌy  Ϭ.ϬϯϮ  Ϭ.ϲϲϵ  Ϭ  NA ‐Ϭ.ϬϬϰ Ϭ.ϵϲϰ 
AtteŶtioŶ   Ϭ.ϭϰϳ  Ϭ.Ϯϭϵ  Ϭ  NA Ϭ.Ϯϱϭ Ϭ.Ϭϰϰ 
EǆeĐutiǀe  Ϭ.Ϭϰϱ  Ϭ.ϮϱϮ  Ϭ  NA Ϭ.Ϭϱϱ Ϭ.ϮϬϱ 
LaŶguage   ‐Ϭ.ϭϯϮ  Ϭ.Ϯϴ  Ϭ  NA ‐Ϭ.ϭϱϮ Ϭ.ϮϯϮ 
Visuospatial  ‐Ϭ.Ϭϴϱ  Ϭ.Ϭϳϯ  Ϭ  NA ‐Ϭ.ϬϮϮ Ϭ.ϲϴϬ 
 

d) LaŶguage ƋuestioŶs 
   

Tƌouďle 
ŶaŵiŶg 

p ǀalue  RaŵďliŶg p ǀalue Tƌouďle uŶdeƌstaŶdiŶg 
ĐoŶǀeƌsatioŶs 

p ǀalue Tƌouďle uŶdeƌstaŶdiŶg 
ǁhat is ƌead 

p ǀalue

Meŵoƌy  Ϭ.ϬϮϵ  Ϭ.ϳϲϬ  ‐Ϭ.Ϭϳϯ Ϭ.ϯϲϯ Ϭ.Ϭϲϳ Ϭ.ϯϭϳ Ϭ.Ϭϲϴ  Ϭ.ϭϱϳ
AtteŶtioŶ   Ϭ.ϭϱϯ  Ϭ.Ϯϰϱ  Ϭ.ϭϭϱ Ϭ.ϯϱϳ ‐Ϭ.ϭϭϱ Ϭ.ϯϭϬ ‐Ϭ.Ϭϲϯ  Ϭ.ϰϴϭ
EǆeĐutiǀe  Ϭ.Ϭϯϲ  Ϭ.ϰϵϴ  Ϭ.Ϭϱϱ Ϭ.ϮϬϱ ‐Ϭ.Ϭϭ Ϭ.ϳϲϰ Ϭ.Ϭϭϳ  Ϭ.ϰϴϭ
LaŶguage   Ϭ.Ϭϱϯ  Ϭ.ϲϴϴ  ‐Ϭ.ϭϱϮ Ϭ.ϮϯϮ ‐Ϭ.ϭϭϭ Ϭ.ϯϯϵ ‐Ϭ.ϬϲϮ  Ϭ.ϱϬϳ
Visuospatial  ‐Ϭ.Ϭϴϲ  Ϭ.ϭϳϴ  Ϭ.Ϭϴϭ Ϭ.ϭϮϮ Ϭ.ϬϬϯ Ϭ.ϵϱϭ ‐Ϭ.ϬϮϯ  Ϭ.ϰϯϵ

 
 

e) NoŶ‐ǀeƌďal ƋuestioŶs 
 

GettiŶg lost  p ǀalue  FiŶdiŶg ŵultiple step 
aĐtiǀities ĐoŶfusiŶg 

p ǀalue DƌessiŶg ĐoŶfusioŶ p ǀalue

Meŵoƌy  Ϭ  NR  ‐Ϭ.ϬϬϮ Ϭ.ϵϳϭ Ϭ.Ϭϯϰ Ϭ.ϯϮϮ
AtteŶtioŶ   Ϭ  NR  Ϭ.Ϭϯϰ Ϭ.ϳϲϰ ‐Ϭ.Ϭϯϯ Ϭ.ϲϮϮ
EǆeĐutiǀe  Ϭ  NR  ‐Ϭ.Ϭϭ Ϭ.ϳϲϰ Ϭ.ϬϬϵ Ϭ.ϲϮϮ
LaŶguage   Ϭ  NR  ‐Ϭ.ϭϭϭ Ϭ.ϯϯϵ ‐Ϭ.ϬϯϮ Ϭ.ϲϰϮ
Visuospatial  Ϭ  NR  Ϭ.ϬϱϮ Ϭ.Ϯϭϱ Ϭ.Ϭϭϯ Ϭ.ϱϰϳ
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NA: Not reported ;Ŷo Đlose ĐoŶtaĐts reported this proďleŵͿ 
 
* The threshold for statistiĐal sigŶifiĐaŶĐe ĐoŶsideriŶg ĐorreĐtioŶ for ŵultiple ĐoŵparisoŶs = 
aͿ Meŵory= Ϭ.Ϭϭ, ďͿ atteŶtioŶ= Ϭ.Ϭϭϳ, ĐͿ eǆeĐutiǀe fuŶĐtioŶ= Ϭ.Ϭϭϳ, ϰͿ laŶguage= Ϭ.ϬϭϮϱ, ϱͿ ŶoŶ‐ǀerďal= Ϭ.Ϭϭϳ.  
StatistiĐally sigŶifiĐaŶt results are showŶ iŶ ďold type 
StatistiĐally sigŶifiĐaŶt results ďefore ŵultiple ĐoŵparisoŶs ĐorreĐtioŶ are showŶ iŶ italiĐs. 
 

a agreeŵeŶt aĐĐordiŶg to preseŶĐe or aďseŶĐe of aŶy ĐoŵplaiŶt ;kappa ǀalueͿ 
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PD‐CN PD‐MCI PDD

Yϭ= ϭϲ ;ϮϮ.ϴϲ%Ϳ

yϭ= Ϯ ;Ϯ.ϴϲ%Ϳ

Yϭ= ϵ ;ϭϳ,ϲϱ%Ϳ

YϮ= ϭ ;Ϯ.ϮϮ%Ϳ

Yϭ= ϭϱ ;Ϯϲ.ϯϭ%Ϳ

YϮ= ϴ ;ϭϮ.ϱ%Ϳ

YϮ= ϱ ;ϵ.ϴ%Ϳ

Total PD‐CN ĐoŶǀerters to PD‐MCI/PDD after Ϯ years: ϭϯ
Total PD‐MCI ĐoŶǀerters to PDD  after Ϯ years: ϭϬ

PD‐CN
BL: Ŷ=ϴϭ
Yϭ: Ŷ=ϳϬ
YϮ: Ŷ=ϲϰ

PD‐MCI
BL: Ŷ=ϱϳ
Yϭ: Ŷ=ϱϭ
YϮ: Ŷ=ϰϱ

Figure 1. GraphiĐal suŵŵary of ĐoŶǀersioŶ aŶd reǀersioŶ rates at year ϭ aŶd Ϯ of 
folloǁ up aĐĐordiŶg to PD ĐogŶitiǀe diagŶosis at ďaseliŶe.
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