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Abstract
Introduction: Numerous studies have been carried out to explore the potential asso-
ciation between neurologic deficits and variable clinical manifestations of Parkinson’s 
disease (PD). The aim of our study was to investigate the association between cogni-
tive performance and motor dysfunction in Chinese patients with PD.
Methods: Data from 96 patients with PD were obtained from the Parkinson’s disease 
patient	cohort	database	of	Huashan	Hospital.	All	participants	underwent	a	compre-
hensive	neuropsychological	evaluation	to	assess	cognitive	status,	that	included	scor-
ing	on	the	Mini-	mental	state	examination	(MMSE),	followed	by	more	detailed	cognitive	
assessment	on	five	main	cognitive	domains	(verbal	memory,	nonverbal	memory,	visu-
ospatial	function,	 language	and	attention/executive	function).	Correlations	between	
cognitive	and	motor	scores	were	investigated	after	controlling	for	age,	disease	dura-
tion,	education,	and	gender.
Results: We report a significant correlation between subdomains of cognitive impair-
ment	and	motor	dysfunction	using	analyses	of	the	multiple	linear	regression.	Notably,	
executive function and attention was significantly associated with bradykinesia and 
rigidity,	while	visuospatial	function	was	associated	with	bradykinesia	and	tremor.
Conclusions: The association between motor dysfunction and cognitive decline in PD 
might highlight deficits represented by a shared neurochemical pathway.

K E Y W O R D S

association,	cognitive	impairment,	motor	dysfunction,	Parkinson’s	disease

1  | INTRODUCTION

It is well recognized that Parkinson’s disease (PD) is a multifaceted 
neurodegenerative disorder characterized by both motor (bradyki-
nesia,	resting	tremor,	rigidity,	and	postural	instability)	and	non-	motor	
symptoms	 (REM	 behavior	 disorder	 [RBD],	 hyposmia,	 constipation,	
depression	and,	cognitive	impairment)	(Chaudhuri,	Healy,	&	Schapira,	
2006).	 Even	 in	 early	 stages	 of	 PD,	 cognition	 is	 commonly	 impacted	

on	a	range	of	subdomains	and	with	substantial	heterogeneity.	Among	
them,	problems	with	executive	function,	attention/working	memory,	
and visuospatial function are consistently revealed by a battery of neu-
ropsychological	examinations	in	early	PD	(Aarsland,	Bronnick,	Larsen,	
Tysnes,	&	Alves,	2009;	Elgh	et	al.,	2009).

The relationships between different PD motor phenotypes and spe-
cific cognitive dysfunction have been investigated in de novo and medi-
cated	PD	patients.	In	several	early	investigations,	postural	instability	and	
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gait	difficulties	 (PIGD)	subtype	was	prone	to	a	faster	rate	of	cognitive	
decline	(Williams-	Gray,	Foltynie,	Brayne,	Robbins,	&	Barker,	2007),	while	
tremor- dominant subtype was less likely to develop cognitive impair-
ment	(Alves,	Larsen,	Emre,	Wentzel-	Larsen,	&	Aarsland,	2006;	Burn	et	al.,	
2006). The connections between motor functions and cognitive domains 
have	 been	 investigated	 in	 newly	 diagnosed,	 drug	 naive	 PD	 patients.	
These authors found a shared system for bradykinesia and inflexible 
thinking,	no	association	was	found	between	cognitive	performance	and	
tremor	(Domellof,	Elgh,	&	Forsgren,	2011;	Poletti	et	al.,	2012).	However,	
cognitive	deficits	may	be	subtle	in	newly	diagnosed,	drug	naive	PD	pa-
tients and no consensus has been reached with respect to the structured 
cognitive profiles associated with the motor manifestations in PD. In ad-
dition,	the	effect	culture	may	have	on	cognitive	assessment,	in	particular	
Chinese	culture,	has	yet	 to	be	examined.	Herein,	 the	objective	of	 this	
study is to investigate the association between motor symptom subtypes 
and profiles of cognitive function in Chinese nondemented PD patients.

2  | METHODS

2.1 | Subjects

All	participants	enrolled	in	the	study	were	patients	under	care	at	the	
Movement	Disorders	Clinic	of	Huashan	Hospital	affiliated	 to	Fudan	
University.	Their	data	were	collected	from	a	Parkinson’s	disease	data-
base	produced	within	the	clinic.	All	participants	fulfilled	the	criteria	for	
idiopathic	PD	(iPD)	according	to	UK	Parkinson’s	Disease	Society	Brain	
Bank	criteria	(Hughes,	Daniel,	Kilford,	&	Lees,	1992).	Diagnoses	were	
confirmed	after	being	followed	for	2–6	years.	Atypical	Parkinsonism,	
such	 as	multiple	 system	 atrophy,	 progressive	 supranuclear	 palsy	 or	
corticobasal	degeneration,	were	excluded.

For	those	late-	onset	PD	patients	with	onset	being	above	40	years	
and	H&Y	stage	being	I-	IV,	there	were	221	consecutive	patients	with	
idiopathic Parkinson’s disease who agreed to participate in this study 
during	the	period	of	July	2010	to	March	2014,	and	further	assessments	
were performed after informed consents. Diagnosis for five patients 
was changed during follow- up. Those patients (n = 31) who under-
went	UPDRS-	III	 rating	on	anti-	PD	medications	were	not	 included	 in	
this	study,	nor	were	those	patients	with	total	UPDRS-	III	score	less	than	
7 (n	=	5)	during	off-	medications.	An	additional	38	patients	declined	or	
were	not	able	to	finish	the	neuropsychological	assessments,	therefore,	
142	PD	patients	 in	 total	 finished	neuropsychological	 evaluation.	Of	
those	PD	patients,	a	subset	on	anticholinergic	medication	or	with	de-
mentia	defined	as	MMSE	score	being	below	24	were	also	excluded	
from	this	study.	Thus,	96	PD	patients	were	included	in	the	analyses.

All	 participants	 provided	 written	 informed	 consent	 which	 was	
in	accordance	with	the	Declaration	of	Helsinki	and	approved	by	the	
Human	Studies	Institutional	Review	Board	at	Huashan	Hospital	affili-
ated	to	Fudan	University.

2.2 | Assessment

All	 participants	 underwent	 a	 comprehensive	 clinical	 assessment	 in-
cluding	 motor	 and	 cognitive	 testing.	 Information	 on	 demographics,	

antiparkinsonian medication and medical history was obtained. To 
standardize	data	on	medication,	we	converted	dosages	of	PD	medi-
cations to total daily levodopa equivalent doses. The motor part of 
the	UPDRS	 (Part	 III)	was	 used	 to	 assess	 the	 severity	 of	 disease	 by	
two	 independent	 trained	 interviewers	 during	 an	 “OFF”	 medication	
state,	which	was	defined	as	being	off	antiparkinsonism	medications	
for	at	 least	12	hr.	Meanwhile,	a	videotaping	of	the	patient	undergo-
ing	UPDRS–motor	score	evaluation	was	recorded	for	a	possible	later	
review.	The	motor	subscores	were	calculated	from	the	UPDRS-	III:	the	
sum	of	UPDRS	items	20	and	21	for	the	tremor	score,	item	22	for	rigid-
ity,	the	sum	of	items	23,	24,	25,	and	26	for	the	bradykinesia	score,	the	
sum	of	items	27,	28,	29,	and	30	for	the	posture	and	gait	score	(arising	
from	chair,	posture,	gait,	and	postural	stability),	and	the	sum	of	items	
18	and	19	for	the	bulbar	score	(speech	and	facial	expression).

After	being	evaluated	on	motor	dysfunction	in	the	morning,	pa-
tients were then required to take their regular antiparkinsonian med-
ications,	 and	 cognitive	 evaluation	was	 conducted	 during	 the	 “ON”	
state.	 Global	 cognition	 was	 assessed	 using	 the	 Mini	 Mental	 State	
Examination	(MMSE)	(Katzman	et	al.,	1988)	and	depression	was	rated	
using	 the	Geriatric	Depression	 Rating	 Scale	 (GDS)	 (Yesavage	 et	al.,	
1982)	and	Beck	Depression	Inventory	(BDI)	(Beck,	Ward,	Mendelson,	
Mock,	 &	 Erbaugh,	 1961).	 Five	 specific	 cognitive	 domains	were	 as-
sessed	by	a	comprehensive	neuropsychological	battery,	with	atten-
tion	being	tested	by	the	Symbol	Digit	Modality	Test	(SDMT)	(Sheridan	
et	al.,	2006)	and	Trail	Making	Test	A	(TMT-	A)	(Zhao	et	al.,	2013);	ex-
ecutive	 function	 by	 the	 Stroop	 Color-	Word	Test	 (CWT)	 (Steinberg,	
Bieliauskas,	Smith,	&	Ivnik,	2005)	and	the	Trail	Making	Test	B	(TMT-	B)	
(Zhao	et	al.,	2013);	language	by	the	Boston	Naming	Test	(BNT)	(Lucas	
et	al.,	 2005)	 and	Verbal	 Fluency	 Test	 (VFT,	 animals,	 cities,	 alterna-
tives)	 (Lucas	et	al.,	 2005);	memory	by	 the	Auditory	Verbal	 Learning	
Test	(AVLT)	(Guo,	Zhao,	Chen,	Ding,	&	Hong,	2009)	and	delayed	re-
call	of	the	Rey-	Osterrieth	Complex	Figure	Test	(CFT-	recall)(Caffarra,	
Vezzadini,	Dieci,	Zonato,	&	Venneri,	2002);	and	visuospatial	function	
by	 the	 Clock	 Drawing	Test	 (CDT)	 (Wang,	 Shi,	 Zhao,	 Hong,	 &	 Guo,	
2014)	 and	 copy	 task	 of	 Rey-	Osterrieth	 Complex	 Figure	 test(CFT-	
copy)	(Caffarra	et	al.,	2002).

2.3 | Statistical analysis

For	 all	 statistical	 analyses,	 we	 used	 Statistical	 Package	 SPSS	 ver-
sion	 22.0(SPSS,	 RRID:SCR_002865).	 Since	most	 variables	were	 not	
normally	 distributed,	 the	 nonparametric	 Spearman’s	 rho	 was	 used	
to explore correlations between motor and cognitive variables. 
Independent demographic variables found correlated with psycho-
logical variables were used as covariates and forced into a stepwise 
multivariable liner regression analysis to determine if the relationships 
found between the motor and neuropsychological variables were 
unique. Raw scores from each of the neuropsychological tests were 
used as the dominant variable in separate multiple linear regression 
models.	Multicollinearity	diagnostics	were	performed	and	residual	dis-
tribution	was	checked.	A	p- value less than .05 was taken to indicate a 
statistically significant relationship between the corresponding pair of 
variables interrogated.
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3  | RESULTS

The demographic and clinical characteristics of 96 participants are 
shown in Table 1. Neuropsychological tests performed on the partici-
pants	took,	on	average,	1	hr.	The	majority	of	participants	completed	
all	assessments,	with	the	exceptions	that	 four	did	not	complete	the	
CFT	memory	test	and	six	patients	quit	the	AVLT	recognition	compo-
nent during assessment.

Using	nonparametric	correlations	(Table	2),	cognitive	function	was	
significantly	correlated	with	age,	gender,	disease	duration,	and	years	
of	education.	UPDRS	sub-	items	(bradykinesia,	rigidity,	and	axial	symp-
toms)	were	correlated	with	a	range	of	neuropsychological	measures,	
but tremor was not correlated with any cognitive measure. In the mul-
tiple	 linear	 regression	analysis,	with	age,	disease	duration,	 sex,	edu-
cation	and	the	other	motor	signs	being	controlled	 for	 in	15	models,	
the following cardinal signs contributed to the model (Table 3): tremor 
was	positively	correlated	with	delayed	 recall	 score	of	CFT	 (β	=	.295,	
p	=	.006);	bradykinesia	was	significantly	correlated	with	CFT	copy	time	
(β	=	.277,	p	=	.005),	delayed	recall	score	of	CFT	(β	=	−.358,	p	=	.001),	
SDMT	 (β	=	−.258,	 p	=	.008),	 TMT-	A	 (β	=	.442,	 p	<	.001),	 TMT-	B	
(β	=	.304,	p	=	.001)	and	VFT	animal/word	interference	test	(β	=	−.460,	
p	<	.001);	 rigidity	 was	 positively	 correlated	 with	 VFT	 animal/word	
interference test (β	=	.301,	p = .017) and CDT (β	=	.284,	p	=	.008).	 In	
addition,	 negative	 correlations	were	 found	 between	 PIGD	 subscore	
and CDT (β	=	−.330,	p	=	.002)	and	Stroop	color	word	interference	test	
(β	=	.258,	p	=	.008),	 respectively.	No	correlation	was	 found	between	

bulbar	score	and	cognitive	measures.	AVLT	and	BNT	did	not	correlate	
with any motor subscore.

4  | DISCUSSION

In	this	study,	we	investigated	the	associations	between	impairments	
in cognitive subdomains and motor features in Chinese patients with 
PD.	 In	summary,	we	show	that	executive	dysfunction,	Stroop	Color	
Word	 Interference	 Test	 was	 associated	 PIGD;	 Trail	 Making	 Test	
(TMT-	B)	was	associated	with	bradykinesia;	 and	VFT-	animal/city	 as-
sociated with bradykinesia and rigidity. In the cognitive subdomain 
of	attention,	Symbol	Digit	Modality	Test	(SDMT)	was	associated	with	
bradykinesia.	In	the	visuospatial	domain,	copy	time	of	CFT	was	associ-
ated	with	bradykinesia.	 In	memory	domain,	 recall	 score	of	CFT	was	
associated with bradykinesia and tremor.

Executive function is considered critical to ones neuropsycholog-
ical	profile	(Watson	&	Leverenz,	2010).	 In	PD,	the	neuropathological	
correlates	of	executive	dysfunction	have	been	shown	to	be,	 in	part,	
a	result	of	fronto-	striatal	circuit	 impairment.	Thus,	 the	dopaminergic	
deficits within the basal ganglia play a functional role in executive 
dysfunction.	 (Kehagia,	 Barker,	 &	 Robbins,	 2010).	 Growing	 evidence	
points towards an association between executive dysfunction and 
motor	manifestations,	including	PIGD	(Amboni,	Barone,	&	Hausdorff,	
2013).	However,	 likely	due	to	the	disparate	rating	tools	used	among	
investigators,	not	all	reports	are	in	agreement.	This	is	especially	true	
when considering the results from the specific subdomains of the 
assessment	 tools	 utilized.	 For	 example,	 in	Uc	 et	al.	 (2005),	 the	 sub-	
items,	 instability	and	gait	disorders,	from	UPDRS	III	were	performed	
to	 evaluate	 PIGD.	They	 report	 that	 poorer	visuospatial	 abilities	 and	
executive function were both found to be associated with worse gait 
and	postural	instability	(Uc	et	al.,	2005).	In	contrast,	in	another	study,	
axial	signs	(measured	by	UPDRS	III)	were	associated	with	worse	visu-
ospatial memory and visuospatial functioning in newly diagnosed PD 
(Domellof	et	al.,	2011).	Vercruysse	et	al.	 (2012)	found	that	executive	
function	measured	by	the	SCOPA-	COG	was	a	significant	predictor	of	
freezing	of	gait	(FOG),	a	special	form	of	PIGD.

In	our	current	work,	we	selected	related	sub-	items	from	UPDRS	
III	 to	evaluate	PIGD	along	with	 a	 comprehensive	 cognitive	 test	 for	
assessing	executive	dysfunction.	We	show	that	part	III	of	the	Stroop	
test	(time	of	color-	word	task)	was	positively	correlated	with	the	PIGD	
score. In a previous study studying PD patients with freezing of gait 
(FOG),	 there	was	 impairments	 found	 in	 Stroop	 test	 part	 II,	 but	 no	
change	discovered	 in	 the	mean	Stroop	part	 III	 scores	 in	 those	with	
FOG	(Amboni,	Cozzolino,	Longo,	Picillo,	&	Barone,	2008).	Therefore,	
our findings further extend the relationship between executive dys-
function	and	the	occurrence	of	PIGD	in	PD.	The	mechanism	of	PIGD	
in PD may be caused by not only dopaminergic deficits but also by 
other	 disrupted	neurotransmitter	 system	 (Owen	et	al.,	 1992),	 since	
there is the commonality between the neural networks underly-
ing these subdomains of cognitive impairments and motor features 
(Gratwicke,	Jahanshahi,	&	Foltynie,	2015).	Another	potential	underly-
ing	mechanism	for	FOG	may	be	a	lack	of	sufficient	compensation	of	

TABLE  1 Demographics characteristics

PD subjects 
(n = 96), mean(SD)

Age	of	onset 57.9	(8.0)

Age	of	assessment,	y 61.8	(7.9)

Sex(M/F) 55/41

Education,	y 13.1 (3.0)

PD duration (months) 46.8	(47.2)

Hoehn	&	Yahr	stage 1.9 (0.7)

UPDRS–III 23.9	(10.8)

Tremor 3.7 (3.5)

Rigidity 10.6 (5.0)

Bradykinesia 4.1	(3.0)

PIGD 2.0	(0.8)

Bulbar 2.0 (1.2)

MMSE 28.3	±	1.8

Total equivalent dose 222.0 (299.7)

Levodopa	treatment 155.0	(243.8)

Dopamine agonist 32.8	(59.3)

MAOB-	I 12.2 (32.2)

UPDRS,	Unified	Parkinson’s	Disease	Rating	Scale;	PIGD,	postural	instabil-
ity	 and	 gait	 disorders;	MMSE,	Mini-	mental	 state	 examination;	MAOI-	B,		
monoamine	oxidase	inhibitor	type	B.
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executive	function	in	gait,	since	increased	cognitive	load	was	found	
to lead to freezing gait by utilizing dual- task tests analogous to per-
forming	 cognitive	 tasks	 while	 walking	 (Hausdorff,	 Yogev,	 Springer,	
Simon,	&	Giladi,	2005;	Yogev-	Seligmann,	Hausdorff,	&	Giladi,	2008).	
This theory agrees well with the result of a greater tendency in PD 
patients	 with	 dopamine-	unresponsive	 PIGD	 to	 develop	 dementia	
earlier	 in	 the	 disease	 course	 (Burn	 et	al.,	 2006;	 Lewis	 et	al.,	 2005).	
Notably,	 clarifying	 the	 association	 between	 executive	 deficits	 and	
PIGD	may	help	us	identify	a	common	pathway	of	the	neural	networks	
jointly	underlying	cognitive	processes	and	PIGD.	In	the	current	work,	
we	 have	 also	 found	 a	 correlation	 between	TMT	 and	 bradykinesia/
rigidity,	which	 is	 in	 agreement	with	 previous	 reports	 showing	 that	
the spatial pattern of fronto- parietal hypometabolism was correlated 
with	executive	impairment	tested	by	Trail	Making	Test	Part	B	(Huang	
et	al.,	2007).

Attention	comprises	three	different	subdomains	including	execu-
tive	control,	orienting	and	alerting	(Petersen	&	Posner,	2012),	and	is	
implicated	 in	 fronto-	parietal,	 corticopetal	 cholinergic	 and	 noradren-
ergic pathways. Overlapping this circuit are dopaminergic networks 
engaged	with	execution	of	 tasks.	 In	 the	current	study,	Symbol	Digit	
Modality	Test	(SDMT)	and	TMT-	A	as	the	measurements	of	attention	
were	 revealed	to	be	associated	with	bradykinesia.	An	early	positron	
emission tomography (PET) scan- based study suggested that the per-
formance in vigilance as an attention test was positively correlated 
with	the	Fluoro-	L-	DOPA	uptake	in	the	dorsolateral	prefrontal	cortex	
(Bruck,	Aalto,	Nurmi,	Bergman,	&	Rinne,	2005),	indicating	the	relation-
ship between prefrontal cortex- striatum dopaminergic systems and 
attention.	 In	a	previous	 report	by	our	group,	we	showed	 that	FDG-	
PET imaging of PD patients with dementia (PDD) presented bilateral 

areas of hypometabolism in the frontal and posterior parietal- occipital 
lobes	compared	with	PD-	MCI	patients	and	showed	greater	metabolic	
reductions in comparison with PD patients without dementia (Tang 
et	al.,	2016).	This	 finding	highlighted	 the	 role	of	 frontal	and	parietal	
cortices in cognitive disturbance of patients diagnosed with PDD. 
Results of other reports also showed the association between atten-
tion	and	PIGD,	in	which	fallers	with	PD	presented	worse	performance	
of	attention	than	non-	fallers	(Allcock	et	al.,	2009;	Yogev	et	al.,	2005).	
However,	this	correlation	was	not	shown	in	the	current	study,	suggest-
ing or highlighting the complicated and heterogeneous interrelation of 
motor and cognitive symptoms in PD across different studies.

In	the	remaining	subdomains	of	cognitive	dysfunction	in	PD,	copy	
time	of	CFT	in	visuospatial	domain	was	shown	to	be	associated	with	
bradykinesia	and	recall	score	of	CFT	in	the	memory	domain	was	as-
sociated	with	tremor	and	bradykinesia.	To	our	knowledge,	 the	 latter	
correlation between visuospatial memory reservation and tremor 
has	 yet	 to	 be	 reported,	 and	 may	 reflect	 the	 involvement	 of	 other	
non-	dopaminergic	 transmitter	 systems,	 for	 example,	 the	 cholinergic	
system,	well	 known	 for	 its	 role	 in	 memory	 (Gratwicke	 et	al.,	 2015;	
Helmich,	Hallett,	Deuschl,	Toni,	&	Bloem,	2012).	Tremor	in	PD	is	be-
lieved to result from the disruption of two circuits: a dopaminergic 
striatopallidal	circuit	and	a	cerebello-	thalamo-	cortical	circuit	(Helmich	
et	al.,	2012),	and	may	also	partially	originate	 from	serotonergic	dys-
function	(Doder,	Rabiner,	Turjanski,	Lees,	&	Brooks,	2003).

The discrepancies between different reports describing the rela-
tionships between cognitive dysfunction and motor impairments in 
PD may be explained by the following confounding factors: demo-
graphics,	disease	duration,	medications,	and	cultural	differences	that	
may include the use of Chinese characters in language writing that 
might lead to better graphic information perception.

There are several limitations in this study or considerations to 
be	made	when	interpreting	the	results.	Firstly,	PD	patients	recruited	
in	 the	 study	were	not	 drug	naive,	 their	motor	 functions	were	 rated	
during off- medication and cognition assessed during on- medication. 
To	this	regard,	there	was	concern	that	anti-	PD	medications	may	affect	
neuropsychological evaluation as dopamine replacement therapy has 
previously been shown to produce both beneficial and aggravating ef-
fects	on	different	cognitive	 functions	 (Cools,	2006).	However,	 there	
were also caveats in newly diagnosed and drug naive PD patients in 
this	type	of	study,	since	the	motor	and	cognitive	deficits	may	be	mild	
and its narrow range might be difficult to be interrelated to other vari-
ables. Previous studies have been reported whereby these associa-
tions in medicated PD patients at various clinical stages was evaluated 
(Domellof,	 Forsgren,	 &	 Elgh,	 2013;	Williams	 et	al.,	 2007).	 Secondly,	
neuropsychological	tests,	such	as	the	TMT	A/B,	applied	in	this	study	
may	 be	 directly	 influenced	 by	 Parkinsonian	 motor	 symptoms,	 also,	
the performance of verbal fluency tasks was affected by dysarthria in 
those advanced PD patients. We performed neuropsychological test 
during on- medication state to minimize influence of motor dysfunc-
tion,	however,	the	motor-	cognition	correlations	found	between	on-	off	
medication	state	might	be	spurious.	Third,	there	were	inevitably	rat-
er’s bias and motor fluctuation in the subjective assessments of motor 
dysfunction.	Finally,	caution	should	be	kept	 in	mind	to	 interpret	the	

TABLE  3 Multiple	regression	analysis	of	motor	and	cognitive	
dysfunction in 96 patients with PD

R² β p value

Tremor

CFT-	delayed	recall .162 .295 .006

Bradykinesia

CFT-	copy	time .112 .277 .005

CFT-	delayed	recall .162 −.358	 .001

SDMT .142	 −.258	 .008

TMT-	A	 .387	 .442	 <.001

TMT-	B	 .231 .304	 .001

VFT-	animal/city .127 −.460 <.001

Rigidity

VFT-	animal/city	 .127 .301 .017

CDT .127 .284 .008

PIGD

Stroop-	color/word	time .184 .258 .008

CDT .127 −.330 .002

CFT,	Rey-	Osterrieth	Complex	Figure	Test;	SDMT,	Symbol	Digit	Modality	
Test;	 TMT,	 Trail	 Making	 Test;	 VFT,	 Verbal	 Fluency	 Test;	 CDT,	 Clock	
Drawing Test.
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statistically significant findings. There could be many different causes 
for	the	correlation.	For	instance,	the	anti-	parkinsonism	medication	ef-
fect. Our assumption that two correlated functions are governed by 
shared underlying mechanism should be verified by further studies 
employing,	for	example,	functional	neuroimaging.

Future	 efforts	 should	 focus	 on	 longitudinal	 studies	 tracking	 the	
change of associations between the motor and cognitive variables 
over	time.	A	similar	one-	year	follow-	up	study	was	conducted	that	fo-
cused	on	bradykinesia	and	working	memory,	etc.	in	a	clinical	research	
setting. They showed that change in cognitive and motor functions 
were associated from time of diagnosis until 1 year after diagnosis 
(Domellof	et	al.,	2013).	Nevertheless,	 longer	period	of	monitoring	 is	
warranted to better understand the neuropathophysiological origins 
of	diverse	motor	and	nonmotor	signs	in	PD	patients.	Such	outcomes	
could lead to better understanding of prognosis and bears the poten-
tial to facilitate discovery of new avenues for symptomatic treatments.

ACKNOWLEDGMENTS

This	work	was	supported	by	Grants	from	the	National	Natural	Science	
Foundation	of	 	China	 (Nos.	81571232,81371413),	key	project	 from	
Science	 and	 Technology	 Commission	 of	 Shanghai	 Municipality	
(13JC1401103),	project	from	the	Science	and	Technology	Commission	
of	 Shanghai	 Municipality	 (15ZR1435800),	 and	 project	 of	 Shanghai	
Municipal	Commission	of	Health	(XBR2013088).

CONFLICT OF INTEREST

None of the authors report any financial interest or benefit arising 
from the direct application of this research. The authors have no con-
flict of interest to report.

REFERENCES

Aarsland,	 D.,	 Bronnick,	 K.,	 Larsen,	 J.	 P.,	 Tysnes,	 O.	 B.,	 &	 Alves,	 G.,	 &	
Norwegian	 ParkWest	 Study,	 G.	 (2009).	 Cognitive	 impairment	 in	 in-
cident,	 untreated	 Parkinson	 disease:	 The	 Norwegian	 ParkWest	
study. Neurology,	 72(13),	 1121–1126.	 https://doi.org/10.1212/01.
wnl.0000338632.00552.cb

Allcock,	L.	M.,	Rowan,	E.	N.,	Steen,	I.	N.,	Wesnes,	K.,	Kenny,	R.	A.,	&	Burn,	
D. J. (2009). Impaired attention predicts falling in Parkinson’s dis-
ease. Parkinsonism & Related Disorders,	 15(2),	 110–115.	 https://doi.
org/10.1016/j.parkreldis.2008.03.010

Alves,	 G.,	 Larsen,	 J.	 P.,	 Emre,	 M.,	 Wentzel-Larsen,	 T.,	 &	 Aarsland,	 D.	
(2006). Changes in motor subtype and risk for incident dementia in 
Parkinson’s disease. Movement Disorders,	 21(8),	 1123–1130.	 https://
doi.org/10.1002/mds.20897

Amboni,	M.,	Barone,	P.,	&	Hausdorff,	J.	M.	(2013).	Cognitive	contributions	
to gait and falls: Evidence and implications. Movement Disorders,	28(11),	
1520–1533.	https://doi.org/10.1002/mds.25674

Amboni,	 M.,	 Cozzolino,	 A.,	 Longo,	 K.,	 Picillo,	 M.,	 &	 Barone,	 P.	 (2008).	
Freezing	of	gait	 and	executive	 functions	 in	patients	with	Parkinson’s	
disease. Movement Disorders,	23(3),	395–400.	https://doi.org/10.1002/
mds.21850

Beck,	A.	T.,	Ward,	C.	H.,	Mendelson,	M.,	Mock,	J.,	&	Erbaugh,	J.	(1961).	An	
inventory for measuring depression. Archives of General Psychiatry,	4,	
561–571.

Bruck,	A.,	Aalto,	S.,	Nurmi,	E.,	Bergman,	J.,	&	Rinne,	J.	O.	(2005).	Cortical	
6-	[18F]fluoro-	L-	dopa	 uptake	 and	 frontal	 cognitive	 functions	 in	 early	
Parkinson’s disease. Neurobiology of Aging,	26(6),	891–898.	https://doi.
org/10.1016/j.neurobiolaging.2004.07.014

Burn,	D.	J.,	Rowan,	E.	N.,	Allan,	L.	M.,	Molloy,	S.,	O’Brien,	J.	T.,	&	McKeith,	
I.	G.	 (2006).	Motor	 subtype	and	cognitive	decline	 in	Parkinson’s	dis-
ease,	Parkinson’s	disease	with	dementia,	and	dementia	with	Lewy	bod-
ies. Journal of Neurology, Neurosurgery and Psychiatry,	77(5),	585–589.	
https://doi.org/10.1136/jnnp.2005.081711

Caffarra,	P.,	Vezzadini,	G.,	Dieci,	F.,	Zonato,	F.,	&	Venneri,	A.	 (2002).	Rey-	
Osterrieth complex figure: Normative values in an Italian population 
sample. Neurological Sciences,	22(6),	443–447.	https://doi.org/10.1007/
s100720200003

Chaudhuri,	K.	R.,	Healy,	D.	G.,	&	Schapira,	A.	H.,	&	National	 Institute	for	
Clinical,	 E.	 (2006).	 Non-	motor	 symptoms	 of	 Parkinson’s	 disease:	
Diagnosis and management. The Lancet Neurology,	 5(3),	 235–245.	
https://doi.org/10.1016/s1474-4422(06)70373-8

Cools,	 R.	 (2006).	 Dopaminergic	 modulation	 of	 cognitive	 function-	
implications	for	L-	DOPA	treatment	in	Parkinson’s	disease.	Neuroscience 
and Biobehavioral Reviews,	 30(1),	 1–23.	 https://doi.org/10.1016/j.
neubiorev.2005.03.024

Doder,	M.,	Rabiner,	E.	A.,	Turjanski,	N.,	Lees,	A.	J.,	&	Brooks,	D.	J.,	&	study,	
C. W. P. (2003). Tremor in Parkinson’s disease and serotonergic dys-
function:	An	11C-	WAY	100635	PET	study.	Neurology,	60(4),	601–605.

Domellof,	M.	E.,	Elgh,	E.,	&	Forsgren,	L.	(2011).	The	relation	between	cog-
nition and motor dysfunction in drug- naive newly diagnosed patients 
with Parkinson’s disease. Movement Disorders,	 26(12),	 2183–2189.	
https://doi.org/10.1002/mds.23814

Domellof,	M.	E.,	Forsgren,	L.,	&	Elgh,	E.	(2013).	Persistence	of	associations	
between cognitive impairment and motor dysfunction in the early 
phase of Parkinson’s disease. Journal of Neurology,	260(9),	2228–2236.	
https://doi.org/10.1007/s00415-013-6971-6

Elgh,	E.,	Domellof,	M.,	Linder,	J.,	Edstrom,	M.,	Stenlund,	H.,	&	Forsgren,	L.	
(2009).	Cognitive	function	in	early	Parkinson’s	disease:	A	population-	
based study. European Journal of Neurology,	16(12),	1278–1284.	https://
doi.org/10.1111/j.1468-1331.2009.02707.x

Gratwicke,	J.,	Jahanshahi,	M.,	&	Foltynie,	T.	(2015).	Parkinson’s	disease	de-
mentia:	A	neural	networks	perspective.	Brain,	138(Pt	6),	1454–1476.	
https://doi.org/10.1093/brain/awv104

Guo,	 Q.,	 Zhao,	 Q.,	 Chen,	 M.,	 Ding,	 D.,	 &	 Hong,	 Z.	 (2009).	 A	 compari-
son study of mild cognitive impairment with 3 memory tests among 
Chinese individuals. Alzheimer Disease and Associated Disorders,	23(3),	
253–259.	https://doi.org/10.1097/WAD.0b013e3181999e92

Hausdorff,	J.	M.,	Yogev,	G.,	Springer,	S.,	Simon,	E.	S.,	&	Giladi,	N.	 (2005).	
Walking	 is	more	 like	 catching	 than	 tapping:	 Gait	 in	 the	 elderly	 as	 a	
complex cognitive task. Experimental Brain Research,	164(4),	541–548.	
https://doi.org/10.1007/s00221-005-2280-3

Helmich,	 R.	 C.,	 Hallett,	 M.,	 Deuschl,	 G.,	 Toni,	 I.,	 &	 Bloem,	 B.	 R.	 (2012).	
Cerebral causes and consequences of parkinsonian resting tremor: 
A	 tale	 of	 two	 circuits?	 Brain,	 135(Pt	 11),	 3206–3226.	 https://doi.
org/10.1093/brain/aws023

Huang,	 C.,	 Mattis,	 P.,	 Tang,	 C.,	 Perrine,	 K.,	 Carbon,	 M.,	 &	 Eidelberg,	 D.	
(2007).	 Metabolic	 brain	 networks	 associated	 with	 cognitive	 func-
tion in Parkinson’s disease. NeuroImage,	34(2),	 714–723.	 https://doi.
org/10.1016/j.neuroimage.2006.09.003

Hughes,	A.	J.,	Daniel,	S.	E.,	Kilford,	L.,	&	Lees,	A.	J.	(1992).	Accuracy	of	clin-
ical	diagnosis	of	 idiopathic	Parkinson’s	disease:	A	clinico-	pathological	
study of 100 cases. Journal of Neurology, Neurosurgery and Psychiatry,	
55(3),	181–184.

Katzman,	 R.,	 Zhang,	 M.	 Y.,	 Ouang	 Ya,	 Q.,	 Wang,	 Z.	 Y.,	 Liu,	 W.	 T.,	 Yu,	
E.,	 &	 Grant,	 I.	 (1988).	 A	 Chinese	 version	 of	 the	 Mini-	Mental	 State	
Examination;	impact	of	illiteracy	in	a	Shanghai	dementia	survey.	Journal 
of Clinical Epidemiology,	41(10),	971–978.

Kehagia,	A.	A.,	Barker,	R.	A.,	&	Robbins,	T.	W.	(2010).	Neuropsychological	
and clinical heterogeneity of cognitive impairment and 

https://doi.org/10.1212/01.wnl.0000338632.00552.cb
https://doi.org/10.1212/01.wnl.0000338632.00552.cb
https://doi.org/10.1016/j.parkreldis.2008.03.010
https://doi.org/10.1016/j.parkreldis.2008.03.010
https://doi.org/10.1002/mds.20897
https://doi.org/10.1002/mds.20897
https://doi.org/10.1002/mds.25674
https://doi.org/10.1002/mds.21850
https://doi.org/10.1002/mds.21850
https://doi.org/10.1016/j.neurobiolaging.2004.07.014
https://doi.org/10.1016/j.neurobiolaging.2004.07.014
https://doi.org/10.1136/jnnp.2005.081711
https://doi.org/10.1007/s100720200003
https://doi.org/10.1007/s100720200003
https://doi.org/10.1016/s1474-4422(06)70373-8
https://doi.org/10.1016/j.neubiorev.2005.03.024
https://doi.org/10.1016/j.neubiorev.2005.03.024
https://doi.org/10.1002/mds.23814
https://doi.org/10.1007/s00415-013-6971-6
https://doi.org/10.1111/j.1468-1331.2009.02707.x
https://doi.org/10.1111/j.1468-1331.2009.02707.x
https://doi.org/10.1093/brain/awv104
https://doi.org/10.1097/WAD.0b013e3181999e92
https://doi.org/10.1007/s00221-005-2280-3
https://doi.org/10.1093/brain/aws023
https://doi.org/10.1093/brain/aws023
https://doi.org/10.1016/j.neuroimage.2006.09.003
https://doi.org/10.1016/j.neuroimage.2006.09.003


     |  7 of 7WANG et Al.

dementia in patients with Parkinson’s disease. The Lancet Neurology,	9(12),	 
1200–1213.	https://doi.org/10.1016/S1474-4422(10)70212-X

Lewis,	S.	J.,	Foltynie,	T.,	Blackwell,	A.	D.,	Robbins,	T.	W.,	Owen,	A.	M.,	&	
Barker,	R.	A.	(2005).	Heterogeneity	of	Parkinson’s	disease	in	the	early	
clinical stages using a data driven approach. Journal of Neurology, 
Neurosurgery and Psychiatry,	76(3),	343–348.	https://doi.org/10.1136/
jnnp.2003.033530

Lucas,	J.	A.,	 Ivnik,	R.	J.,	Smith,	G.	E.,	Ferman,	T.	J.,	Willis,	F.	B.,	Petersen,	
R.	C.,	&	Graff-Radford,	N.	R.	 (2005).	Mayo’s	Older	African	Americans	
normative	studies:	Norms	for	boston	naming	test,	controlled	oral	word	
association,	 category	 fluency,	 animal	 naming,	 token	 test,	 WRAT-	3	
reading,	 trail	 making	 test,	 stroop	 test,	 and	 judgment	 of	 line	 orien-
tation. The Clinical Neuropsychologist,	 19(2),	 243–269.	 https://doi.
org/10.1080/13854040590945337

Owen,	A.	M.,	James,	M.,	Leigh,	P.	N.,	Summers,	B.	A.,	Marsden,	C.	D.,	Quinn,	
N.	P.,	&	Robbins,	T.	W.	(1992).	Fronto-	striatal	cognitive	deficits	at	dif-
ferent stages of Parkinson’s disease. Brain,	115(Pt	6),	1727–1751.

Petersen,	S.	E.,	&	Posner,	M.	I.	(2012).	The	attention	system	of	the	human	
brain: 20 years after. Annual Review of Neuroscience,	35,	73–89.	https://
doi.org/10.1146/annurev-neuro-062111-150525

Poletti,	M.,	Frosini,	D.,	Pagni,	C.,	Baldacci,	F.,	Nicoletti,	V.,	Tognoni,	G.,	&	
Bonuccelli,	U.	(2012).	Mild	cognitive	impairment	and	cognitive-	motor	
relationships in newly diagnosed drug- naive patients with Parkinson’s 
disease. Journal of Neurology, Neurosurgery and Psychiatry,	 83(6),	 
601–606.	https://doi.org/10.1136/jnnp-2011-301874

Sheridan,	L.	K.,	Fitzgerald,	H.	E.,	Adams,	K.	M.,	Nigg,	J.	T.,	Martel,	M.	M.,	
Puttler,	 L.	 I.,	&	Zucker,	R.	A.	 (2006).	Normative	 symbol	 digit	modali-
ties test performance in a community- based sample. Archives of 
Clinical Neuropsychology,	 21(1),	 23–28.	 https://doi.org/10.1016/j.
acn.2005.07.003

Steinberg,	B.	A.,	Bieliauskas,	L.	A.,	Smith,	G.	E.,	&	Ivnik,	R.	J.	(2005).	Mayo’s	
Older	Americans	Normative	Studies:	Age-		and	IQ-	Adjusted	Norms	for	
the	Trail-	Making	Test,	the	Stroop	Test,	and	MAE	Controlled	Oral	Word	
Association	 Test.	 The Clinical Neuropsychologist,	 19(3–4),	 329–377.	
https://doi.org/10.1080/13854040590945210

Tang,	Y.,	Ge,	J.,	Liu,	F.,	Wu,	P.,	Guo,	S.,	Liu,	Z.,	&	Wang,	J.	(2016).	Cerebral	
Metabolic	 Differences	 Associated	 with	 Cognitive	 Impairment	
in Parkinson’s Disease. PLoS ONE,	 11(4),	 e0152716.	 https://doi.
org/10.1371/journal.pone.0152716

Uc,	E.	Y.,	Rizzo,	M.,	Anderson,	S.	W.,	Qian,	S.,	Rodnitzky,	R.	L.,	&	Dawson,	
J.	 D.	 (2005).	 Visual	 dysfunction	 in	 Parkinson	 disease	 without	 de-
mentia. Neurology,	 65(12),	 1907–1913.	 https://doi.org/10.1212/01.
wnl.0000191565.11065.11

Vercruysse,	 S.,	 Devos,	 H.,	 Munks,	 L.,	 Spildooren,	 J.,	 Vandenbossche,	 J.,	
Vandenberghe,	W.,	&	Heremans,	E.	(2012).	Explaining	freezing	of	gait	
in	Parkinson’s	disease:	Motor	 and	cognitive	determinants.	Movement 
Disorders,	27(13),	1644–1651.	https://doi.org/10.1002/mds.25183

Wang,	P.,	Shi,	L.,	Zhao,	Q.,	Hong,	Z.,	&	Guo,	Q.	(2014).	Longitudinal	changes	
in clock drawing test (CDT) performance before and after cognitive 
decline. PLoS ONE,	 9(5),	 e97873.	 https://doi.org/10.1371/journal.
pone.0097873

Watson,	 G.	 S.,	 &	 Leverenz,	 J.	 B.	 (2010).	 Profile	 of	 cognitive	 impairment	
in Parkinson’s disease. Brain Pathology,	 20(3),	 640–645.	 https://doi.
org/10.1111/j.1750-3639.2010.00373.x

Williams,	 L.	N.,	 Seignourel,	 P.,	 Crucian,	G.	 P.,	Okun,	M.	 S.,	 Rodriguez,	 R.	
L.,	Skidmore,	F.	M.,	&	Fernandez,	H.	H.	 (2007).	Laterality,	region,	and	
type of motor dysfunction correlate with cognitive impairment in 
Parkinson’s disease. Movement Disorders,	22(1),	141–145.	https://doi.
org/10.1002/mds.21220

Williams-Gray,	C.	H.,	Foltynie,	T.,	Brayne,	C.	E.,	Robbins,	T.	W.,	&	Barker,	R.	
A.	(2007).	Evolution	of	cognitive	dysfunction	in	an	incident	Parkinson’s	
disease cohort. Brain,	130(Pt	7),	1787–1798.	https://doi.org/10.1093/
brain/awm111

Yesavage,	J.	A.,	Brink,	T.	L.,	Rose,	T.	L.,	Lum,	O.,	Huang,	V.,	Adey,	M.,	&	Leirer,	
V.	 O.	 (1982).	 Development	 and	 validation	 of	 a	 geriatric	 depression	
screening	 scale:	A	 preliminary	 report.	 Journal of Psychiatric Research,	
17(1),	37–49.

Yogev,	 G.,	 Giladi,	 N.,	 Peretz,	 C.,	 Springer,	 S.,	 Simon,	 E.	 S.,	 &	 Hausdorff,	
J.	 M.	 (2005).	 Dual	 tasking,	 gait	 rhythmicity,	 and	 Parkinson’s	
disease:	 Which	 aspects	 of	 gait	 are	 attention	 demanding?	
European Journal of Neuroscience,	 22(5),	 1248–1256.	 https://doi.
org/10.1111/j.1460-9568.2005.04298.x

Yogev-Seligmann,	 G.,	 Hausdorff,	 J.	 M.,	 &	 Giladi,	 N.	 (2008).	 The	 role	 of	
 executive function and attention in gait. Movement Disorders,	 23(3),	
329–342;	quiz	472.	https://doi.org/10.1002/mds.21720

Zhao,	Q.,	Guo,	Q.,	Li,	F.,	Zhou,	Y.,	Wang,	B.,	&	Hong,	Z.	(2013).	The	Shape	
Trail	Test:	Application	of	a	new	variant	of	 the	Trail	making	 test.	PLoS 
ONE,	8(2),	e57333.	https://doi.org/10.1371/journal.pone.0057333

How to cite this article:	Wang	Y-X,	Zhao	J,	Li	D-K,	et	al.	
Associations	between	cognitive	impairment	and	motor	
dysfunction in Parkinson’s disease. Brain Behav. 
2017;7:e00719. https://doi.org/10.1002/brb3.719

https://doi.org/10.1016/S1474-4422(10)70212-X
https://doi.org/10.1136/jnnp.2003.033530
https://doi.org/10.1136/jnnp.2003.033530
https://doi.org/10.1080/13854040590945337
https://doi.org/10.1080/13854040590945337
https://doi.org/10.1146/annurev-neuro-062111-150525
https://doi.org/10.1146/annurev-neuro-062111-150525
https://doi.org/10.1136/jnnp-2011-301874
https://doi.org/10.1016/j.acn.2005.07.003
https://doi.org/10.1016/j.acn.2005.07.003
https://doi.org/10.1080/13854040590945210
https://doi.org/10.1371/journal.pone.0152716
https://doi.org/10.1371/journal.pone.0152716
https://doi.org/10.1212/01.wnl.0000191565.11065.11
https://doi.org/10.1212/01.wnl.0000191565.11065.11
https://doi.org/10.1002/mds.25183
https://doi.org/10.1371/journal.pone.0097873
https://doi.org/10.1371/journal.pone.0097873
https://doi.org/10.1111/j.1750-3639.2010.00373.x
https://doi.org/10.1111/j.1750-3639.2010.00373.x
https://doi.org/10.1002/mds.21220
https://doi.org/10.1002/mds.21220
https://doi.org/10.1093/brain/awm111
https://doi.org/10.1093/brain/awm111
https://doi.org/10.1111/j.1460-9568.2005.04298.x
https://doi.org/10.1111/j.1460-9568.2005.04298.x
https://doi.org/10.1002/mds.21720
https://doi.org/10.1371/journal.pone.0057333
https://doi.org/10.1002/brb3.719

