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Chapter 3
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Abstract

Background: In Huntington’s disease (HD) cognitive decline can occur before 

the course of the disease and has a progressive nature over time, cognition can be 

cognitive decline over time is unknown.
Objective: The aim of this study is to quantify the progression of cognitive decline 

across all HD stages, from pre-motormanifest to advanced HD, and to investigate if 

Methods: In the European REGISTRY study 2,669 HD expansion gene carriers 
underwent annual cognitive assessment. General linear mixed models were used 
to model the cognitive decline for each cognitive task across all disease stages. 

length and age rather than disease stage. 
Results: 

throughout pre-motormanifest (close to estimated disease onset) participants and the 
subsequent motormanifest participants from stage 1 to stage 4. Performance on the 

pre-motormanifest groups: far and close to estimated disease onset. 

Conclusion: Cognitive performance already shows decline in pre-motormanifest 
HD gene expansion carriers and gradually worsens to late stage HD. HD gene 
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Introduction

Huntington’s disease (HD) is an autosomal dominant inherited, progressive 

gene on chromosome 41 and is characterized by motor and psychiatric symptoms, 
and cognitive decline. Typically, a formal clinical diagnosis of HD is based on the 
appearance of unequivocal motor signs2. The importance of psychiatric symptoms 
and cognitive decline has become more recognized and new guidelines have been 
proposed, which include these signs for clinical diagnosis3. Still, these signs are 

and should be taken into consideration for a clinical diagnosis3. 
In the last decade, there has been a growing interest in the cognitive decline and many 

studies have focused on this aspect in HD. Nevertheless, there have been relatively 
few longitudinal studies to date to track the progression of cognitive functioning, 

4-9 which can be attributed to the 

tasks administered, length of follow-up, sample size and characteristics of participant 

sensitive to particular stages of HD to track disease progression: simple psychomotor 
tasks have been shown to be particularly sensitive in the 5-10 years preceding motor 
symptoms onset10-13 whereas performance on tasks of memory and executive function 
appear to decline particularly around the time of clinical disease onset10, 11, 14, 15. It has 
also been demonstrated that simple psychomotor tasks are more sensitive to use in 
longitudinal studies than more complex tasks of executive function in pre-motor 
manifest and early HD4, 16, 17. Thus far studies of cognition in HD over time have been 
limited to the study of pre-motormanifest and/or early HD. To our knowledge no 
studies have longitudinally examined cognition across all separate disease stages 
with a large sample size, which is essential to fully understand the natural course of 

particularly useful for future clinical trials targeting cognition, in order to evaluate the 

18

brain atrophy15, 19 18, it is of 
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raise more awareness that certain individuals have a higher risk at developing early 

In 2004 the European Huntington’s Disease Network (EHDN) launched the 
observational REGISTRY study20, in which HD expansion gene carriers undergo 
annual assessment of motor function, cognition, behavior, and day-to-day functioning. 

opportunity to explore cognitive change across all HD stages. The aim of this study is 
to evaluate the progression of cognitive decline in HD throughout the disease stages, 

cognitive decline. The second aim is to assess whether the individual cognitive tasks 

Methods
Data was acquired from the European, multicenter, longitudinal, observational 

ethical approval before conducting the study and all participants gave written informed 
consent. Study assessments were administered by trained professionals and all data 

20.

Participants

38 and 50 (both inclusive) and visits of participants with age between 25 and 80 (both 
inclusive) at time of assessment were included in the analysis. Resulting in a total of 
2,669 participants for analysis with a mean of 3.7 annual visits, ranging from one to 
12 visits per participants (table 1).

indicating no substantial motor signs. This pre-motormanifest group was further 
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and colleagues21-24

25, using the total function capacity scale of the UHDRS.  

Assessments

of ±three months. The time window was not strictly enforced and it was possible 
to assess participants outside their time window or even miss annual visits without 
exclusion of the study. 

The REGISTRY cognitive battery consisted of the UHDRS’ cognitive tasks: Phonemic 

Stroop-Color-Word-Interference task: word reading, color naming and interference 
condition (total number correct within 45 seconds for each condition), and Symbol 
Digit Modalities task (total number correct in 90 seconds)26. In 2010, the Categorical 

27. 
On each task a higher numerical score indicates higher cognitive performance. These 
raw cognitive scores at each visit were used for the statistical analysis. 

Depression was assessed by means of the behavior assessment of the UHDRS26 or 
28.

Medication use was also recorded as part of the REGISTRY study; medications 

categories: benzodiazepine, antidepressant, antipsychotic, atypical antipsychotic, 
anticonvulsant, opioids, antiparkinsonian and others. 

 

Statistical analysis

an unequal number of visits and missing values29. Two models were designed to 
understand the progressive nature of cognitive decline in HD. 

disease stage was analyzed, adjusting for depressive mood, sex, years of education, 
medication use, study site and third order polynomial function of age. The results 

in rate of cognitive decline by disease stage. Per task it was analyzed if there was a 

important to note, as participants came in for testing over several years, it was 
common that participants progressed from one disease stage to the next. In order to 
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compare cognitive performance between disease stages participants were allowed to 
transfer into the next category of disease stage on a subsequent visit dates to maintain 
homogenous groups. 

The second model assessed change over time in performance on the cognitive tasks 

for depression, sex, years of education, medication use, and study site. Per task it 

lengths of 38 and 40 was compared for ages 30, 45, and 60.  

 Results

Cognitive task performance based on disease stage

declined most rapidly. More precisely, performance on the Stroop Word Test decreased 

 
 PreA PreB Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 
Gender (m/f) baseline visita 118 / 219 108 / 143* 423 / 365* 357 / 386 234 / 239 25 / 46 1 / 5 

Gender (m/f) last visita 78/162 69/115* 250/238* 352/316 384/399 120/150 13/23 

Number of visitsb 3.8 (1-8) 4.2 (1-12) 3.8 (1-10) 3.6 (1-9) 3.1 (1-9) 2.6 (1-7) 2.0 (1-2) 

Age (years)c 36 (9)* 42 (10)* 48 (11)* 52 (11)* 54 (11)* 55 (10) 58 (11) 

Education (years)c 13 (4) 13 (4)* 12 (4)* 11 (4)* 11 (3)* 10 (4) 11 (4) 

CAG lengthc 41 (2.0)* 44 (2.6)* 44 (2.8) 44 (2.8) 44 (2.6) 44 (2.7) 43 (3.7) 

PreA: pre-motormanifest A; PreB: pre-motormanifest B 
atotal number; significant difference between the groups marked with * 
bParticipants were grouped based on baseline characteristics; mean (range) 
cmean (standard deviation); significant difference between the groups marked with * 

Table 1: Group characteristics
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In contrast to the results of the Stroop Word Test, no pronounced and rapid decline 

The results of the other administered tasks were somewhere in between the results 

Test (table 2) but the slope for decline was less steep for the Stroop Color Test than for 

Interference Test and the Symbol Digit Modalities Test was found between all disease 

decline was less pronounced than for the Stroop Interference and the Symbol Digit 
Modalities test. 

 N PreA – PreB PreB – Stg1 Stg1 – Stg2 Stg2 – Stg3 Stg3 – Stg4 Stg4 – Stg5 
Phonemic verbal fluencya 2548 1.66 (0.55) 4.03 (0.40)* 3.16 (0.26)* 3.56 (0.25)* 2.46 (0.42)* 0.39 (1.40) 

Stroop Colora 2554 5.08 (0.70)* 4.56 (0.51)* 6.40 (0.33)* 6.56 (0.32)* 5.20 (0.53)* 5.25 (1.62)  

Stroop Worda 2526 5.35 (0.97)* 7.00 (0.71)* 8.34 (0.45)* 9.60 (0.42)* 8.41 (0.71)* 7.49 (2.21)  

Stroop Interferencea 2540 3.50 (0.52)* 3.81 (0.39)* 4.10 (0.25)* 3.90 (0.24)* 3.78 (0.42)* 1.57 (1.37) 

Symbol Digit Modalities Testa 2521 3.49 (0.49)* 4.59 (0.36)* 4.02 (0.23)* 4.29 (0.22)* 2.76 (0.40)* 1.71 (1.53) 

Categorical Fluencya 1410 2.18 (0.51)* 3.50 (0.42)* 2.27 (0.27)* 2.42 (0.25)* 2.02 (0.42)* 0.69 (1.44) 

PreA: pre-motormanifst A; PreB: pre-motormanifest B; Stg1: disease stage 1; Stg2: disease stage 2; Stg3: disease stage 3; Stg4: disease stage 4;  
Stg5: disease stage 5 
 a Estimate (SE); * sig < 0.008. 

per cognitive task
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Cognitive task performance based on CAG length and age

described model in the methods section, and these results were used to compare 

between the cognitive performance is the same as well. 

Table 3: Comparing CAG length 42 with 44 on cognitive task performance based on 
longitudinal model
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together than for the Stroop Word Test. The results for all cognitive tasks are presented 

Discussion

This current study evaluates the progression of cognitive decline in HD, from 
pre-motormanifest to late stage. Performance on the REGISTRY cognitive battery 

the disease process and even proceeds overt motor signs8, 10-12

of the cognitive tasks, taking into consideration the clinical relevance of decline, we 
demonstrated that the Stroop Word and Stroop Color Test are the most sensitive of 

Test are sensitive in pre-motormanifest8 and early HD30. We have now demonstrated 
that this remains so over the disease course and that these tasks remain sensitive in 
later stages of HD. These results are in line with suggestions of previous studies that 
simple psychomotor tasks are the most appropriate to use in longitudinal research in 
HD4,16,17. This information is particularly useful for clinical trials as cognition is seen 
as a key target for symptomatic treatment. 

It has been argued that because the Stroop Word test and Stroop Color test have 
high linguistic demands they should not be included in test batteries for HD as clinical 
trials rely heavily on multicenter research across several countries31. Nevertheless, the 

with correcting for study site we conclude that these tasks are sensitive in tracking 

we would strongly recommend to include the Stroop Word and Stroop Color test in 

disease stage 5; i.e. none of the tasks discriminated between these two stages. This 

suitable cognitive task for late stage HD. It is a challenge to administer cognitive tasks 
in this patient group because many patients are not able to write or speak anymore.
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inter rater reliability of this scale is unknown, which could be challenging for multi-

earlier disease onset and faster disease progression32. Therefore, we plotted cognitive 

objective and therefore more suitable variables than disease stage to investigate the 
natural course of cognitive decline in HD. This approach revealed that participants 

8 in the pre-

disease progression32, including cognitive decline. More precisely, the relationship 

of psychomotor function, i.e. Stroop Color and Stroop Word Test, rather than tasks 

17, 33

striatum starts to degenerate early in the course of HD34 it seems logical that functions 
relying on the involvement of the nucleus caudate decline early on and are progressive 
in HD, such as psychomotor speed.

capture cognitive decline in HD but rather to map disease progression of several 

also moderate to advanced HD patients the cognitive battery was rather short. We 
acknowledge that other studies purely focusing on cognition in HD have utilized a 
wider range of cognitive tasks31. However, given the large sample size available, 
representing all stages of disease across multiple sites and countries, our results 
provide a valuable contribute to the understanding of cognitive decline in HD.

available in the REGISTRY database. Thus, we were not able to compare the cognitive 

Therefore, we also evaluated if the cognitive decline was clinical relevant: for example 
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evaluated a decline of on average three points as not clinically relevant and concluded 

and worsens with age. The Stroop Word and Stroop color test are sensitive in tracking 
psychomotor speed in HD in all stages and we recommend inclusion of these tasks in 
cognitive batteries for clinical trials. 
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