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Introduction
Huntington’s disease (HD) is a neurodegenerative disorder with an autosomal dominant mode of 

inheritance, characterised by choreatic movements and disturbed voluntary movements, changes 

in mood and behaviour and cognitive decline.1 These symptoms differ in time of onset and severity. 

Although the clinical diagnosis of HD is still based on the first motor symptoms, a positive family 

history, and confirmation by DNA-testing, changes in cognition and personality can precede motor 

changes.2-4 Since the availability of predictive testing,5 it is currently possible to investigate more 

closely how the disease develops, and consequently progresses, in premanifest carriers (i.e. without 

overt clinical signs) of the HD gene mutation (further labelled as carriers). However, the sequence 

of appearance of the first signs and the factors that influence the onset and the progression of the 

disease are still unclear.6  Although CAG repeat length is associated with earlier disease onset,7,8 few 

studies have reported an association between CAG repeat length and the progression of motor and 

cognitive deficits.9,10 Inconsistent findings are reported about the associations between the disease 

duration and clinical and functional aspects of HD.1 However, activities of daily living as measured 

by the Total Functional Capacity scale (TFC)11,12 were reported to be associated with cognitive 

functioning,13-15 motor functioning,14,16,17 and behavioural functioning.18 TFC was more influenced by 

voluntary movement than by chorea, suggesting that disorders in voluntary movements may be 

better indicators of functional disability and the evaluation of the stage and progression of HD.19 

A linear relation between motor and cognitive functioning has been reported in patients,11,17,20 

although not consistently.21 Some authors found that the cognitive disorder parallels the 

bradykinesia rather than the hyperkinesia.22-24 With respect to psychiatric symptoms no associations 

with motor or cognitive functioning have been found, suggesting that these seem to occur more 

independently.20,25

Because of inconsistencies reported in carriers with regard to the occurrence of subtle changes 

(overview in Witjes-Ané et al26), research into the relations between HD characteristics in this group 

might enhance our insight into the development of HD. To our knowledge no study to date has 

attempted to specifically examine these relations in this particular group. In a previous study we 

found marginal changes in carriers on specific memory and psychomotor tasks.26 Because of the 

known heterogeneity in cohorts with premanifest carriers, the aim was to investigate whether any 

relations found between motor, cognitive and behavioural aspects in the premanifest group matched 

those found in patients. Furthermore, we had a special interest in the extent to which motor and 

cognitive functioning contribute to performances in psychomotor tasks in the two groups. 

Methods
Participants

Thirty-four patients with clinically diagnosed HD, 46 carriers without diagnosis and 88 non-carriers 

were included. The patients were followed in the European longitudinal study Core Assessment 

Protocol for Intracerebral Transplantation in Huntington’s Disease (CAPIT-HD).27 They were clinically 

diagnosed by a neurologist at the Department of Neurology, Leiden University Medical Center 

(LUMC) and referred by him for neuropsychological evaluation. The diagnosis was based on the 

Abstract
Objective: We studied the relations between motor impairment, cognitive deficits and mood and 

behavioural changes in 34 Huntington’s Disease (HD) patients, 46 premanifest carriers and 88  

non-carriers. Our main aim was to investigate whether relations found in patients were already 

present in premanifest carriers. 

Methods: All participants were assessed using the Unified Huntington’s Disease Rating Scale 

(UHDRS) and a neuropsychological battery that addressed global cognitive function, memory 

function and executive function, specifically psychomotor speed and cognitive flexibility. 

Results: In patients, voluntary movement disturbances, global cognitive impairment and  

psychomotor decline were associated with functional decline. In carriers more behavioural 

complaints correlated with functional decline. Disease duration was only related to chorea.  

‘Pure’ cognitive performance and motor functioning were not directly related, but were equally 

correlated with psychomotor speed in patients and in carriers. A dichotomy seemed, however, to 

occur: timed automatic tasks (like the Trailmaking Test part A) were more strongly related to motor 

deficits in patients while timed cognitive demanding tasks (like the Trailmaking Test part B) seemed 

to be more vulnerable to specific motor slowing in carriers.

Conclusions: The results corroborate other findings in that deficits in psychomotor speed are a key 

feature in (early) HD. A parallel evolution and progression of specific motor disturbances occur with 

specific cognitive deficits, whereas behavioural changes seem to be more variable. 
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Statistics 
Behaviour and mood complaints were reflected by the Total Behavioural Score (TBS) obtained by 

adding the products of the frequency and severity for each item from the behavioural assessment 

of the UHDRS (mood/sadness, low self-esteem or guilt, anxiety, suicidal thoughts, disruptive or 

aggressive behaviour, irritable behaviour, obsessions, compulsions, delusions, and hallucinations).29

Analysis of motor functioning was restricted to the Total Motor Score (TMS) and to the subscales 

eye movement, voluntary movement and chorea, based on the literature and on clinical grounds.1,23,30 

Statistical analysis was carried out using  SPSS 16.0 for Windows package for computerised statistical 

analysis. Group characteristics and clinical differences were evaluated using χ2 -tests for categorical 

data, Kruskal-Wallis tests for ordinal data, and analysis of variance (ANOVA’s) for numerical data. 

Post hoc comparisons were made with Bonferroni tests. Pearson correlation analyses were used to 

investigate relationships between the several clinical aspects in each group. TFC, disease duration, 

onset age and CAG-repeat length were also included in the investigation of patients.

The level of significance was set at p< .001. A more liberal p-level (less than .01) is also reported  

and considered to be marginally significant.

Results
Sociodemographic characteristics, the CAG repeat number and the functional status of the three 

groups are presented in table 1. A marginal difference in age was found between the groups.  

Post-hoc comparisons (Bonferroni) revealed that carriers were younger than patients (p= .004).  

The CAG-repeat length was higher in patients than in carriers (p= .004). Patients had a significantly 

lower score on the TFC compared to carriers and non-carriers. The mean age at onset in patients was 

42 years (range: 20-63). The mean disease duration in patients was 4.7 years (range: 0.6-14).

Table 1. Characteristics and DNA-test results of 168 participants

Descriptives
HD Patients  
(n=34)

Carriers  
(n=46)

Non-carriers  
(n=88)

P

Gender M/F 18/16 16/30 40/48 .251

Age at NPA, years (±SD) 47.0 (±10.2) 38.4 (±10.8) 41.7 (±11.4) .0052

Education, .083

	 Less than High school 9 (27%) 4 (9%) 6 (7%)

	 High school 18 (53%) 29 (63%) 56 (64%)

	 More than high school/ University 7 (21%) 13 (28%) 26 (30%)

Number of CAG-repeats, median (range) 46 (42-65) 43 (39-51) 19 (14-34) .0002

TFC* 9.2 (±2.7) 12.8 (±0.6) 12.9 (±0.4) .0002

1Chi-square test between all groups; 2Anova; 3 Kruskal-Wallis test. *Lower scores correspond with worse functional capacity. HD: Huntington’s 
Disease; NPA: neuropsychological assessment; TFC: Total Functional Capacity.

presence of motor signs, along with a positive family history, and was confirmed by DNA-testing 

in 28 patients. The age at onset of the disease was defined as the age when the first motor signs 

appeared.

Carriers and non-carriers described in this study participated in a longitudinal single-blind study 

to investigate the first clinical manifestations of HD. They had undergone predictive testing at the 

Department of Clinical Genetics. A repeat length ≥36 was considered confirmatory for carrying the 

HD gene. More details about participant recruitment and baseline protocol are described in the 

article by Witjes-Ané et al.26 The protocols were approved by the Medical Ethics Committee from the 

LUMC and all participants gave their informed consent prior to their inclusion in the study. 

Measures

UHDRS

All participants were assessed using the Unified Huntington's Disease Rating Scale (UHDRS)11 which 

assesses four domains of functioning: motor performance, cognitive performance, behavioural 

abnormalities, and functional capacity. The motor assessment was performed blindly by a 

neurologist in case of carriers and non-carriers. Complaints about mood and behavioural changes 

were assessed using the behavioural part of the UHDRS by a psychologist. Functional status was 

rated according to the Total Functional Capacity score (TFC), which ranges from 0 (severely impaired) 

to 13 (normal) and assesses a person’s capacity in relevant functional domains. 

Neuropsychological Assessment

Patients were evaluated using the CAPIT-HD Neuropsychological Assessment Battery27 which 

consisted of tests covering general intelligence, verbal memory, attention, and executive/ 

psychomotor function. The tests were selected to give a reasonably broad evaluation of cognitive 

functioning and to avoid floor and ceiling effects. Furthermore, they were chosen for their sensitivity 

to disease evolution and progression. Other tests, which were used at our department prior to the 

implementation of the CAPIT-HD protocol, were also applied for clinical and research purposes 

(arithmetic, spelling, visuo-constructive tasks). 

Carriers and non-carriers were evaluated using a broad neuropsychological assessment of tests 

based on the CAPIT-HD protocol covering the same domains.26 For the purpose of the present study 

we selected the tests shared by both protocols. We focused on executive tasks with a psychomotor 

component (further referred to as psychomotor tasks) which revealed decline early on in the disease 

or which were suitable for differentiating between carriers and non-carriers:26,28  Trailmaking tests A 

and B (TMT), Stroop interference and Symbol Digit Modalities test (SDMT). Tasks that reflected more 

‘pure’ global cognitive functioning were limited to WAIS-R Digit span, Mini Mental State Examination 

(MMSE), Wechsler Memory Scale (WMS) Memory Quotient (MQ) and verbal fluency (letters ‘F’ ‘A’ ‘S’). 

The latter task was included in this domain because it proved to be significantly correlated (p= .000) 

with the WAIS-R total IQ (r= .41), verbal IQ (r= .45) and with the WMS MQ (r= .40) in the 88 non-

carriers from this study but not with the above-mentioned psychomotor tasks (unpublished data). 

Word generation tasks are also known as measures of ‘semantic memory’.1 



94 Chapter 7 95Decreased performances on psychomotor tasks in HD premanifest carriers

7

Table 3. Correlations (Pearson’s r) of functional capacity, disease duration and CAG repeat length with 

clinical aspects in 34 Huntington’s Disease patients 

TBS TMS Tot-eye Tot-vol Tot-chor DSP MQ1 MMSE FAS TMT-A TMT-B Stroop SDMT

TFC -.20 -.48* -.42 -.57** -.36 .35 .42 .64** .40 -.37 -.46* .42 .48*

Disease dur. .13 .52* .41 .46 .54* -.20 .01 -.10 -.30 .34 .26 -.14 -.33

CAG -.32 -.07 .02 -.04 -.09 -.18 -.55 -.14 -.05 -.09 .11 -.21 -.04

1Patients: n=16. *Correlation is significant at the .01 level; **correlation is significant at the .001 level TBS: Total Behavioural Score; TMS: Total 
Motor Score; Tot-eye: Total eye movement score; Tot-vol; Total voluntary movement score; Tot-chor; Total chorea score; Dsp: WAIS-R digit span, 
standard score; MQ: WMS Memory Quotient; MMSE: Mini Mental State Examination; FAS: Verbal Fluency; TFC: Total Functional Capacity; Dis-
ease dur.: disease duration; TMT-A: Trail Making Test part A; TMT-B: Trail Making Test part B: Stroop; Stroop Color Word Test, interference; SDMT; 
Symbol Digit Modalities Test.

Correlations among clinical aspects in patients, carriers and non-carriers

Total Behavioural Score with other clinical aspects

More mood and behavioural complaints on the TBS were related to lower TFC in carriers (r= -.59, 

p<.001) and were neither related to cognitive functioning nor to motor functioning in all groups. 

Motor with cognitive functioning

More eye movement abnormalities correlated significantly with lower MMSE score (p= .001)  

and marginally with worse scores on Digit Span (p= .01) and FAS (p= .003) in patients (table 4). 

In the carrier group a marginal correlation was found between voluntary movement abnormalities 

and lower FAS score (p= .008). 

Psychomotor speed with motor functioning

With regard to the psychomotor tasks we observed the most correlations with motor scores 

in patients and carriers (table 4).  In patients, TMT-A and SDMT, rather than TMT-B and Stroop, 

were significantly associated with all motor variables. In carriers TMT-B, Stroop and SDMT were 

significantly correlated with most motor components. Non-carriers also showed a correlation 

pattern in motor functioning with the Stroop and SDMT. More motor abnormalities were related to 

worse scores on psychomotor tasks.

Psychomotor speed with cognitive functioning

Significant correlations between nearly all psychomotor tasks and the ‘purely cognitive based’ tasks, 

MMSE and FAS, were found in patients as well as in carriers (table 5). Furthermore all psychomotor 

tasks were associated with Digit Span in patients and with MQ in carriers. Worse cognitive scores 

were related to worse scores on psychomotor tasks.

Group differences

Table 2 represents the results of the clinical assessment in the three groups. Analysis of variance 

revealed a significant difference in the total behavioural score between the groups (p< .001). Post hoc 

comparisons (Bonferroni) revealed that patients had more behavioural complaints than non-carriers. 

Furthermore, patients performed significantly worse than carriers and non-carriers on all motor 

items (p< .001) and neuropsychological tests (p< .001). The average scores in carriers were almost 

invariably slightly poorer than in non-carriers. This was, however, not significant. 

Table 2. Clinical assessment in Huntingon’s Disease patients, carriers and non-carriers

Clinical assessment HD patients (n=34) Carriers (n=46) Non-carriers (n=88)

Behavioural assessment UHDRS, mean (±SD)1 

	 Total Behavioural Score (TBS) 18.61 (±19.41) 11.09 (±17.83) 5.51 (±9.73)

Motor assessment UHDRS, mean (±SD)1

	 Total Motor  Score (TMS) (0-124)2 31.42 (±21.52) 9.69 (±9.25) 6.50 (±7.22)

	 Total eye movement (0-24) 2 7.45 (±5.46) 2.93 (±3.80) 2.23 (±3.31)

	 Total voluntary movement (0-32) 2 8.77 (±6.50) 3.12 (±2.74) 2.07 (±2.65)

	 Total chorea (0-28) 2 9.23 (±6.89) 1.71 (±3.01) 0.78 (±1.93)

Neuropsychological assessment, mean (±SD)

	 WAIS-R, Digit span 6.06 (±2.55) 8.02 (±2.69) 8.55 (±2.18)

	 WMS, Memory Quotient3 89.88 (±19.45) 112.11 (±16.67) 119.67 (±13.37)

	 MMSE 25.00 (±3.48) 28.13 (±1.47) 28.56 (±1.22)

	 Verbal fluency (FAS) 18.15 (±12.25) 31.28 (±10.49) 32.86 (±10.64)

	 Trail Making Test A, in sec. 1 76.97 (±60.58) 41.80 (±18.16) 32.51 (±10.35)

	 Trail Making Test B, in sec. 1 153.13 (±82.57) 69.41 (±34.21) 54.41 (±18.65)

	 Stroop color word test,  interference 26.03 (±9.46) 40.65 (±11.17) 43.71 (±8.12)

	 Symbol Digit Modalities Test 26.00 (±12.71) 46.56 (±11.98) 51.77 (±9.41)

1Lower scores correspond with better performance; 2Range; 3Patients: n= 16. HD: Huntington’s Disease; UHDRS: Unified Huntington’s Disease 
Rating Scale; WAIS-R: Wechsler Adult Intelligence Scale; WMS: Wechsler Memory Scale; MMSE: Mini Mental State Examination. 

Correlations with TFC, disease duration and CAG repeat length in patients

Higher CAG repeat length only correlated significantly with younger onset age (r= -.74, p< .001). 

Relationships between clinical aspects and TFC, disease duration and CAG repeat length are presented 

in table 3. TFC score correlated marginally with the TMS (p= .008) and significantly with total voluntary 

movements (p= .001). With regard to the cognitive and psychomotor tasks, TFC correlated significantly 

with the MMSE (p< .001) and marginally with TMT-B (p= .01) and SDMT (p= .005). More motor abnormalities 

and worse cognitive performances were associated with lower functional capacity. Longer disease duration 

was related to more motor abnormalities on the TMS (p= .004) and the total chorea score (p= .002).
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activities of daily living (ADL), measured here with the TFC12, correlated with the more hypokinetic 

feature of HD rather than with chorea,24,31 suggesting that this sign would be a more appropriate 

criterion than hyperkinesia for the evolution of disease stages;23,30  impaired TFC was also found to be 

related with cognitive decline (MMSE)18,32 and with psychomotor slowing.13,14,32,33 Functional capacity 

seems to be more reliable than disease duration to monitor the progression of HD, since there is a 

lack of correlation between disease duration and HD signs, except for chorea.

Mood and behaviour. Comparable to most studies, mood and behavioural symptoms were not related 

to either motor or cognitive functioning.11,20,25,34 This lack of correlation confirms that behavioural 

aspects are more independent in progression than cognitive and motor symptoms, also illustrated 

by the finding in our study that patients did not differ significantly from carriers as far as mood and 

behaviour were concerned. Impairment in ADL was not associated with a larger number of mood 

and behavioural symptoms in patients. The carrier group, however, showed a strong relationship 

between the behavioural assessment and functional capacity, suggesting that complaints about 

mood and behaviour seem to influence daily functioning in some carriers, resulting, for example, in a 

reduced capacity for accustomed work. Functional decline was reported to be influenced by apathy/

executive dysfunction in patients, even after controlling for motor and cognitive deficits.35 Amongst 

the behavioural problems occurring in HD, the progression of apathy differs from the progression of 

depression and irritability and is, like the disturbance in voluntary movement, related to cognitive 

deficits.34,36 The ‘lack’ of ‘initiative’ as well as the ‘lack’ of ‘movement’ must not be underestimated 

in research with carriers. Although apathy was not assessed in the present study the marginal 

correlation found between verbal fluency and voluntary movements might indicate an initiative 

problem in some carriers. 

Associations between motor and cognitive  functioning. The correlation patterns in carriers were 

similar to those seen in patients: no direct association was found between motor and ‘pure’ 

cognitive functioning, however these domains correlated equally with psychomotor tasks. Note that 

associations with the SDMT and the Stroop were less specific to HD as they also occurred in non-

carriers.

A relatively parallel decline in motor and cognitive function, rather than a causal one, has been 

suggested.20,23 These characteristics would progress side by side, but not at the same speed. Motor 

impairment has been associated with some WAIS verbal and performance scores, with memory and 

perceptual/attentional aspects.17,20,23 In accordance with our findings, however, it was found to be 

related more strongly to tasks that have high demands on motor speed rather than accuracy.22,24,34 

Psychomotor task performances were related to eye movement disturbances as well as attention 

deficits (Digit Span), only in the patients from the present study. Psychological, functional anatomical 

and neurological research has shown that attentional processes are closely linked to oculomotor 

processes.37 The eye movements component was related to all ‘pure’ cognitive tasks, except for the 

MQ. This was probably due to different statistical power because of the smaller number of patients 

evaluated with the WMS, as the correlation coefficient is similar to the others. Impairment of specific 

Table 4. Correlations (Pearson’s r) between behavioural, motor and cognitive functioning in 34 

Huntington’s Disease patients, 46 carriers and 88 non-carriers

TBS TMS Tot-eye Tot-vol Tot-chor

P C N P C N P C N P C N P C N

Dsp -.03 .02 .02 -.39 -.31 -.10 -.46* -.32 -.09 -.34 -.32 -.11 -.36 -.16 .03

MQ1 -.08 -.05 -.03 -.42 -.22 .05 -.50 -.20 .12 -.44 -.22 .03 -.32 -.11 -.01

MMSE -.08 .05 .14 -.44 -.34 -.16 -.58** -.37 -.13 -.37 -.16 -.26 -.33 -.27 -.07

FAS .00 -.06 -.18 -.47* -.36 -.10 -.52* -.21 -.09 -.39 -.41* -.01 -.45 -.26 -.18

TMT-A -.07 -.10 -.08 .66** .43* .17 .62** .36 .17 .55* .35 .14 .68** .30 .11

TMT-B .02 -.02 -.13 .54* .55** .25 .51* .44* .19 .42 .48** .26 .55* .38 .08

Stroop .20 -.14 .10 -.47* -.64** -.31* -.48* -.60** -.33* -.40 -.52** -.33* -.45 -.45** -.05

SDMT .05 -.14 .04   -.71** -.49** -.42** -.76** -.41* -.40** -.60** -.47* -.41** -.63** -.32 -.21

1 Patients: n=16. *Correlation is significant at the .01 level; **correlation is significant at the .001 level; P: patients; C: carriers; N: non-carriers; 
Dsp: WAIS-R digit span, standard score; MQ: WMS Memory Quotient; MMSE: Mini Mental State Examination; FAS: Verbal Fluency; TMT-A: Trail 
Making Test part A; TMT-B: Trail Making Test part B: Stroop: Stroop Color Word Test, interference; SDMT: Symbol Digit Modalities Test; TBS: Total 
Behavioural Score; TMS: Total Motor Score; Tot-eye: Total eye movement score; Tot-vol: Total voluntary movement score; Tot-chor: Total chorea 
score. 

Table 5.  Correlations (Pearson’s r) between psychomotor tests and ‘cognitive’ based tests in 34 

Huntington’s Disease patients, 46 carriers and 88 non-carriers

DSP MQ 1 MMSE FAS

P C N P C N P C N P C N

TMT-A -.48* -.19 -.13 -.41 -.52** .12 -.53* -.46** -.02 -.52* -.54** -.12

TMT-B -.66** -.33 -.34** -.51 -.55** -.07 -.77** -.54** -.01 -.69** -.57** -.04

Stroop .51* .57** .19 .31 .40* .17 .54** .39* .05 .53** .47** .20

SDMT .72** .32 .33* .57 .50** .15 .72** .30 .12 .75** .65** .21

1 Patients: n=16. *Correlation is significant at the .01 level; **correlation is significant at the .001 level; P: patients; C: carriers; N: non-carriers; TMT-
A: Trail Making Test part A; TMT-B: Trail Making Test part B: Stroop: Stroop Color Word Test, interference; SDMT: Symbol Digit Modalities Test; 
Dsp: WAIS-R digit span, standard score; MQ: WMS Memory Quotient; MMSE: Mini Mental State Examination; FAS: Verbal Fluency.

Discussion
The purpose of the present study was to investigate whether the patterns of relations between 

motor, cognitive and behavioural changes found in HD patients were already present in carriers. 

Clinical aspects in patients. The findings of the present study largely corroborate other reports about 

HD patients, showing worse performances compared to carriers and non-carriers;1 impairment in 
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motor functions (i.e. eye movement disturbances) might change linearly with the global cognitive 

deficits. In previous studies voluntary movement disturbances, rather than severity of chorea was 

found to be related with cognitive deficits.17,22-24 Tasks examining voluntary movement disturbances 

require programming and execution of sequential motor acts.17 Impairment in sequencing operations 

is common in HD patients22,38 and also present in premanifest carriers.39-41 The present findings 

showed that stronger relations occurred in patients between motor functioning and performance 

on the TMT part A rather than on part B. Inversely, TMT part B was related more strongly to global 

cognitive functioning than part A. This suggests a stronger influence of motor decline in automatic 

tasks in patients. In carriers, however, the TMT-A would be influenced by cognitive impairment rather 

than by motor deficits (probably due to a subset of carriers who showed cognitive impairment26), 

while eye and voluntary movements disturbances would begin to play a role in TMT-B performance, 

i.e. when the task becomes more cognitive demanding. These motor characteristics were reported 

to be early signs of HD.1,30 Timed cognitively demanding tests would be more vulnerable to motor 

slowing in carriers than timed automatic tests. 

Concluding remarks. The present study showed that correlation patterns found in HD carriers were 

more pronounced than in non-carriers. More interestingly, they resembled those seen in patients 

with regard to the equal contribution of cognitive and motor aspects to psychomotor speed. These 

findings extend the results of our previous research26 and are in accordance with other studies which 

reported that psychomotor slowing is a key characteristic in (early) HD.2,41,42 A subset of carriers 

would already show some cognitive or motor deficits, or both, reflected in the correlation patterns 

found with regard to psychomotor tasks. 

The relevance of including distinct components (instead of global cognitive, motor or behavioural 

scores) when examining the evolution and progression of HD characteristics is clear from the 

present findings. Although the patterns were similar in carriers and patients, some differences 

occurred especially in the interpretation of timed automatic based tasks and timed cognitively 

demanding tasks. Furthermore concomitant progression of motor and ‘pure’ cognitive functioning 

in patients was seen for eye movement disturbances, rather than voluntary movements and chorea, 

suggesting a non-linear progression in distinct motor aspects. Also, when reporting about cognitive 

deficits in relation to motor impairment, psychomotor slowing has to be differentiated from other 

cognitive aspects like intelligence, memory or ‘executive’ deficits. The present study did not take 

into account the various stages in the patient group because the number of patients was too small. 

More specific relations would probably be found, as progression in motor and cognitive deficits may 

differ at each stage.13,32 Additional longitudinal research is needed to extend these cross-sectional 

findings in carriers, also including quantitative motor assessment being a valuable measure of motor 

impairment.  
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