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Abstract Cognitive deficits in Parkinson’s disease (PD) are
heterogeneous, including in the early stages of the disease.
The prognostic value of early cognitive deficits is still under
debate, but there is particular interest in identifying deficits
that are capable of predicting patients at risk of developing
dementia. To date, research has focused on four neuropsycho-
logical domains (executive/attention, visuo-spatial, memory,
and language), but there is recent evidence that impairment
may extend beyond this, in particular into the field of social
neuroscience. This review will briefly discuss the cognitive
impairments in early PD, including the recent evidence for
deficits in theory of mind, before evaluating the diagnostic
criteria for, and utility of, the term “mild cognitive impair-
ment” in PD.
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Introduction

Parkinson’s disease (PD) is a common neurological disease that
is present in more than 1% of adults over the age of 65 years,
making it the second-most common neurodegenerative disease

after Alzheimer’s disease (AD). PD is diagnosed clinically by
the presence of bradykinesia, rigidity, resting tremor, and pos-
tural instability and pathologically by the presence of alpha-
synuclein containing Lewy body inclusions in some of the
surviving substantia nigra pars compacta neurons [1].

Cognitive impairment is a common and functionally sig-
nificant problem in PD, with a cumulative prevalence of
dementia as high as 75%–90% [2]. Even in the early stages
of the disease cognitive changes are detectable [3, 4], with the
prevalence of cognitive impairment in nondemented patients
estimated to be in the region of 20%–40% [3–6, 7••, 8•].
Deficits are often heterogeneous, occurring in multiple neuro-
psychological domains, of which the most well-described are
impairments of executive function.

Deficits in executive function; the umbrella term used to
describe the mechanisms utilized to enable a person to
successfully engage in goal-directed behaviors, are thought
to represent disruption in the functional integrity of the
frontostriatal pathways [9–12]. This pathway is regulated
by the transmission of dopamine from one brain region to
another. However the role of dopamine in the dysexecutive
syndrome found in PD may be a complicated one, with
performance on some frontally based cognitive tasks being
dependent on disease stage, medication, and the catechol-O-
methyltransferase (COMT) genotype of the patient (see [13]
for a comprehensive review). This complicated relationship
between task performance and dopamine is perhaps best
modeled using an inverted U-shaped relationship between
executive function and dopaminergic activity in the prefron-
tal cortex, which proposes that both low and high levels of
prefrontal synaptic dopamine can impair performance
[14••]. This also would help explain why many studies have
found no relationsip between executive dysfunction in early
PD and later dementia [15–17], although not all studies have
found this [6, 18, 19].
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The link between performance on neuropsychological
tasks from other cognitive domains and later dementia has
been investigated in a number of longitudinal studies with
equally conflicting results. Impaired verbal fluency [8•, 20],
visuo-spatial deficits [8•], memory [19], and, less frequently,
language dysfunction [21] all have been suggested to be
indicative of future global cognitive decline, but these findings
are limited by inconsistencies in task selection, and patient
ascertainment (ie, hospital-based instead of community-based
recruitment).

Work characterizing and understanding the basis of these
different cognitive deficits in PD is still on-going and has
developed now to encompass new cognitive domains such
as social neuroscience. This review will briefly evaluate the
evidence for distinct cognitive phenotypes in PD before
focusing on the current debate surrounding the prognostic
value of the cognitive impairment of early PD. In particular,
the emerging concept of “mild cognitive impairment” in PD
(PD-MCI) and its clinical utility will be evaluated.

The Evolution of Cognitive Phenotypes

The CamPaIGN study looked at the evolution of cognitive
function over time in an incident population of 122 newly
diagnosed PD patients recruited from multiple hospital and
community sources within the geographical boundary of
Cambridgeshire, UK, all of whom were diagnosed with
idiopathic PD within a 2 year period [15]. Data at 3.5 and
5.2 years from diagnosis have been published, showing that
baseline performance on two neuropsychological tests,
namely semantic fluency (< 20 words in 90 s) and pentagon
copying, are significant predictors of dementia independent
of age and other potential confounding factors [3, 15].
Suboptimal scores in these neuropsychological predictors
plus age greater than 71 years resulted in an odds ratio of
8/11 versus 1/34 patients (OR: 88; 95% CI, 8–962) for the
development of dementia at 5.2 years. Performance on
semantic and phonemic fluency was dissociable, with only
the former found to be associated with later dementia, sug-
gesting that the primary predictive element was the more
temporal lobe–based semantic memory component rather
than the frontally based search-and-retrieval strategies in-
volved in these tasks. Because no clear deterioration was
seen on executive function tasks over this same period of
time, the authors concluded that there are two distinct cog-
nitive phenotypes in PD: one consisting of frontostriatal
executive deficits that are common but not progressive and
another with more posterior cortical deficits, which are indic-
ative of global cognitive decline and eventual dementia. A
similar conclusion was reached in a large meta-analysis of 25
longitudinal studies involving 901 PD patients that looked at
the differences in the progression of impairment across

multiple cognitive domains [17]. This study reported that a
significant global cognitive decline was heralded and domi-
nated by deficits in the visuo-spatial function and memory
domains, but not in executive function.

Further research into the progression of cognitive decline
in PD is needed to definitively determine whether posterior
cortical deficits are in fact the precursor or earliest features
of the dementia in PD and whether executive dysfunction is
a marker for a more benign form of cognitive impairment.
However, in light of the findings presented in this review, it
would seem that the term PD-MCI should be reserved for
the more “malignant” cognitive syndrome, which is predic-
tive of dementia, and not as an umbrella term covering all
cognitive impairment in this disease.

Social Cognition in Parkinson’s Disease

The ability to interact effectively in a social situation is a
skill necessary for successful communication, a key compo-
nent of which is the ability to attribute mental states to
others. The neural mechanisms underlying these processes
have recently become a topic of interest to social cognitive
neuroscientists [22–25]. In particular the study of theory of
mind (ToM [the ability to understand the presence of beliefs,
feelings, intentions, and interests in other people that can
differ from their own and from reality]) [26] has migrated
from the literature of child development into the field of
adult neuropsychology.

ToM is believed to consist of two distinct components:
an affective component (belief about feelings) and a
cognitive component (belief about belief), and while
ToM tasks as a whole have been shown to activate the
medial prefrontal cortex (MPFC), temporoparietal junc-
tion (TPJ) [27], and amygdala [28], tests of affective
ToM have a propensity to activate the ventromedial pre-
frontal cortex while tasks measuring cognitive ToM tend
to preferentially activate more dorsolateral prefrontal cor-
tical areas [29].

ToM deficits have been found in patients with advanced
PD [30••, 31–35], which is not entirely unexpected, as both
the ventromedial and dorsolateral prefrontal cortex are
closely related to subcortical structures involved in PD
pathology. In most cases, this deficit was confined to cog-
nitive ToM only [31, 32, 36], with performance on affective
ToM tasks being no different from control patients [34–36].
The basis for this deficit in cognitive ToM is not currently
known but may relate to changes in frontostriatal dopamine
(DA) [37], as:

(1) Neuroanatomically, the regions shown to be involved
in ToM are innervated by the dopaminergic and sero-
tonergic (5HT) systems;
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(2) Abnormalities in either of these neurotransmitter systems
have been shown to influence cognitive functions such
as executive function (as discussed above), which in turn
may well contribute to ToM function; and

(3) The dopaminergic system is relevant for signaling pre-
dictions about the consequences of future events, an
ability that is closely related to ToM.

PD is a good model by which to evaluate the role of
dopamine in ToM processing. One study to date has looked
at the impact of dopaminergic medication on ToM perfor-
mance in early PD and reported no effect [38•], with both
medicated and unmedicated groups performing equally well
on measures of affective ToM and equally badly on cogni-
tive ToM tasks. This would seem to dispute the role of DA
in ToM performance; however, the population studied were
early PD, although the ToM deficits reported were more in
keeping with the impairments found in advance PD patients
(see discussion below), indicating that the group may be
slightly atypical. Additionally, PD patients were not geno-
typed for the COMT polymorphism that previously has been
shown to affect executive function, and in the medicated
group they were assessed in the “on” state. Finally, stage of
disease also may be critical; to test this more definitively, an
“on/off” study in different stages of disease with genotyped
patients is required.

In this respect, ToM deficits have been found in some
patients with early PD [38•, 39•, 40–43]. Contrary to the
findings in advanced PD, where deficits were only found in
cognitive ToM tasks, impairments have been shown on a
range of both cognitive and affective ToM tasks in early
disease. Santangelo and colleagues [44] found that early PD
patients performed worse than control patients on both the
Emotion Attribution Task (which measures affective ToM)
and the Advance Test of ToM (which measures cognitive
ToM) [45]. Performance on the cognitive ToM tasks was
associated with neuropsychological performance, as measured
by the Frontal Assessment Battery [43] and affective ToM
associated with performance on behavioral measures of both
frontal behaviors and apathy such as the Frontal Behavioral
Inventory [46] and the Apathy Evaluation Scale [47].

The Yoni task is a computerized ToM test that is able to
measure both affective and cognitive ToM reasoning within
the same test. Participants are asked to evaluate which one
of four pictures presented onto a computer screen best
corresponds to the simultaneously presented sentence
expressing the thoughts of a computerized face, “Yoni”
(“Yoni likes …”; “Yoni is thinking…”). PD patients were
found to perform worse than control patients on both the
affective and cognitive components of the Yoni task but
only for second-order ToM problems [39•] (inferences about
“Yoni’s” beliefs about another person’s belief). Similarly,
PD patients were impaired on other ToM tasks measuring

both cognitive and affective ToM such as the Cartoons ToM
task [40] and the faux pas task [38•], although it is worth
noting that others found no difference between early PD
patients and control patients on this last task [48•].

The Reading the Mind in the Eyes (RMET) task [41] is a
measure of affective ToM that asks participants to judge the
thoughts and feelings of another person based only on a
picture of the eye region. Both Bodden and colleagues [39•]
and Tsuruya and colleagues [49] found that mild to moder-
ate PD patients performed worse than control patients on
this task. Additionally, Peron et al. [42] tested 13 PD
patients receiving subthalamic nucleus deep brain stimula-
tion pre- and postimplantation and found that PD patients
performed significantly worse on the RMET postoperatively
when compared to preoperatively or to healthy controls.
This correlated with changes in cerebral glucose metabolism
in structures known to be involved in the networks that
mediate ToM. Post-surgery, all patients were tested with
their stimulators “on”; no results were reported from
patients whose stimulators had been turned “off,” so it is
difficult to say whether this is an effect of the surgery or the
stimulation.

Not all studies have been able to replicate these findings;
Roca et al. [38•] failed to find a difference in performance
between early PD patients and control patients on the
RMET task; however, this is likely to be for methodological
reasons. An abbreviated version of the RMET was used; in
this version, 15 stimuli were used instead of the usual 36 and
patients were asked to choose from two instead of four
adjectives from which to determine the most appropriate
description of what the person in the picture was thinking
or feeling.

In light of the absence of affective ToM deficits in ad-
vanced PD, the presence of such impairments in early PD
may be indicative that ToM function changes with disease
progression in PD. However, without further longitudinal
studies, it is impossible to draw any clear conclusions. In
addition, the sample sizes in the work published to date have
been small (n036 or below), meaning that it is impossible to
assess the heterogeneity of ToM deficits in a PD population.
This is necessary to determine whether social cognition has
a place alongside the other four recognized cognitive
domains (executive/attention, memory, visuo-spatial, and
language) that are used to define distinct cognitive pheno-
types in PD.

Prognostic Value of Cognitive Deficits in Parkinson’s
Disease: PD-MCI

Most longitudinal studies of PD conclude that dementia
(PDD) is an inevitable outcome [50–52] if patients are
followed up for long enough. The presence of PDD leads
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to significant functional impairment in patients [53–55] and is
associated with increased caregiver burden [56, 57], admis-
sion into residential care homes [58], and mortality [59]. At
present, there are few effective therapeutic options to treat
PDD; cholinesterase inhibitors such as rivastigmine are used
with only very modest symptomatic effects [60].

Due to the heterogeneous nature of the cognitive deficits
in PD, it is difficult to predict when a patient will develop
PDD; in some cases, it will be within a few years of
diagnosis, but in many others it may be 10 or even 20 years
after the emergence of their initial PD symptoms. Being able
to identify those patients at immediate risk of significant
cognitive decline may dramatically influence the manage-
ment of their parkinsonism because it would allow clini-
cians to shift their focus from long-term to shorter-term
management strategies as well as the earlier use of drugs
that could positively affect cognition, such as cholines-
terase inhibitors.

The term mild cognitive impairment (MCI) was original-
ly used to describe the predementia phase in AD that repre-
sents a transitional stage between normality and diagnosable
disease, characterized by subtle cognitive impairment which
results in no or minimal impact on daily functioning [61]
although it is being recognized that not all patients with
MCI diagnosed in memory clinics go on to develop AD.
The label MCI has recently been applied to PD patients with
subtle cognitive impairment but who fall short of the diag-
nostic criteria for dementia.

To date, there is still ambiguity surrounding the diagnos-
tic criteria for PD-MCI, with no universally accepted stan-
dard of practice in use, although the Movement Disorders
Society is currently in the process of writing such a docu-
ment. However, as with other such guidelines and the wider
MCI literature, cognitive impairment is typically defined by
the number of standard deviations (SD) below the age-
adjusted mean. However, there is uncertainty about the
appropriate number of neuropsychological domains this im-
pairment should be demonstrated in, the number of SDs that
should be used as the cut-off, and how this ultimately relates
to the development of a subsequent dementia.

A good illustration of this is the study of Dalrymple-
Alford et al. [62••] in a population of 119 nondemented
PD patients assessed on 20 neuropsychological measures
across four cognitive domains. They showed that the prev-
alence of PD-MCI could range from 14% when the conser-
vative criteria of two scores in one domain at two SDs below
normal was adopted compared to 89% of patients (and 70%
of control patients) when a more relaxed criteria of one
score from one domain at one SD below normal was used.
The authors suggest that two scores below 1.5 SDs from the
normative mean, either within one domain (30% preva-
lence) or across two domains (37% prevalence), are the
most suitable criteria to adopt.

Aarsland [2] adopted similar criteria to that specified
above (1.5 SDs below the normative mean taken as a cut-
off for impairment in at least one domain, with test scores
within each domain averaged) for a recent large multicenter
analysis of 1,341 PD patients, and reported the prevalence
of PD-MCI as 25.8% (CI 23.5–28.2). However, only three
cognitive domains were specified (attention/executive,
memory, and visuo-spatial) instead of the usual four, and
data was not available on all three domains for every site; in
addition, at some sites, performance on a domain was de-
pendent on a single neuropsychological test within that
domain.

Formalized diagnostic criteria for PD-MCI, which should
enable a more consistent approach to the classification and
evaluation of early cognitive impairment in PD in future
longitudinal studies, are currently under development. How-
ever, the prognostic value of PD-MCI, or more specifically,
whether all cognitive impairment seen in PD should be
classified as PD-MCI is still a contentious issue. As dis-
cussed above, it is recognized that cognitive function will
decline over time leading to dementia within a relatively
short period in some PD patients, while in others deficits
may appear early in the disease but remain unchanged or
actually even improve over time [52]. As such, the defini-
tion of PD-MCI should take this into account, with careful
consideration given to the need for subtypes of PD-MCI to
be defined in future longitudinal studies.

Conclusions

Early cognitive impairment is a significant feature in many
PD patients and can have a profound effect on quality of life
of both patients and caregivers. Work is ongoing into the
exact nature of the impairments experienced in these early
stages and their relationship to the development of a later
dementia. The drawing up of diagnostic criteria for “mild
cognitive impairment” in PD is yet to be actualized. Longi-
tudinal data supporting the presence of distinct cognitive
phenotypes should be used to inform the clinical application
of the term PD-MCI, although further work needs to be done
to verify the prognostic dissociation between the dopami-
nergic frontostriatal dysexecutive syndrome and the more
posterior cortically based deficits as we originally proposed
[14], as well as their genetic and neurobiological bases.

In addition to the widely documented deficits in the
domains of executive function, memory, visuo-spatial pro-
cessing, and language, there is emerging evidence of im-
pairment in social cognition, in particular ToM. Work in this
area is in its infancy and it is still unclear the exact nature of
the deficits experienced, their relationship to disease pro-
gression or the impact they have on quality of life and daily
functioning. However, there are theoretical links between

42 Curr Tran Geriatr Gerontol Rep (2012) 1:39–44



ToM function and the dopaminergic frontostriatal network,
although this is yet to be confirmed.

Interest in the early and prediagnostic phases of PD is
growing, but given the heterogeneous nature of cognitive
deficits in PD, there is an urgent need for well-designed lon-
gitudinal studies that assess the prognostic value of such
impairments. This we have undertaken in part but now requires
verification and validation in other cohorts of patients.
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