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Abstract Little is known about the relationship between

cognitive dysfunctions and the non-motor complex in

subjects with newly diagnosed untreated Parkinson’s dis-

ease (PD). The aim of this study was to explore the asso-

ciation between non-motor symptoms (NMS) and cognitive

dysfunctions in an incident cohort of de novo, drug-naive,

PD patients. Sixty-six non-demented, early, untreated PD

patients completed a semi-structured interview on NMS

and a battery of neuropsychological tests that assess verbal

memory, visuospatial abilities, and attention/executive

functions. Scores were age- and education-corrected.

Patients who failed at least two tests for each cognitive

domain were diagnosed as having mild cognitive impair-

ment (MCI). All but three (95.4%) PD patients complained

of at least one NMS. A total of 37.8% was diagnosed with

MCI. There was a relationship between sleep-NMS and

cognitive dysfunctions. Specifically, both REM behavioral

sleep disorders (RBD) and insomnia were associated with

lower scores on several cognitive tests. Moreover, RBD was

closely related to MCI. NMS and MCI are very common

even in the early phase of PD, before patients are treated.

Given the correlation between sleep disturbances and cog-

nitive impairment, it is possible that sleep symptoms in PD

patients might be considered as an early marker of dementia.
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Introduction

Besides classical motor symptoms, patients with Parkin-

son’s disease (PD) may also experience other complaints,

which are commonly referred to as ‘‘non-motor symptoms’’

(NMS). Although NMS negatively affect the patient’s

quality of life and significantly contribute to institutional-

ization at an advanced disease stage [1, 2], they are not yet

well recognized in clinical practice. NMS may already be

present at disease onset and some, like hyposmia, depres-

sion, and REM behavioral sleep disorders (RBD), may

occur even before motor symptoms [3, 4]. Besides NMS

attributable to PD-related pathology, other NMS, such as

orthostatic hypotension, nausea, psychosis or impulse

control disorders may arise or worsen consequent to

dopaminergic replacement during the course of disease

[5, 6]. Cognitive impairment is very common in PD, even

in the early stage of disease: patients who have been newly

diagnosed with PD are twice as likely to develop cognitive

dysfunctions [7] and between 20 and 57% of patients are

affected by mild cognitive impairment (MCI) within the

first 3–5 years after diagnosis [8].
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Increasing evidence suggests that the cognitive deficits

seen early in the course of PD might be a powerful pre-

dictor of the progression to dementia [9]. However, the rate

and progression of cognitive decline is still poorly under-

stood. Data from studies of advanced PD support a pre-

dictive association between cognitive impairment and such

NMS as depression [10], apathy [11], hallucinations [12],

and sleep disturbances [13]. Furthermore, dopamine

replacement therapy has been reported to affect cognition

in PD [14, 15].

Little is known about the link between cognitive dys-

functions and NMS in newly diagnosed untreated PD

patients. Therefore, we explored the relationship between

cognitive dysfunctions and NMS in an unselected cohort of

newly diagnosed, drug-naive PD patients.

Patients and methods

Study design

We conducted a baseline evaluation to determine the

prevalence of NMS and their correlation with cognitive

dysfunctions in a cohort of newly diagnosed untreated PD

patients. We clinically re-evaluated the patients 1 year later

to better assess the diagnosis of PD. The study was

approved by the local ethics committee and all patients

provided written informed consent.

Data collection and methods

We enrolled de novo, drug-naive, patients with Parkin-

sonism consecutively referred to the Department of Neu-

rological Science at the University of Naples ‘‘Federico II’’

between January 1, 2008 and June 30, 2009. Inclusion

criteria were: presence of a parkinsonian syndrome

according to United Kingdom Parkinson’s Disease Society

Brain Bank Diagnostic Criteria (bradykinesia plus one

other sign, i.e., rigidity, resting tremor or postural insta-

bility) [16]; onset \2 years; age less than 70 years and no

previous or current treatment with dopaminergic drugs.

Additional criteria for inclusion were lack of significant

cerebral lesions on MRI or CT. Exclusion criteria were:

diagnosis of secondary (such as vascular and iatrogenic) or

familial parkinsonism, diagnosis of atypical parkinsonism,

namely, multiple systemic atrophy (MSA), progressive

supranuclear palsy (PSP), corticobasal degeneration

(CBD), and dementia with Lewy bodies (DLB), according

to current diagnostic criteria [17–20].

Detailed clinical information was obtained from the

patient’s history and neurological examination. Parkin-

sonism was diagnosed by movement-disorder specialists

experienced in parkinsonian disorders and staged according

to Hoehn and Yahr [21]. The Unified Parkinson’s Disease

Rating Scale III (UPDRS-III) was used to evaluate motor

disability [22].

All patients completed the Non-Motor Symptoms

Questionnaire (NMSQuest), a validated tool for detection

of NMS in PD [23]. The NMSQuest consisted of nine NMS

domain, each of which included 2–7 specific questions with

dichotomous (yes/no) answers for a total of 30 items.

Patients (and care-givers) were asked to report specific

symptoms and domains as ‘‘present/absent’’ with reference

to the month before the visit.

The patients were also administered a neuropsycholog-

ical battery that consisted of evaluation of verbal episodic

memory (immediate and delayed recall of the Rey Audi-

tory Verbal Learning Test), visuospatial abilities (Con-

structional Apraxia Test, Benton judgment of line

orientation test, the copy task of Rey’s Copy Rey-Osterri-

eth Complex Figure Test and the Clock drawing test),

attention/executive functions (Phonological fluency task,

Stroop test, Trail making test, Corsi’s block span, verbal

span).

Scores were age- and education-adjusted, according to

Italian normative data [24]. Major depression and dementia

were diagnosed according DSM-IV criteria [25]. A cog-

nitive domain (attention/execution, visuospatial, memory)

was defined as ‘‘altered’’ when patients failed at least two

tests of each domain. Non-demented patients were diag-

nosed with MCI if one or more (single vs. multi-domain)

cognitive domain was altered, according to proposed cri-

teria [26].

Patients underwent clinical re-evaluation 1 year later to

assess the diagnosis of PD according to both exclusion and

supportive criteria of the United Kingdom Parkinson’s

Disease Society Brain Bank Diagnostic Criteria for PD.

Statistical analysis

Only fully completed scales were used for statistical

analysis. The scores of neuropsychological tests were

adjusted for age and education. Spearman’s rank correla-

tion coefficient was used to check associations: correlations

were considered weak for coefficient values below 0.30;

moderate for values between 0.30 and 0.59; and strong for

values 0.60 or higher. Statistical comparisons between

patients with or without cognitive impairment were per-

formed with the v2 test or t test as appropriate, p \ 0.05

were statistically significant. Multiple logistic regression

analyses with forward stepping (likelihood ratio method)

were applied to assess variables that were independent

correlates of MCI. Variables attaining a significance level

of p \ 0.01 with MCI in the bivariate analysis were

included in a subsequent multivariate logistic regression

model, using the presence of MCI as the dependent

J Neurol (2012) 259:1808–1813 1809

123



variable and sex, age, motor disability by mean of UPDRS

III, and total number of NMS as independent variables.

Statistical analyses were done with the STATA soft-

ware, version 11.0 (StataCorp LP, USA).

Results

We enrolled 66 de novo, drug-naive, patients: the demo-

graphics and clinical data are listed in Table 1. At 1-year

clinical follow-up, no patient showed any clinical feature

suggestive of atypical or secondary parkinsonism, all

having a positive response to dopaminergic treatment, and

thus PD was diagnosed in all subjects.

At least one NMS was identified in all but three patients

(95.4%). The percentage of single NMS as flagged up by

NMSQuest is shown in Table 2 with anxiety (56.1%), sad-

blue (45.7%), acting out during dreams (37.9%), loss of

interest (34.8%), and forgetfulness-memory (33.3%) being

the most frequently reported ([30%).

Twenty-five patients (37.8%) fulfilled criteria for either

single MCI (sMCI) or multi-domain MCI (mMCI): 12

(48%) were diagnosed with visuospatial sMCI; four (16%)

with dysexecutive sMCI; eight (32%) with non-amnestic

mMCI and one patient (4%) with amnestic mMCI. No one

fulfilled the DSM-IV criteria for dementia.

Acting out during dreams was correlated with both

immediate (Spearman’s rho: -0.454; p \ 0.0001) and

delayed recall (Spearman’s rho: -0.460; p \ 0.0001) of

Rey Auditory Verbal Learning Test, whereas insomnia was

correlated with the Constructional Apraxia Test (Spear-

man’s rho: -0.324; p = 0.008), the copy task of the Rey

Copy Rey-Osterrieth Complex Figure Test (Spearman’s

rho: -0.351; p = 0.004), Stroop color-word test interfer-

ence task (Spearman’s rho: -0.343; p = 0.005); and the

Benton judgment of line orientation test (Spearman’s rho:

-0.287; p \ 0.05). Forgetfulness–memory was correlated

with immediate recall of Rey Auditory Verbal Learning

Test (Spearman’s rho: -0.372; p = 0.002), whereas loss of

interest was correlated with the Constructional Apraxia

Test (Spearman’s rho: -0.266; p \ 0.05). No correlations

were found for the other NMS.

Based on the proposed criteria for MCI, acting out

during dreams was more frequently identified in patients

with MCI (v2 test; p = 0.001), particularly with attention/

executive MCI (v2 test; p \ 0.05). No differences were

found for the other NMS, but Mantel–Haenszel test showed

an odds ratio of having MCI equal to 1.1 for a one unit

increase in age (p \ 0.001).

We run a regression model setting MCI as dependent

variable and sex, age, UPDRS III, ‘‘acting out during

dreams’’, ‘‘insomnia’’, ‘‘forgetfulness–memory’’, ‘‘loss of

interest’’, and total number of NMS as covariates. The

regression model showed a significant effect only for acting

out during dreams (odds ratio 3.95; p = 0.02) as well as

Table 1 Demographics and clinical data of the 66 patients enrolled

in the study

Total n: 66

Men, n (%) 40 (60.6)

Age (years), mean (SD) 58.2 (8.6)

Onset (years), mean (SD) 57.7 (8.7)

UPDRS III, mean (SD) 15.1 (6.9)

Hoehn & Yahr stage, median (range) 1 (1–2)

MMSE, mean (SD) 25.7 (1.3)

Major depression (%) 0 (0)

Antidepressant drugs/sedatives (%) 0 (0)

Number of NMS per patient, mean (SD) 5.1 (3.8)

Table 2 Percentage of NMS in our cohort

NMS Yes (%)

Dribbling 15 (22.7)

Taste/smelling 16 (24.2)

Swallowing 8 (12.2)

Vomiting 5 (7.5)

Constipation 15 (22.7)

Bowel incontinence 0 (0)

Bowel emptying incompl. 9 (13.6)

Urgency 13 (19.7)

Nocturia 10 (15.1)

Forgetfulness, memory 22 (33.3)

Loss of interest 23 (34.8)

Concentrating 15 (22.7)

Hallucinations 1 (1.5)

Delusions 0 (0)

Sad, blues 30 (45.7)

Anxiety 37 (56.1)

Sex drive 1 (1,5)

Sex difficulty 7 (10.6)

Dizzy 15 (22.7)

Falling 0 (0)

Daytime sleepiness 0 (0)

Insomnia 18 (27.3)

Intense, vivid dreams 9 (13.6)

Acting out during dreams 25 (37.9)

Restless legs 2 (3)

Pains 5 (7.5)

Weight 5 (7.5)

Swelling 8 (12.2)

Sweating 2 (3)

Diplopia 4 (6)
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higher age (odds ratio 1.12; p = 0.009). The other covari-

ates did not correlate with MCI and were therefore excluded

from the model. The Hosmer–Lemeshow goodness-of-fit

test supported our regression model as being valid.

Discussion

Many previous studies have highlighted that NMS are very

common in PD, even in the early stage [27–30].

We found that nearly all patients with PD reported at

least one NMS, with symptoms belonging to neuro-psy-

chiatric (i.e., anxiety, sad-blue, loss of interest, and for-

getfulness–memory) and sleep (i.e., acting out during

dreams) domains being the most frequent. This result is

consistent with previous data showing that neuropsychiat-

ric features and sleep disturbances are very common early

in the course of PD and might predate the onset of motor

symptoms [3, 4, 31].

Few studies have evaluated cognitive dysfunctions in

early untreated PD patients. The prevalence of cognitive

impairment reported in newly diagnosed PD patients ran-

ges between 18.9 and 36% [32–34]: deficits in executive

functions, attention, visuospatial skills, and memory were

reported, non-amnestic deficits being the most frequent. In

our cohort, 25 patients fulfilled the criteria for MCI,

thereby resulting in a prevalence of 37.8%, which is mar-

ginally higher than previously reported. This little dis-

crepancy might be attributed to many factors including

study design, methodology, and definition for MCI in PD.

Previous studies have identified such NMS as depres-

sion, apathy, hallucinations, and sleep disturbances [10–13]

as being predictive risk factors for developing dementia in

PD (PDD). These NMS have been demonstrated to be very

common in PDD [35] and a recent data-driven approach

using a cluster analysis to investigate the inter-relationships

of these NMS reported the existence of five distinct sub-

groups of PDD patients, suffering respectively with hallu-

cinations, depression, sleep disturbances, apathy-anxiety-

depression and having the last cluster high scores across

several non-motor domains [36]. Moreover, a study

recently performed on non-demented PD patients demon-

strated ‘‘DASH symptoms’’ (i.e., Depression, Anxiety,

Sleep disturbances and Hallucinations) to be related to

cognitive impairment, which in turn is associated with

PDD [37]. However, this evidence came from studies

conducted on treated PD patients and dopamine replace-

ment has been demonstrated to arise or worsen such NMS

as sleep disturbances and visual hallucinations [38]. Thus

non-motor predictors of cognitive impairment in early

untreated PD patients have never been investigated. To our

knowledge, ours is the first study to look for correlations

between cognitive functions and the whole NMS-complex

in de novo, untreated PD patients. In our cohort, patients

with sleep disturbances scored lower than patients without

sleep disturbances on many cognitive tests, especially those

exploring non-amnestic domains. In detail, we have found

a strong correlation between ‘‘acting out during dreams’’

and impairment of verbal memory, whereas insomnia was

associated with frontal and visuospatial dysfunctions.

Moreover, patients with ‘‘acting out during dreams’’ were

more frequently diagnosed as having MCI, particularly

executive-MCI, also when adjusted for such confounding

factors as gender, motor symptoms severity, other NMS

belonging to cognitive or neuro-psychiatric domains and

disease duration, age being the only other independent risk

factor to develop cognitive impairment. In line with pre-

viously published studies, it is conceivable that ‘‘acting out

during dreams’’ could refer to RBD phenomena [39]. In

fact, in the work of Perez-Lloret et al., sleep-related items

of the NMSQuest have been compared with data obtained

from Parkinson’s Disease Sleep Scale (PDSS), from sleep

patients diary and from nocturnal actigraphy. Presence of

RBD, as flagged up by item 25 of NMSQuest, was par-

ticularly related to increased nocturnal activity as measured

by actigraphy. Moreover, the association we found between

‘‘acting out during dreams’’ and cognitive impairment

coincides the previously reported close correlation between

PD-related RBD and non-amnestic MCI [13, 40, 41].

Neuropathologic and neuroimaging studies revealed that

PD patients with cognitive impairment and with RBD are

affected by similar neural alterations in several brainstem

nuclei and anomalies in their corresponding neurotrans-

mitters (i.e., dopaminergic, cholinergic, noradrenergic, and

serotonergic systems) [42, 43]. All these brainstem struc-

tures have widespread projections to the cerebral cortex

and perturbations of these neural networks, particularly

cholinergic deficit due to degeneration of the ascending

pathways [44], may contribute to the development of

cognitive impairment and dementia in PD patients, even

before involvement of the neocortex. This ‘‘cascade’’ could

partially account for the association we found between

RBD and memory tasks, and supports the concept that

sleep disturbances are an early risk factor for dementia.

This study represents the first attempt to investigate the

whole spectrum of NMS and its correlation with cognitive

functions in de novo, drug-naive PD patients. We

acknowledge that it has some limitations: (1) the lack of

normal controls to assess differences in NMS with PD

patients and to compare results of the neuropsychological

testing; however, we adjusted the results for age and edu-

cation according to normative data; (2) although the

NMSQuest is a validated tool to detect NMS in PD patients

and sleep-related items of the NMSQuest have been further

validated [39], the diagnosis of clinical RBD was based on

interview and no sleep recording was obtained. However,
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for RBD clinical recognition, we did not consider cases of

somniloquy without limb or body movements, as reported

by the care-givers; single and isolated episodes were also

disregarded, while vivid dreams accounted for another item

(i.e., item 24, intense vivid dreams).

Further studies are needed to better understand the mech-

anisms underlying the non-motor complex in PD. In particu-

lar, it is necessary to define the clinical relevance of the

different MCI subtypes, their relationship with NMS and their

prognostic value in terms of risk for developing dementia.
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