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          Introduction 

 Motor    features such as resting tremor, bradykinesia, or postural instability historically 
characterized Parkinson’s disease (PD). However, compelling evidence proved that cog-
nitive impairment is also pervasive in PD, constituting a clinical characteristic of the 
disease [ 1 ]. Cognitive impairment in PD can be identifi ed as both minor cognitive 
defects—present in up to 30 % of patients at time of diagnosis—and up to dementia [ 2 ]. 
In fact, in cross-sectional studies dementia is seen in more than 20 % of PD patients [ 3 ] 
and shows a cumulative prevalence up to 80 % after 20 years of follow-up [ 4 – 8 ]. 

 Although the trajectory of cognitive impairment is variable along the course of 
the disease, these alterations have a high impact on the quality of life of the patients 
and on caregiver distress [ 9 – 11 ]. While most PD subjects exhibit relatively subtle 
cognitive defi cits when compared with controls, [ 2 ] an intermediate transitional 
state of mild cognitive impairment (MCI) has been defi ned and suggested to be a 
predictor of further development of PD dementia (PDD) [ 3 ,  12 ,  13 ]. Given that PD 
supposes a four to six times greater risk of developing dementia, the defi nition and 
identifi cation of neurocognitive predictors of PDD currently constitutes one of the 
major topics of interest in PD research. Henceforth, whether different profi les of 
early cognitive alterations in non-demented patients have different prognostic impli-
cations still remains to be determined [ 13 ,  14 ]. 

 Unlike the construct of MCI in the general population considered as prodromic of 
Alzheimer’s disease (AD) [ 15 ], MCI in PD (PD-MCI) must not necessarily announce 
short-term dementia [ 6 ,  16 ]. With a relative independence on the degree of early cog-
nitive alterations seen in most of the patients from the beginning of the disease, some 
patients rapidly convert to dementia, while others remain stable for years [ 17 ]. 

 This emphasized the need: (a) for a better understanding of the underlying mech-
anisms of early cognitive alterations in PD, (b) to defi ne standardized methods for 
cognitive assessment, and (c) to determine the prognostic implications of specifi c 
cognitive profi les [ 13 ,  16 ]. 

 Along this chapter we will describe the concept and underlying mechanisms of 
PD-MCI, the recommended evidence-based methods to assess early cognitive alter-
ations and the clinical and prognostic implications of the different cognitive profi les 
that can be recognized as PD-MCI. Thus, we will review current and validated mea-
sures for cognitive assessment in PD, the methods to determine whether a cognitive 
performance pattern represents a decline from the previous level or current expected 
level, and the methods to assess the impact of cognitive abilities over activities of 
daily living.  

    Cognition in Parkinson’s Disease 

 Cognitive impairment is intrinsic to PD [ 2 ]. From the earliest stages of the disease, 
patients suffering from PD may exhibit some degree of cognitive alterations [ 4 ,  18 ]. 
These early cognitive alterations seen in up to 80 % of PD patients at time of diagno-
sis resemble those observed in patients with lesions involving the prefrontal cortex 
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(PFC) [ 19 ,  20 ] (Fig.  2.1 ). Thus, cognitive impairment in PD is mainly characterized 
by defects on executive functions such as alterations in working memory, cognitive 
fl exibility, planning, and attention [ 2 ,  16 ,  19 ]. However, when cognition is adequately 
explored, alterations involving other cognitive domains—such as memory and visuo-
spatial/visuoconstructive functions—can be seen accompanying executive dysfunc-
tion in up to 50 % of the patients [ 2 ,  3 ].

   Cognitive changes seen in PD probably have a multifactorial causality with the 
pattern of observed defi cits varying in accordance to the progressive course of the 
pathologic and neurochemical changes of the disease [ 21 ]. Most of the frontal- 
executive defi cits seen in PD are closely related to the progressive dopaminergic 
depletion that occurs in the early stages of the disease [ 22 – 24 ]. Accordingly, the 
main neuropsychological profi le of PD has been classically defi ned as a predomi-
nant “frontal-subcortical” syndrome with preserved performance on instrumental 
tasks, the latter considered to be specifi c to neurodegenerative diseases with a corti-
cal involvement such as AD [ 19 ,  20 ]. Nevertheless, it is currently known that up to 
20 % of non-demented PD patients can also exhibit alterations in tasks mainly 
involving posterior-cortical functions such as encoding information, confrontation 
naming, or picture copying [ 2 ,  21 ,  25 ,  26 ]. Thus, it was proposed that the transition 
from PD-MCI to PDD appears characterized by a pattern of signifi cant addition of 
this kind of AD-like cognitive alterations [ 6 ,  12 ,  25 ,  26 ]. This emphasized the need 
for accurate and standardized methods for cognitive assessment in PD to better 
clarify whether cognitive alterations evidenced at a given time point of the disease 
might be taken as consistent markers of conversion to dementia [ 27 ]. 

    The Role of Dopamine in Cognitive Impairment in PD 

 The involvement of dopamine in high-order cognition has been largely supported 
by numerous studies [ 24 ]. The massive number of dopaminergic projections 
 emerging from the PFC to the caudate nucleus and the reciprocal 
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striato-pallido-thalamo- cortical projections to the PFC through the basal ganglia 
indicates the importance of the frontal-subcortical systems over cognition [ 22 ,  28 , 
 29 ]. In humans, well- differentiated frontal-subcortical circuits emerge from differ-
ent portions of the striatum establishing connections with segregated regions of the 
PFC [ 30 – 32 ]. Thus, while dorsal caudate nucleus mainly projects to dorsal lateral 
PFC (DLPFC), the ventral striatum projects to medial and orbital PFC (mPFC; 
oPFC), anterior cingulate cortex (ACC), and limbic system [ 22 ,  33 ,  34 ]. 

 During the earliest stages of PD, massive loss of dopaminergic neurons mainly 
disrupts both motor putamen and dorsal caudate [ 22 ,  29 ,  33 – 35 ]. Lack of coactiva-
tion of the striatum with functionally related DLPFC is critical in the development 
of executive defects [ 35 ,  36 ]. These functional defects characteristic of early cogni-
tive impairment in PD resemble those presented by patients suffering from condi-
tions with structural involvement of the DLPFC [ 24 ,  36 ]. This dopaminergic 
dependence of frontal-executive functions in PD supports the remediation or 
improvement seen on the performance of some frontal-related tasks after initiation 
of dopaminergic replacement therapy [ 37 – 39 ] that partially compensate the dorsal 
caudate dopaminergic defi ciency [ 35 ,  40 ]. 

 However, a paradoxical cognitive effect also mediated by the treatment with 
dopaminergic drugs can be seen in PD and explains the occurrence of other cognitive 
alterations (Table  2.1  ) . As indicated, dorsal caudate projections are known to be sig-
nifi cantly impaired from the earliest stages of the disease. However, the ventral stria-
tum and its related projections are known to remain relatively spared during the early 
and middle stages of the disease [ 33 ,  34 ]. Thus, the doses of dopaminergic drugs 
used to remediate the motor alterations of PD related to dopaminergic defi ciency in 
the putamen result excessive and lead to an overdose of other unaffected or less 
dopamine-depleted regions [ 35 ]. Consequently, those cognitive functions more 

  Table 2.1    Effects of dopaminergic 
replacement therapy over cognitive 
functions in PD [ 42 ]  

 Cognitive benefi t 
  Set shifting 
  Working memory 
  Spatial working memory 
 Cognitive deterioration 
  Concurrent learning 
  Probabilistic reversal learning 
  Decision making 
  Visual hallucinations 
 No effect 
  Attentional set shifting 
  Task switching-abstract rules 
  Pattern and spatial recognition memory 
  Associative learning 
  Verbal memory 

  Adapted from Kehagia et al. [ 42 ], with permission  
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dependent on ventral striatum projections to orbital and medial PFC that appeared 
intact before initiation of dopaminergic replacement therapy (i.e., decision making, 
reversal learning) tend to appear altered, while those more dependent on dorsal cau-
date projections to DLPFC previously altered show consistent improvement [ 35 ,  38 , 
 40 – 42 ]. This inverted-U relationship (Fig.  2.2 ) has been demonstrated in numerous 
controlled studies, indicating that cognitive alterations seen in PD may variably 
depend on dopaminergic depletion and neurodegeneration, disease staging, and 
dopaminergic overdose over spared regions [ 34 ,  38 ].

    The paradoxical dopamine-dependent response demonstrates the fragile rela-
tionship between optimum levels of dopamine and cognition [ 38 ,  40 ,  41 ] which 
should be taken into account when assessing cognitive functions in PD.  

    The Role of Acetylcholine in Cognitive Impairment in PD 

 While most of the cognitive defects initially seen in non-demented PD can be under-
stood within the framework of frontal-executive alterations fueled by dopaminergic 
defi cits, not all the cognitive alterations seen in early PD respond to dopaminergic 
replacement therapy. This suggests that other neurotransmitters are involved on the 
pathogenesis of cognitive impairment. Loss of cholinergic cells at the basal nucleus 
of Meynert (bNM) and pedunculopontine nucleus (PPN) is also known to be present 
in PD [ 43 ,  44 ]. Alterations on the cholinergic projections have been consistently 
related to cognitive deterioration in PD [ 23 ]. Alterations in cognitive domains such 
as visuospatial and visuoconstructive skills or memory, that do not signifi cantly ame-
liorate after initiation of dopaminergic replacement therapy, may obey to cortical 
cholinergic defi cit [ 23 ,  25 ,  45 ]. In this line, disregarding disease duration, cholinergic 
depletion in patients presenting dementia associated to PD (PDD) is comparable to 
that observed in patients with Lewy body dementia [ 46 ]. It was suggested that the 
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conversion of PD-MCI to PDD, signaled by the addition of signifi cant neuropsycho-
logical defi cits related to posterior cortical dysfunction (i.e., visuospatial or language 
defects), is related to progressive cholinergic defi cit [ 6 ,  14 ,  47 – 49 ]. Accordingly, 
PD-cholinergic alterations and related cognitive impairment seem to be more  relevant 
than dopamine-dependent features on the defi nition of the prognostic implications of 
a given cognitive profi le [ 13 ]. 

 In line with the recent formalization of the clinical criteria for both PDD and 
PD-MCI [ 50 ,  51 ], many studies have been developed on the topic of identifying the 
neurobiological correlates of cognitive deterioration in PD. Severe dopamine defi -
cits have been emphasized to follow the emergence of cognitive alterations. 
However, alpha-synuclein pathology followed by limbic and cortical loss of dopa-
mine, noradrenaline, serotonin, and acetylcholine neurons has been signifi cantly 
pointed as added mechanisms leading to cognitive deterioration and dementia in PD 
[ 33 ,  52 ]. In addition, genetic factors such as triplications in the alpha-synuclein 
gene or MAP-t haplotypes have been also linked to cognitive decline [ 53 ,  54 ].   

    Parkinson’s Disease Mild Cognitive Impairment: Defi nition 
and Clinical Implications 

 The concept of mild cognitive impairment (MCI) was defi ned in the fi eld of AD 
indicating the transitional stage between normal cognition and dementia [ 55 ]. Thus, 
mild cognitive impairment (MCI) refers to the stage between normal aging and 
dementia [ 56 ] and was originally used to describe prodromal AD. More recently, 
MCI has become important in studies on PD, [ 57 ] where it is called MCI in PD 
(PD-MCI) [ 50 ]. Whereas MCI due to AD is primarily characterized by memory 
impairment, cognitive defi cits of PD-MCI in newly diagnosed patients more often 
concern a range of cognitive domains, including memory, visual-spatial, and atten-
tion/executive abilities [ 2 ,  4 ]. 

 AD-MCI occurs when, in the presence of signifi cant and measurable cognitive 
alterations in one or more cognitive domains, independent activities of daily living 
(IADL) are preserved. In the fi eld of AD, diagnosis of MCI should be unequivocally 
linked to a progressive linear worsening leading to dementia [ 15 ]. More specifi cally, 
it is known to occur in those patients presenting an amnesic type of MCI. However, 
this concept pointing for a transitional stage towards dementia results more complex 
when it refers to PD [ 16 ,  58 ]. In the context of PD, most patients present relatively 
mild but signifi cant cognitive alterations since the beginning of the disease, and 
there is an unclear relationship between the occurrence of these symptoms and 
unequivocal transition to dementia [ 14 ,  18 ]. 

 Epidemiological studies have demonstrated that from the beginning of the dis-
ease to more advanced stages, the cognitive profi le of PD patients is largely hetero-
geneous (Table  2.2 ) [ 2 – 4 ,  13 ,  18 ,  50 ,  59 ,  60 ]. Hence, the prospective Sydney 
Multicenter Study [ 8 ] identifi ed three cognitive phenotypes in PD: (i) PD patients 
with early and prominent dementia clinically corresponding with dementia with 
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   Table 2.2    Studies of prevalence and MCI subtypes in PD [ 2 ,  3 ,  5 ,  13 ,  18 ,  57 ,  59 ,  60 ]   

 Authors  Year 
 Sample 
size 

 Disease 
duration 

 PD-MCI 
(%)  PD-MCI type (%) 

 Muslimovic et al. [ 2 ]  2005  115  1.6  24 %  Múltiples dominios 
 Janvin et al. [ 13 ]  2006  72  11  52 %  44 % non-amnesic 

single domain 
 39 % multiple domains 
 15 % amnesic single domain 

 Caviness et al. [ 3 ]  2007  86  9.2  21 %  39 % non-amnesic 
single domain 
 22 % non-amnesic 
multiple domains 
 22 % nmnesic single domain 

 Aarsland et al. [ 18 ]  2009  196  2.4  18.9 %  62.2 % non-amnesic 
single domain 
 2.7 % non-amnesic 
multiple domains 
 24.3 % amnesic 
single domain 
 10.8 % amnesic 
multiple domain 

 Aarsland et al. [ 5 ]  2010  1,346  6.1  26 %  11.3 % non-amnesic 
single domain 
 8.9 % amnesic 
single domain 
 4.8 % amnesic 
multiple domain 
 1.3 % non-amnesic 
multiple domain 

 Litvan et al. [ 57 ]  2011  776  ND  26.7 %  Non-amnesic more 
frequent tan amnesic 
in 8 reviewed studies 

 Goldman et al. [ 59 ]  2012  125  7  ND  47.7 % non-amnesic 
single domain 
 24.2 % amnesic 
single domain 
 18.8 % non-amnesic multiple 
domain 
 9.5 % no amnésico 
múltiples dominios 

 Yu et al. [ 60 ]  2012  94  4.4  46.8 %  25.5 % non-amnesic 
single domain 
 7.4 % non-amnesic 
multiple domains 
 7.4 % amnesic 
multiple domain 
 6.4 % amnesic 
single domain 
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Levy bodies, (ii) older patients (>70 years old) developing dementia after 
3–10 years clinically corresponding to PDD, and (iii) a younger group who may 
remain  cognitively intact during many years and eventually develop dementia at a 
given point [ 17 ,  18 ]. As a result, main interest relates on whether it is possible to 
differentiate these early cognitive profi les predicting a benign or relatively slow 
course to those with a more malignant course to dementia [ 6 ,  12 ,  25 ,  61 ].

   As previously stated, an estimated 15–20 % of non-demented PD patients also 
exhibit defi cits in more cortical-dependent tasks such as confrontation naming or 
encoding defi cits [ 2 ,  3 ,  13 ]. This pattern of added posterior-cortical alterations is 
commonly evidenced in patients who convert to PDD [ 12 ,  21 ,  27 ]. Notably, while 
the progression of frontal-executive defi cits usually follows a slow and linear 
decline, the addition of posterior-cortical alterations occurs in an abrupt nonlinear 
and faster fashion [ 6 ,  27 ]. 

 The importance of exploring for posterior cortical defects as possible prodromal 
markers of dementia is highlighted by the fact that even in drug-naïve PD patients 
with mild cognitive impairment (PD-MCI), decline in executive/attentional, visuo-
spatial, and memory functions appeared directly related to cortical hypometabolism 
in prefrontal but also in posterior cortical networks. Such pattern is shared in 
advanced stages of PD-MCI and PD with dementia [ 62 ,  63 ]. 

 Given the proposed heterogeneity on both clinical characteristics and prognostic 
implications of PD-MCI, a task force commissioned by the Movement Disorders 
Society (MDS) recently established the diagnostic criteria for MCI in PD (PD-MCI) 
[ 50 ]. These criteria (Table  2.3 ), based on literature review and expert consensus, 
presuppose that PD-MCI might also be associated with impairments in daily func-
tioning and quality of life. The criteria are presently under validation and are open 
to modifi cation when further research improves knowledge of the clinical syndrome 
of PD-MCI and its subtypes [ 4 ,  18 ,  26 ,  27 ].

       Neuropsychological Assessment of Cognitive 
Impairment in PD 

 Per defi nition, neuropsychological assessment methods differ from other special-
ties—such as cognitive neurology or neuropsychiatry—by the use of standardized, 
quantitative, and norm-referenced procedures [ 64 ]. Clinical neuropsychology pro-
vides clinicians and researchers with a large list of standardized and normalized 
assessment tools able to cover for all the cognitive domains of interest when assess-
ing cognitive status in PD. However, test selection on the setting up of comprehen-
sive neuropsychological assessments should be always done taking into account 
the study population of interest (i.e., AD, PD, traumatic brain injury) and the infor-
mation that will be provided by the tools employed (i.e., global cognitive status 
addressed through screening methods, detailed cognitive performance at different 
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cognitive domains, detailed performance in a specifi c subprocess involved in a 
given cognitive domain) [ 64 ]. 

 In the context of PD, assessment of cognitive status can be performed with 
 clinical and/or research interests [ 25 ]. In both contexts, accurate  neuropsychological 
assessment must be defi ned based on the accomplishment of psychometric  standards 

   Table 2.3    Diagnostic criteria for PD-MCI [ 50 ]   

 Inclusion criteria 
  Diagnosis of Parkinson’s disease as based on the UK PD Brain Bank Criteria 
   Gradual decline, in the context of established PD, in cognitive ability reported by either the 

patient or informant,  or  observed by the clinician 
      Cognitive defi citcis on either formal neuropsychological testing or a scale of global cognitive 

abilities 
   Cognitive defi cits are not suffi cient to interfere signifi cantly with functional independence, 

although subtle diffi culties on complex functional tasks may be present 
 Exclusion criteria 
  Diagnosis of PD dementia based on MDS task force proposed criteria 
   Other primary explanations for cognitive impairment (e.g., delirium, stroke, major depression, 

metabolic abnormalities, adverse effects of medication, or head trauma) 
   Other PD-associated comorbid conditions (e.g., motor impairment or severe anxiety, 

depression, excessive daytime sleepiness, or psychosis) that, in the opinion of the clinician, 
signifi cantly infl uence cognitive testing 

 Specifi c guidelines for PD-MCI level I and level II categories 
  A. Level I (abbreviated assessment) 
      Impairment on a scale of global cognitive abilities validated for use in PD  or  
    Impairment on at least two tests, when a limited battery of neuropsychological tests is 

performed (i.e., the battery includes less than two tests within each of the fi ve cognitive 
domains, or less than fi ve cognitive domains are assessed) 

  B. Level II (comprehensive assessment) 
    Neuropsychological testing that includes two tests within each of the fi ve cognitive domains 

(i.e., attention and working memory, executive, language, memory, and visuospatial)       
    Impairment on at least two neuropsychological tests, represented by either two impaired 

tests in one cognitive domain or one impaired test in two different cognitive domains 
   Impairment on neuropsychological tests may be demonstrated by: 
    Performance approximately 1–2 SDs below appropriate norms  or  
    Signifi cant decline demonstrated on serial cognitive testing  or  
    Signifi cant decline from estimated premorbid levels 
 Subtype classifi cation for PD-MCI (optional, requires two tests for each of the fi ve cognitive 
domains assessed and is strongly suggested for research purposes)       
   PD-MCI single-domain—abnormalities on two tests within a single cognitive domain 

(specify the domain), with other domains unimpaired  or  
   PD-MCI multiple-domain—abnormalities on at least one test in two or more cognitive 

domains (specify the domains) 

  Diagnostic criteria for PD-MCI from the Movement Disorders Society Task Force guidelines [ 50 ]  
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with a relatively independence on the effect that motor symptoms might exert over 
cognitive performance. However, focusing on clinical or diagnostic proposes, test 
selection must be done in accordance of the capacity of the tools employed to 
 identify whether or not the patient fulfi lls the proposed diagnostic criteria for 
PD-MCI or PDD [ 25 ,  50 ]. 

 On the context of screening and diagnosis of PD-MCI, the selection of the tests 
to be used should be made on the basis of covering for all the cognitive domains of 
interest [ 25 ,  50 ,  57 ,  65 ]. It should be also taken into account that the assignment of 
specifi c cognitive tasks to single domains is a bit arbitrary. Some tests may cover 
more than one domain (e.g., the Rey-Osterrieth Complex Figure Test, widely used 
for the evaluation of visuospatial constructional ability and visual memory and also 
a useful tool for measuring executive function); then the intervention of an experi-
enced neuropsychologist is highly recommendable for the selection of the instru-
ments to be used. 

 As previously pointed out, from a clinical perspective, neuropsychological 
assessment can be constructed on the basis of allowing clinicians to determine if a 
given patient is fulfi lling diagnostic criteria for PD-MCI and also to identify the 
cognitive profi le [ 50 ,  66 ]. Thus, based on the previous described characteristics that 
differentiate the prognostic implications of frontal-subcortical to posterior-cortical 
alterations and the need to cover a full range of possible alterations, patients should 
be assessed in different cognitive domains [ 25 ]. 

 Numerous cognitive assessment approaches are currently available. As 
noted, the preliminary consideration on test selection refers to the psychometric 
properties of the test. Thus, beyond the existence of good normative data, how 
free of producing random and nonrandom errors is the test, how well it mea-
sures and predicts all for what it was designed and how practice modulates 
performance. 

 Once focused on clinical cognitive assessment, a fi rst approach should be done 
as a preliminary screening method to generally determine whether or not some 
degree of cognitive impairment is signifi cantly present. Screening methods, also 
known as “Level 1” tests, allow a fi rst approach to the global cognitive status of the 
patient and serve for the screening of PD-MCI [ 50 ]. For research purposes and for-
mal diagnosis of PD-MCI, it is recommended to use “Level 2” tests. These latter 
refer to both specifi c neuropsychological assessment batteries compiled in order to 
provide an in-depth assessment of at least fi ve cognitive domains (attention, mem-
ory, executive functions, language, and visuoperception/visuoconstruction). Thus, 
comprehensive neuropsychological assessment allows (a) the formal diagnosis of a 
given cognitive syndrome; (b) the identifi cation of specifi c cognitive profi les; and 
(c) the reliable measurement of follow-up changes. 

 Functionality and day-to-day activities are also a key feature to be assessed 
in the context of the neuropsychological evaluation [ 67 ]. Specifi cally, both 
motor and cognitive features can independently disrupt independence on 
ADL. Thus, functional scales to be used should be selected on the basis of cov-
ering for the impact of cognitive—rather than just motor—alterations over func-
tionality that may cause a signifi cant impact on instrumental activities of daily 
living (IADL). 
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    Tools for Cognitive Assessment in PD 

    Level 1 Tests 

   The Mini-Mental State Examination (MMSE) 

 The MMSE [ 68 ] is a general screening instrument for cognitive impairment. It can 
be easily and rapidly performed by a clinician and is currently the most commonly 
used screening test for dementia. Dependence of the MMSE on age and educational 
level hinders the use of a rigid cutoff score. In elderly populations, the MMSE dem-
onstrates fl oor effects in subjects with severe cognitive impairment and ceiling 
effects in subjects with mild cognitive impairment. 

 It was widely used in PD as a screening tool, despite that it was not designed nor 
validated to assess cognitive impairment and dementia in PD. Although widely used, 
the Mini-Mental State Examination (MMSE) does not capture domains germane to 
PD (i.e., executive dysfunction) and suffers from ceiling effects (i.e., a normal score 
does not rule out cognitive disturbances or dementia in PD). In conclusion, the MMSE 
is not a recommended instrument to be used in the screening of PD-MCI [ 25 ,  50 ].  

   The Montreal Cognitive Assessment (MoCA) 

 The MoCA [ 69 ] was initially developed as a brief screening assessment for MCI in 
AD with the intention to address the limitations of the MMSE. Interestingly, the 
MoCA divides subscores in visuospatial/executive, language, memory, attention, 
abstraction, and orientation and sums an extra point when years of education are 
below <12 years. However, the validity of the MoCA in PD has not been unequivo-
cally established against formal criteria or a comprehensive neuropsychological 
battery used to provide a criterion standard diagnosis of MCI and dementia. In a 
study comparing the accuracy of MMSE versus MoCA in PD patients with MCI or 
dementia, a cutoff score <26 was proposed for screening of MCI. When compared 
with the MMSE, the MoCA appeared to be more sensitive to mild frontal- subcortical 
cognitive defects. However, its substandard accuracy in diagnosing PD-MCI (sensi-
tivity = 0.83, specifi city = 0.53) cast some doubts on recommending this scale in 
PD-MCI as a useful tool other than for screening purposes [ 70 ,  71 ]. A MoCA cutoff 
point of 26 that has been established as optimal for screening cognitive impairment 
in PD was mostly established on how it relates to MMSE performance. Nevertheless, 
a positive screen using either instrument requires additional assessment due to sub-
optimal specifi city at the recommended screening cutoff point [ 71 ,  72 ]. In a more 
recent study, the optimal MoCA screening cutoffs differed signifi cantly, with a pro-
posed score of <26 for PD-MCI, with sensitivity 90 % and specifi city 75 %. 
Although the accuracy of MoCA in this study is clearly better, a specifi city <80 % 
for screening PD-MCI is still of doubtful usefulness in clinical practice. While the 
MoCA still requires further study of its diagnostic utility in PD populations, among 
the brief tests of level 1, it can be considered a minimum cognitive screening mea-
sure in clinical trials of PD. Its value as outcome measure was not established yet.  
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   Mini-Mental Parkinson (MMP) 

 The MMP [ 19 ] is a brief screening instrument derived from the MMSE initially 
oriented to patients who need a more comprehensive cognitive assessment. It 
includes seven-ordered sections assessing orientation, visual registration, attention, 
verbal fl uency, visual recall, set shifting, and concept processing. Limitations of the 
scale include heavy representation of the orientation item (10 of 32 points), which 
is also the item contributing least to scale variance, and a lack of cortical items. The 
MMP also differs signifi cantly between different stages of the disease [ 73 ]. 

 The MMP was not subjected to an extensive clinimetric evaluation, and data is 
lacking regarding internal consistency, test-retest, or inter-rater reliability. In a recent 
work, the psychometric and validity properties of the MMP were evaluated in 69 
cognitively intact and 52 cognitively impaired PD patients, classifi ed according to 
their performance at the Dementia Rating Scale. The MMP showed better metrics and 
convergent validity and higher screening ability. However, its performance was not 
fully satisfying in terms of data distribution, coeffi cient of variation, and specifi city, 
and ROC curves did not show clear cut superiority of either scale at their best sensi-
tivity-specifi city trade-off. The MMP seems to be slightly preferable to the MMSE 
only at a cutoff that favors sensitivity with respect to specifi city, for screening pur-
poses. The test is simple and quick, but has limitations in terms of validity [ 73 ].  

   PDD-Short Screen 

 The PDD-Short Screen (PDD-SS) [ 74 ] was designed and validated as a PD-specifi c 
brief cognitive test for screening dementia in PD. Based on regression analyses, and 
from an initial version covering different cognitive domains, a fi nal brief version 
taking from 5 to 7 min to be administered disclosed a high accuracy in screening 
PDD. The fi nal version included tasks assessing verbal fl uency, free-recall verbal 
memory, clock copying, and a questionnaire on cognitive and associated psychiatric 
symptoms in PD. Score ranges from 0 to 22 points. ROC curves showed that a cut-
off score ≤11 on the PDD-SS yielded high sensitivity (89.8 %), specifi city (88.5 %), 
and positive and negative predictive values (PPV 80.7 %, NPV 93.6 %) for screen-
ing PDD. Although the accuracy for PDD was similar to that found with the Mattis 
Dementia Rating Scale, no further studies were still conducted to address the ques-
tion of whether or not it is a feasible method for the screening of PD-MCI.  

   Clinical Dementia Rating Scale (CDR) 

 The Clinical Dementia Rating (CDR) [ 75 ] scale was developed to distinguish 
between normal cognition (CDR = 0), questionable dementia (CDR = 0.5), and 
mild, moderate, or severe dementia (CDR = 1–3). Employing a semi-structured 
interview, the CDR is a global rating device for assessing stages of dementia. It 
measures cognitive function across six domains: memory, orientation, judgment 
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and problem solving, community affairs, home and hobby, and personal care. 
Information collected by the CDR allows assessment of cognitive impairment 
without reference to psychometric performance. The CDR has been used in 
patients with PD and has been shown to be sensitive to very mild cognitive impair-
ment [ 27 ]. Relative to healthy control subjects, subjects with PD and questionable 
dementia (CDR = 0.5) exhibited impairment on all psychometric measures exam-
ined, except digit span and word fl uency. Quantitative impairments detected dur-
ing psychometric assessment of a group of PD patients with a CDR score of 0 
were not detected by the physician. This observation suggests that screening for 
PD-MCI using the CDR still depends on information provided by patients and 
caregivers and on the subjective impression of the examiner. When applied in PD, 
the description of progressive memory loss is ambiguous; the orientation task is 
not useful in differentiating between PD patients with no or very mild cognitive 
impairment because this cognitive function is generally not altered in PD until 
moderate or severe dementia appears. In addition, scoring in the items “commu-
nity affairs,” “home and hobbies,” and “personal care” is clearly infl uenced by PD 
motor symptoms.  

   The Frontal Assessment Battery 

 The FAB [ 62 ] is a short, bedside, cognitive battery assessing frontal lobe func-
tion. It comprises six subtests mainly exploring cognitive functions mediated by 
the medial prefrontal cortex: conceptualization/similarities, verbal fl uencies, 
motor programming, sensitivity to interference, inhibitory control, and environ-
mental autonomy. It was validated in normal control subjects and in patients with 
frontal lobe dysfunction (PD, multiple system atrophy, corticobasal degenera-
tion, frontotemporal dementia (FTD), and progressive supranuclear palsy (PSP)). 
The FAB can be considered a useful scale to capture the cognitive impairment 
characteristic of pathologies with predominantly medial-prefrontal dysfunction. 
In PD, the FAB correlates well with measures of executive functions. The FAB 
does not cover for the full spectrum of cognitive impairment in PD [ 21 ,  25 ]. No 
formal studies assessed the discriminative properties of the FAB in screening or 
diagnosing of PD-MCI.   

    Level 2 Tests 

   The Mattis Dementia Rating Scale 

 Compared with the Mini-Mental State Examination (MMSE), the MDRS [ 76 ] is a 
more sensitive tool to detect frontal lobe dysfunction in PDD. In PD, it also accounts 
for more variation in the level of cognitive function. The MDRS appears to be valid 
and reliable; however, the fi rst reported study attempting to validate this tool as a 
screening test for cognitive impairment in PD only included 14 patients. Most of the 
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sample showed no cognitive defi cits, and no cutoff scores were provided to differ-
entiate between the cognitive groups. A main limitation of the MDRS is length, as 
the estimated administration time in the general population is 20–45 min. Normative 
data indicates that performance on the MDRS is largely infl uenced by both age and 
educational level. When using standard diagnostic criteria for diagnosing PD-MCI, 
a recent paper found different cutoff scores on regard the purposes of the assess-
ment. Thus, ≤140 and ≤137 appeared as the more accurate cutoff scores for screen-
ing and diagnostic purposes, respectively. However, an in-depth examination of 
sensitivity/specifi city for the screening cutoff revealed that a ≤139 yielded a better 
balance between sensitivity (77 %) and specifi city (65 %). 

 While some limitations of the MDRS are the relatively weak coverage of visuo-
spatial function and language, these recent data suggest that this instrument can be 
used both, for a preliminary screening (cutoff ≤139) and classifi cation purposes on 
research (cutoff ≤137) [ 77 ].  

   SCOPA-COG (Scales for Outcomes of Parkinson’s Disease-Cognition) 

 The SCOPA-COG was developed to specifi cally assess cognitive defects in PD 
[ 78 ]. Administration takes 10–15 min and the scale demonstrated good clinimetric 
properties. The main known limitation of the scale is that it mostly includes items 
assessing frontal-subcortical functioning (orientation, attention, memory/learning, 
executive functions, visuospatial functions, thinking, and reasoning), but there are 
no items assessing instrumental-cortical functions. Accordingly, the exclusive use 
of this scale for the assessment of longitudinal changes in PD might be inappropri-
ate by an insuffi cient identifi cation of subgroups of non-demented PD patients with 
posterior-cortical patterns of cognitive impairment suggesting an increased risk of 
dementia [ 25 ]. Accounting for these limitations, it is a good instrument to be used 
in both clinical and research settings.  

   PANDA (Parkinson Neuropsychometric Dementia Assessment) 

 The PANDA [ 79 ] is a short test (8–10 min) designed to screen for cognitive impair-
ment in PD. It includes items covering distinct cognitive domains (immediate and 
delayed recall memory, verbal fl uency, visuospatial skills, attentions, and working 
memory). Despite the validation study showed appropriate discriminative proper-
ties between controls, PD, PD-MCI, and PDD patients, it was not subjected to an 
extensive clinimetric evaluation. As it occurs with other tools developed following 
the concept of cognitive impairment in PD as a predominant dysexecutive syn-
drome, it was eminently addressed to assess frontal-subcortical functions but does 
not include any item assessing instrumental-cortical functions. Nevertheless, 
PANDA shows superiority against the MMSE on detecting cognitive impairment 
in PD.  
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   PD-CRS (Parkinson’s Disease-Cognitive Rating Scale) 

 The PD-CRS [ 27 ] is a new instrument specifi cally designed to capture from subtle, 
mild, to major cognitive defects appearing along the course of PD. The PD-CRS 
displayed very good clinimetric properties, and its time of application is relatively 
short (ranging from 15 min in non-demented to 26 min in PDD). The PD-CRS 
consists of nine tasks differentially assessing frontal-subcortical and instrumental- 
cortical functions. The seven frontal-subcortical tasks include sustained attention, 
working memory, alternating and action verbal fl uency, clock drawing, and imme-
diate and delayed free-recall verbal memory. The two instrumental posterior corti-
cal items include confrontation naming and copying a clock. In the validation 
study, it showed a very good power differentiating cognitively intact PD patients 
from both PD-MCI and PDD. As expected, instrumental-cortical items selectively 
differentiated PDD from non-demented PD patients. A total score of ≤64 yielded 
high sensitivity (94 %), specifi city (94 %), positive predictive value (PPV) (91 %), 
and negative predictive value (NPV) (96 %) for screening PDD. These data were 
confi rmed by an independent evaluation of the psychometric attributes of the 
PD-CRS that found that the scale displayed satisfactory levels of acceptability, 
internal consistence, construct validity, and precision [ 69 ]. The PD-CRS is a rec-
ommended instrument by the MDS task force on MCI for the evaluation of 
PD-MCI. Recent fi ndings highlighting the early involvement of posterior cortical 
regions in PD patients with cognitive defi cits and the probable relevance of this 
pattern in predicting prodromal dementia [ 21 ,  26 ] stress the additional advantage 
of the PD-CRS relative to other instruments in distinguishing frontal-striatal and 
posterior cortical patterns of cognitive impairment. A recent validation study indi-
cated that a score ≤81 of 134 was the optimal cutoff point on the total score for the 
PD-CRS (sensitivity, 79 %; specifi city, 80 %; positive predictive value, 59 %; 
negative predictive value, 91 %). In addition, a range of change from 10 to 13 
points on the PD-CRS total score appeared indicative of clinically signifi cant 
change [ 69 ].  

   Cambridge Cognitive Assessment (CAMCOG) 

 This is the cognitive section of the Cambridge Examination of Mental Disorders. 
Validation studies showed the CAMCOG as a valid and reliable scale for assessing 
cognitive function and screening for dementia in elderly populations [ 80 ]. It 
includes    eight subscales: orientation, language, recall and recognition memory, 
attention,  calculation, praxis, and perception. While the CAMCOG showed 
extremely good clinimetric properties for the diagnosis of PDD, no validation stud-
ies were done on the context of usefulness of CAMCOG for the screening and 
diagnosis of PD-MCI. In addition, disadvantages of the CAMCOG are lengthy 
administration time (25–30 min), and aging associated with signifi cantly poorer 
scores.    
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    Recommendations for the Interpretation of Test Results 

 Measurement of whether or not a given cognitive performance pattern represents a 
signifi cant decline on premorbid competences or expected age-referred level is cru-
cial for the diagnosis of any cognitive syndrome. In an ideal context, premorbid 
cognitive evaluation will allow clinicians to compare current and further evaluations 
to determine if a rate of signifi cant decline is present. However, in most cases, cog-
nitive assessment is done once some degree of subjective cognitive complains are 
indicated by the patient. Thus, no clear premorbid cognitive status uses to be avail-
able. Estimating premorbid IQ represents a standardized approach to address this 
question that can be done using instruments such the Wechsler Test of Adult Reading 
or the National Adult Reading Test. Accordingly, current cognitive status can be 
then compared to premorbid IQ. The follow-up routine along these time points 
where minimum clinical change is expected to be signifi cantly measured represents 
a core method [ 64 ]. 

 Tests results falling between −1 and −2 SD from the expected or premorbid level 
can be considered as characteristic of MCI, while larger deviations of more than −2 
SD are more typical for patients who crossed the threshold of dementia. As men-
tioned before, the construct of PD-MCI is still waiting for a validation consensus, 
and their diagnostic criteria have been recently defi ned in consensus by the MDS 
task force on PD-MCI to avoid potential confusion arising from different defi nitions 
that may hamper targeted intervention. These criteria require validation with further 
research using comprehensive neuropsychological assessment and comparison with 
commonly used standardized rating scales. When using ad hoc comprehensive neu-
ropsychological batteries for research, the defi nition of PD-MCI can be based on 
patient’s performance in different cognitive domains (including attention, execu-
tion, memory, visuospatial, and language). For each cognitive domain, averaged z 
scores of tests included in that domain can be calculated and compared with normal-
ized data for each test or using a control group of healthy subjects without dementia 
and performing multiple regression analysis adjusting for age, education, and sex. 
Using this method, PD patients can be diagnosed with PD-MCI when the difference 
between the actual cognitive domain z score and the expected z score is below −1.5 
or 2 on at least one out of the fi ve cognitive domains. It is not recommendable using 
more than two tests for domain to avoid increasing the probabilities of statistical 
bias towards overdiagnosing cognitive impairment.  

    Tools for Functional Assessment in PD 

 Functional assessment results crucial in front of the need to delimitate the cognitive 
status of the patient [ 67 ]. Given the course of PD-MCI, functional assessment 
should be done to delineate whether or not cognitive alterations have an impact over 
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IADL. Functional assessment instruments should be selected based on the avoid-
ance of confounders such as motor impairment. 

    The Parkinson’s Disease: Cognitive Functional Rating Scale (PD-CFRS) 

 The PD-CFRS was developed based on the lack of specifi c instruments of func-
tional assessment controlling for motor aspects. The PD-CFRS is a brief question-
naire addressed to explore a wide range of functional aspects suspected to be 
sensible to CI in PD, minimizing the motor impact of the disease. The scale is 
administered to a knowledgeable informant in an interview form by 12 items 
selected to cover the spectrum of instrumental cognitive changes seen in PD over 
the last 2 weeks before the evaluation. Cutoff score ≥3 points demonstrated good 
clinimetric properties (sensitivity: 0.84; NPV: 0.83) recognizing patients presenting 
PD-MCI and some degree of functional impairment. Moreover, an increase of 2 
points after 6-month follow-up was associated with a clinically signifi cant worsen-
ing of the cognitive functional status.  

    The Brief Penn Daily Activities Questionnaire (PDAQ) 

 The PDAQ is a 15-item functional scale focused on specifi c issues regarding cogni-
tive impairment in PD. Preliminary results showed that the PDAQ presents good 
discriminant validity across stages of cognitive impairment in PD and correlates 
highly with global cognitive performance.    

    Management of Cognitive Impairment in PD 

    Effects of Dopaminergic Stimulation on Cognition 

 Mild cognitive impairment in PD is mainly characterized by dopaminergic-related 
dysfunctions, such as defects in verbal fl uencies, working-memory, sustained atten-
tion, visuospatial disturbances, and free-recall verbal memory. As stated before, in 
the early to mid PD stages, in which patients still have a stable motor response to 
dopaminergic agents, several studies have demonstrated an improvement of all 
these domains, either on dopamine agonists or levodopa, that is maintained 
12–18 months after treatment onset. Compared to levodopa, pramipexole exhibited 
lower benefi ts in verbal fl uency and Luria’s palm-edge-fi st test [ 39 ]. Recently, in a 
double-blind, placebo-controlled, multicenter study, patients receiving rasagiline, a 
selective monoamine oxidase type-B inhibitor that enhances central dopaminergic 
transmission, attentional and executive tasks improved, with no changes in other 
cognitive domains [ 81 ]. 
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 All these benefi ts, however, are not usually suffi cient so as to compensate for all 
defi cits, and tend to deteriorate at 18–24 months of follow-up, despite optimal con-
trol of motor parkinsonian signs. In advanced patients with motor complications, 
levodopa may even induce impairment in frontal-executive tasks (i.e., Wisconsin 
card sorting test) 1–4 h after each levodopa dose [ 37 ,  39 ]. 

 As a whole, it seems that dopaminergic replacement does not recover cogni-
tion effi ciently and has a limited effect in time, with very modest or even tran-
sient deleterious effects on cognition from mid to advanced stages of the disease 
[ 39 ,  40 ,  82 ].  

    Effects of Cholinergic Stimulation on Cognition 

 Despite the long-standing evidence supporting the role of cholinergic defi cits 
for the development and progression of cognitive deterioration in PD, few stud-
ies have accomplished to demonstrate a benefi t in cognition through cholinergic 
stimulation. 

 Initial open-label studies with different cholinesterase inhibitors (donepezil, riv-
astigmine, galantamine) observed signifi cant improvement in attention, memory, 
and visuoperceptive tasks in PDD. Regarding PD-MCI, there is a lack of clinical 
trials focusing on the potential therapeutic and/or neuroprotective effects that cho-
linergic stimulation should exert on transition to PDD.   

    Conclusion 

 Cognitive impairment is a key feature of PD that can be recognized in most of the 
patients from the earliest stages and at any time along the course of the disease [ 2 ]. 
Cognitive impairment has important clinical implications since it can indicate an 
aggregated risk for further development of dementia [ 7 ,  12 ,  25 ]. However, dissimi-
larly than the observed in the fi eld of AD, in PD the presence of cognitive alterations 
that can be labeled, MCI does not always indicate progression to dementia in a short 
period of time [ 14 ,  26 ]. 

 In PD, different cognitive profi les have been linked to major or minor risk for 
developing dementia [ 13 ,  16 ,  26 ,  27 ]. Thus, common frontal-subcortical cognitive 
alterations seen in most of the patients and mainly attributable to the concurrent 
dopaminergic defi ciency can result in a relatively benign course remaining stable a 
long time [ 26 ]. In contrast, with independence on the degree of frontal-subcortical 
alterations, the addition of AD-like or more posterior cortical defects appears to 
herald higher risk for developing dementia. 

 PD-MCI can be characterized as the presence of a sum of measurable cognitive 
alterations fulfi lling with the standards proposed by the MDS [ 50 ]. These alterations 
can affect single or multiple domains despite that the more common early fi ndings 
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are alteration on executive functions. While dysexecutive alterations may follow a 
linear pattern of decline, cortical alterations can appear at any time along the course 
of the disease added to frontal-subcortical alterations. These posterior cortical altera-
tions seem to defi ne a more aggressive pattern of cognitive impairment [ 26 ,  27 ]. 
Thus, cognitive assessment in PD must be done focusing on the whole spectrum of 
PD-associated cognitive impairment. As there is considerable heterogeneity within 
PD-MCI, further stratifi cation of different subtypes may be necessary when selecting 
patients for clinical trials if certain subtypes or cognitive domains are shown to be 
more relevant than others for predicting dementia. To properly characterize PD-MCI, 
accurate neuropsychological assessment is needed. Different tools have been tested 
in the fi eld of cognitive assessment in PD. However, a fi rst approach should be done 
through screening methods [ 25 ]. 

 Mild cognitive impairment can have some degree of impact over ADL [ 67 ]. 
Based on the interference that motor alteration should exert over IADL, the impact 
of cognition over functionality should be addressed through specifi c instruments 
that control for this confounding variable [ 67 ].     
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