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Abstract 

Background:  Huntington’s disease (HD) is clinically characterized by progressing motor, cognitive and psychiatric 
symptoms presenting as varying phenotypes within these three major symptom domains. The disease is caused by 
an expanded CAG repeat tract in the huntingtin gene and the pathomechanism leading to these endophenotypes is 
assumed to be neurodegenerative. In 2012/2013 we recruited 107 HD gene expansion carriers (HDGECs) and exam‑
ined the frequency of the three cardinal symptoms and in 2017/2018 we followed up 74 HDGECs from the same 
cohort to describe the symptom trajectories and individual drift between the endophenotypes as well as potential 
predictors of progression and remission.

Results:  We found higher age to reduce the probability of improving on psychiatric symptoms; increasing disease 
burden score ((CAG-35.5) * age) to increase the risk of developing cognitive impairment; increasing disease burden 
score and shorter education to increase the risk of motor onset while lower disease burden score and higher Mini 
Mental State Examination increased the probability of remaining asymptomatic. We found 23.5% (N = 8) to improve 
from their psychiatric symptoms.

Conclusions:  There is no clear pattern in the development of or drift between endophenotypes. In contrast to motor 
and cognitive symptoms we find that psychiatric symptoms may resolve and thereby not entirely be caused by neu‑
rodegeneration. The probability of improving from psychiatric symptoms is higher in younger age and advocates for a 
potential importance of early treatment.
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Background
Huntington’s disease (HD) is an autosomal dominant, 
progressing neurodegenerative disease. Clinically, the 
disease is characterized by a triad of symptoms: motor 
disturbances, neuropsychiatric manifestations and cog-
nitive impairment. The clinical HD diagnosis relies on 
unambiguous extrapyramidal motor symptoms that can-
not be explained by any other movement disorder even 

though both cognitive and psychiatric symptoms often 
precede this by years [1]. The motor symptoms in HD 
typically debut in the fourth or fifth decade of life and 
gradually worsen over 10–20 years until death. The pres-
ence of non-motor symptoms has gradually been more 
accepted as early symptoms of HD and become targets 
of disease modulating treatments; however, the pathways 
leading to the different clinical endophenotypes within 
HD are still not fully understood. Several findings sug-
gest that both neuropathology, environmental stress and 
genetic variants other than the causative CAG repeat 
expansion in the Huntingtin gene contribute to the 
occurrence of cognitive impairment and neuropsychiatric 
symptoms [2–4]. The understanding of the development 
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and assessment of these non-motor symptoms needs to 
be exact to correctly ascertain the degree and progres-
sion of both cognitive and psychiatric symptoms. Several 
longitudinal studies have been carried out with focus on 
symptom development in premanifest Huntington’s dis-
ease gene expansion carriers (HDGECs); however, these 
studies have described the different symptom trajectories 
on a group level.

The classical presentation of motor symptoms con-
sists of involuntary movements, chorea, which begins 
early in the disease course and gradually the hyperki-
netic movements become more slow and akinesia and 
rigidity evolve [1], and this motor dysfunction strongly 
correlates with the volume of the striatum and white 
matter [5]. The typical cognitive deficits are mental slow-
ing, decreased attention, flexibility, planning, visuospa-
tial functions and emotion recognition [5]. Cognitive 
impairment is thought to be caused by dysfunction of 
the frontostriatal circuits due to gradual degeneration of 
the caudate nucleus [6], however, studies on the evolve-
ment of cognitive impairment in HD are inconclusive. 
In the TRACK-HD study, the impairment was measured 
years before motor onset and significant progression of 
the decline across 36 months in the premanifest HDGEC 
was reported [7] while other studies have found the rate 
of cognitive change in HDGECs to be similar to that in 
non-carriers [8].

Psychiatric symptoms including depression, irritabil-
ity, apathy, perseveration, obsession/compulsion and 
psychosis are described as more variable than the cogni-
tive and motor symptoms and little or no correlation has 
been described between structural imaging and psychi-
atric symptoms [5]. Cross sectional studies have shown 
HDGECs to have a lifetime prevalence between 33% and 
76% of one or more of these symptoms [4]. One longitu-
dinal study even showed that 99% of 111 HDGECs had 
neuropsychiatric symptoms occurring during a 3  year 
follow-up period [9]. While psychiatric symptoms have 
been found to worsen over time, the most striking sin-
gle psychiatric feature demonstrating clear longitudinal 
progression, significantly associated with cognitive and 
functional decline, is apathy [7], and subtle psychiat-
ric symptoms have been described more than 10  years 
before expected motor onset [10]. The psychiatric symp-
toms were reported to progress with disease severity and 
thereby likely to be part of the neurodegenerative disease 
process [11], but no longitudinal studies have described 
the progression or remission of symptoms on the indi-
vidual level.

We have previously proposed a clinical classification 
that embraces the HDGECs with non-motor-symptoms 
[12] and here we describe the individual endopheno-
typical drift of symptoms during an average of 5.5 and a 

minimum of 4.5 years in a HDGEC follow-up cohort, and 
potential predictors of progression and remission.

Materials and methods
From January 2012 to March 2013 we recruited 107 
HDGECs (Cohort 2013) from the Neurogenetics Clinic, 
Danish Dementia Research Centre, Rigshospitalet, 
Copenhagen, Denmark. All were examined by a phy-
sician and a neuropsychologist and evaluated regard-
ing motor symptoms, neuropsychiatric symptoms, and 
cognitive impairment. All individuals were confirmed 
HDGECs and had a Unified Huntington’s Disease Rating 
Scale-99, (UHDRS-motor) total motor score ≤ 55, a Mini 
Mental State Examination (MMSE) score ≥ 24, and a 
Montreal Cognitive Assessment (MoCA) score ≥ 19 [13].

From June 2017 to January 2019 we followed-up as 
many as possible from Cohort 2013. The group of par-
ticipants who was part of Cohort 2013 and participated 
again in the present follow-up study is referred to as 
either Cohort 2018 when their follow-up values are 
described or Baseline 2013 cohort when their data from 
2013 is described.

We were able to follow-up 74 participants and charac-
terized the endophenotypical drift of these participants.

The study was approved by the Ethics committee of 
the Capital region of Denmark (H-17002606) and writ-
ten informed consent was obtained from each participant 
before enrollment.

Clinical evaluation
The UHDRS was used for evaluation of motor signs in 
both cohorts [14]. A UHDRS-motor score > 5 classified as 
motor manifest and a UHDRS-motor score of 5 or less 
as premanifest HDGEC. The participants were assessed 
with UHDRS Total Functional Capacity (TFC), UHDRS 
Function scales and short Problem Behaviors Assessment 
(PBA-s). Previous and present medical and psychiatric 
history was recorded.

Neuropsychological testing and classification
To exclude participants who were not eligible for the neu-
ropsychological tests, all participants were screened with 
MMSE and MoCA. Participants who, as part of the 2018 
cohort participation, scored ≤ 24 on MMSE and ≤ 19 on 
MoCA were classified as cognitively impaired and not 
candidates for neuropsychological testing.

In the neuropsychological assessment memory, psy-
chomotor speed/attention, executive functions and 
visuospatial functions were examined. The applied tests 
are listed in Table 1. The normative data for these tests 
was extracted from a database at the Department of 
Neurology, Rigshospitalet, University of Copenhagen 
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from 80 age-matched healthy subjects. For further 
details see Vinther-Jensen et al. [13] and Table 1.

Neuropsychiatric assessment and classification
Neuropsychiatric symptoms were assessed by the 
Symptom Checklist-90-Revised (SCL-90-R) and the 
Hamilton Rating Scale for Depression-17 (HAM-17). 
The SCL-90-R is a questionnaire with 90 items reflect-
ing current psychological symptoms rated by the Likert 
scale of distress, ranging from “not at all” to “extremely”. 
The 90 items are divided into nine primary symptom 
dimensions: somatization (SOM), obsessive–compul-
sive (O-C), interpersonal sensitivity (I-S), depression 
(DEP), anxiety (ANX), hostility (HOS), paranoid anxi-
ety (PHOB), paranoid ideation (PAR) and psychoticism 
(PSY). The SCL-90-R also provide three global indices 
of distress: Global Severity Index (GSI), Positive Symp-
toms Distress Index (PSDI), and positive symptoms 
Total (PST). The scores from the questionnaire can be 
converted to T-scores normalized to a Danish sample 
of non-psychiatric individuals sorted by gender; higher 
T-scores indicating more psychiatric distress.

The HAM-17 was applied as a semi-structured inter-
view covering 17 symptom areas and participants were 
allocated to the neuropsychiatric group as indicated in 
Table 1.

Data analysis
Comparing the premanifest and manifest HDGECs, we 
analyzed the demographic data, age, gender, CAG repeat, 
Disease Burden score ((CAG–35.5) * age) [15] and results 
from SDMT and MoCA and MMSE using Mann–Whit-
ney U test for the continuous data and Chi square test or 
Fischer’s exact test for the categorial data.

We compared the scores obtained in the neuropsy-
chiatric and neuropsychological tests between the pre-
manifest and manifest HDGECs of Cohort 2018. The 
comparisons were based on t-test.

We investigated the endophenotypical groups for pre-
dictors of potential drift towards progression, regres-
sion or stability in symptoms. We examined all observed 
endophenotypical drifts for effects of age, gender, CAG 
repeat number, Disease Burden score, education and, if 
relevant, presence of psychiatric, cognitive and motor 
symptoms. We used logistic regression analysis and 
effects are presented as Odds Ratios (OR). The analyses 
were conducted in SAS Enterprise Guide version 7.1 and 
p values of 0.05 or less were considered significant.

Results
Cohort 2013 included 107 HDGECs and Cohort 2018 
74 HDGECs (Table  2). Six HDGECs from Cohort 2013 
had died and 27 did not participate in Cohort 2018. We 
were not able to get into contact with 7 Cohort 2013 

Table 1  Classification and evaluation of participants

Classification of participants into groups of premanifest and manifest HD gene expansion carriers and evaluation of neuropsychiatric symptoms and cognitive 
impairment

SCL-90-R Symptom Checklist-90-Revised, HAM-17 Hamilton Rating Scale for Depression-17, SDMT Symbol digit modality test

Clinical evaluation UHDRS total motor score (TMS)

Pre-manifest: TMS ≤ 5 Manifest: TMS > 5

Neuropsychiatric evaluation
Allocation to neuropsychiatric group if at least one 

criterion is met

1. Usage of psychotropic medication on neuropsychiatric indication

2. A SCL-90-R GSI T-score ≥ 63 or a T-score ≥ 63 in more than two of the nine primary symptom 
dimensions. The SCL-90-R cut-offs are based on SCL-90-R guide

3. A HAM-17 score ≥ 13 (moderate to severe depression)

Cognitive evaluation
Cognitively impaired if

Pre-morbid intellectual level: Wechsler Adult Intelligence Scale (WAIS)

Danish adult reading test (DART)

A. four or more test performances were impaired Memory: Selective reminding test

Rey complex figure text

B. all tests in a domain (except psychomotor speed/
attention) were impaired

Psychomotor speed/attention: Trail making test A & B

SDMT

Executive functions: Stroop test (100 items − incongruent))

Verbal fluency tests (category fluency (animals, 
1 min), lexical fluency (s-words and a-words, 
1 min))

C. performances on all tests in the psychomotor 
speed/attention domain, and at least one other 
test was below cut-off

Visiospatial functions: Rey complex figure

Ravens progressive matrices (set 1)

Block design test (modified version)
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participants and the remaining 20 either felt too ill, did 
not have the time or did not respond after receiving 
information about the project.

In Cohort 2018, 30 of the participants were premani-
fest and 44 were motor manifest. The motor manifest 
HDGECs were significantly older than the premanifest 
HDGECs, had longer CAG repeats, lower scores on the 
TFC, the MMSE and MoCA.

Cohort 2018
Cognitive symptoms
In Cohort 2018, 72.7% of the motor manifest and 10% 
of the premanifest HDGECs were cognitively impaired 
according to our criteria.

Neuropsychiatric symptoms
In Cohort 2018, 16.7% of the premanifest HDGECs and 
63.6% of the manifest HDGECs were classified as having 
psychiatric symptoms.

We found 13.3% of the 30 premanifest HDGECs (4 par-
ticipants) to be treated with psychotropic medication and 
one of these had neuropsychiatric symptoms according 
to the SCL-90-R (Fig. 1). Among the 86.7% who did not 
use psychotropic medication one had neuropsychiatric 
symptoms according to the SCL-90-R. In the motor man-
ifest group (Fig. 1), 36.4% did not use psychotropic medi-
cation and none of these HDGECs had neuropsychiatric 
symptoms according to SCL-90-R. 63.6% were treated 
with psychotropic medication and 25% of these had neu-
ropsychiatric symptoms according to SCL-90-R.

Comparing the neuropsychiatric symptoms of the 
motor manifest and the premanifest on the SCL-90-R 
and HAM-17 we found 7 out of 13 parameters to be 

significantly higher in the motor manifest group. After 
Bonferroni correction we only found a significant dif-
ference on the symptom dimensions O-C and DEP 
(Table 3).

Endophenotypes
The distribution of the endophenotypes in the two 
cohorts is illustrated in Fig. 2.

The premanifest HDGEC endophenotype distribution 
in the two cohorts differ; in both groups the participants 
with no symptoms (Pre-0) form the largest group and the 
group classified with psychiatric symptoms (Pre-P), the 
second largest. In Cohort 2018, the participants classi-
fied with both psychiatric and cognitive symptoms (Pre-
PC) form the third largest group which was the smallest 
group in Cohort 2013, and hence, the group classified 
with cognitive impairment (Pre-C) is the smallest in 
Cohort 2018.

The endophenotype distribution of the motor manifest 
participants were very alike in Cohort 2013 and Cohort 
2018. Approximately half in both cohorts had a combi-
nation of both neuropsychiatric and cognitive symptoms 
(Man-PC). The second largest group are the participants 
classified with cognitive impairments (Man-C) followed 
by the group of HDGECs classified with neuropsychiatric 
symptoms (Man-P) and HDGECs with only motor symp-
toms (Man-0).

In the motor manifest group, we found older age, 
male gender, higher CAG repeat number and Disease 
Burden score to increase the risk of being classified 
as having both psychiatric symptoms and cognitive 
impairment, although not statistically significantly. 
There was a significant risk of being classified with 

Table 2  Demographic data

All data is presented as median (range)

Disease Burden score ((CAG–35.5) * age)

HD Huntington’s disease, m/f male/female, TFC total function capacity, MMSE Mini Mental state examination, MoCA Montreal Cognitive Assessment

Premanifest HD 
gene-expansion 
carriers

Motor manifest HD 
gene-expansion 
carriers

Level of 
significance
p values

Premanifest HD 
gene-expansion 
carriers

Motor manifest HD 
gene-expansion 
carriers

Level of 
significance
p values

Cohort 2013 Cohort 2018

Number 51 56 30 44

Gender m/f 30/21 33/23 0.32 17/13 25/19 1.0

Age at examination 
(years)

36 (20–54) 50 (24–75) < 0.001 40.5 (30–60) 53.5 (29–80) 0.0002

CAG repeat length 42 (39–48) 43 (40–53) < 0.38 41 (39–48) 43 (40–53) 0.0052

Disease Burden scores 234.0 (108.0–437.0) 241.3 (133.0–437.5)

UHDRS-motor (score) 2 (0–5) 21 (6–51) < 0.001 1 (0–5) 32 (7–91) < 0.0001

TFC (score) 13 (11–13) 10 (4–13) < 0.001 13 (11–13) 8 (0–13) < 0.0001

MMSE (score) 29 (26–30) 28 (24–30) < 0.001 29.5 (27–30) 28 (20–30) < 0.0001

MoCA (score) 28 (25–30) 25 (19–30) < 0.001 30 (23–30) 25 (12–30) < 0.0001
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both neuropsychiatric symptoms and cognitive impair-
ment with higher UHDRS motor score (OR = 1.041; 
p = 0.0175) and lower scores for the following, 
TFC (OR = 0.756; p = 0.0103), MMSE (OR = 0.676; 
p = 0.0175) and MoCA (OR = 0.786; p = 0–0126). In the 
premanifest group female gender, higher CAG repeat 
number, higher Disease Burden score, higher UHDRS 
motor score and lower TFC, MMSE and MoCA 
increased the risk of being classified as having cognitive 
impairment, neuropsychiatric symptoms or both; How-
ever, only the lower TFC (OR = 0.060; p = 0.0284) was 
significant.

Endophenotypical drift
As illustrated in Fig.  3 there is no clear pattern in the 
individual endophenotypical drift between the two 
cohorts; 21 premanifest HDGECs remain asymptomatic, 
10 premanifest HDGECs become motor manifest, 11 
HDGECs are classified as having psychiatric symptoms 
and 8 are no longer classified as having psychiatric symp-
toms. Six HDGECs become classified as having cognitive 
impairment, one participant moves from being classified 
as cognitively impaired to being regarded as cognitively 
intact and 6 HDGECs die.

Psychiatric symptoms
The proportion of participants classified as having 
psychiatric symptoms in Cohort 2018, Pre-P, Pre-PC, 
Man-P and Man-PC, see Fig. 3 (44.6%), equals the pro-
portion in the Baseline 2013 cohort (42.5%). Twenty-
two percent of the premanifest Baseline 2013 cohort 
participants and 64% of the manifest Baseline 2013 
cohort participants have been classified as having psy-
chiatric symptoms.

Eleven (23.5%) HDGECs changed from having no psy-
chiatric symptoms to being classified with psychiatric 
symptoms during the mean of 5.5  years. We found no 
significant risk factors for predicting this symptom devel-
opment. The 8 (23.5%) HDGECs who recovered from 
being classified as having psychiatric symptoms show 
that the higher the age, the lower probability for improv-
ing on the classification of having psychiatric symptoms 
(OR = 0.892; p = 0.0303). Of the 8 who recovered from 
being classified as having psychiatric symptoms, 1 had a 
positive Hamilton-17, 7 had SCL-90-R registered symp-
toms, 6 were using psychotropic medication on neu-
ropsychiatric indication. Five were motor manifest and 
3 premanifest and 4 were classified as having cognitive 
impairment. Their mean age was 35.8 years, mean CAG 
repeat number 43 and Disease Burden score 321.2.

Fig. 1  Flowchart used for categorization of participants into the neuropsychiatric vs. the non-neuropsychiatric groups. Psychotropic—meaning 
use of psychotropic medication in the motor manifest group, 4 participants did not complete the SCL-90-R, 2 received psychotropic medication 
and therefore classified as having psychiatric symptoms and 2 did not receive psychotropic medication and were clinically evaluated as not having 
psychiatric symptoms



Page 6 of 11Hellem et al. Orphanet J Rare Dis          (2021) 16:340 

Cognitive impairment
Among the participants who participated in both 
Cohort 2013 and Cohort 2018, the proportion of par-
ticipants classified as being cognitively impaired was in 
2013 12.2% of the premanifest HDGECs and 74.4% of 
the manifest HDGECs. In Cohort 2018 we found 10% 
of the premanifest and 72.7% of the manifest HDGECs 
to be classified as having cognitive impairments.

Increasing Disease Burden score (OR = 1.019; 
p = 0.0132) was a significant risk factor for a change 
in classification from normal cognition to cognitive 
impairment.

Motor symptoms
Fifty-two percent of Cohort 2013 was motor manifest 
and 59.5% of Cohort 2018 was motor manifest. Twenty-
four percent (N = 10) of the premanifest HDGECs who 
participated in both Cohort 2013 and Cohort 2018 
changed status from premanifest to motor manifest 
during the 5.5 years (see Fig. 3).

We found a significantly increased risk of becom-
ing motor manifest with increasing Disease Burden 
score (OR = 1.014; p = 0.0112) and shorter education 
(OR = 3.968; p = 0.0060).

Table 3  Neuropsychiatric symptoms and neuropsychological test performance in the premanifest and the motor manifest gene-
expansion carriers

HD Huntington’s disease, SCL-90-R Symptom Checklist-90-Revised, SDMT Symbol Digit Modality test; Data shown as median (SD); p values were calculated by 
independent sample t-test; After Bonferroni correction only obsessive–compulsive and depression remained significant

Premanifest HD gene-expansion 
carriers

Motor manifest HD gene-expansion 
carriers

Level of 
significance
p valuesN = 30 N = 44

SCL-90-R

Global severity Index 42.5 (9.7) 49.4 (11.0) 0.0083*

Positive symptoms total 42.8 (9.2) 48.3 (10.2) 0.0232*

Positive Symptoms Distress Index 44.1 (12,6) 52.4 (14.8) 0.0165*

Somatization 46.2 (9.2) 48.9 (9.9) 0.2385

Obsessive–compulsive 42.3 (10.3) 51.1 (10.6) 0.0009*

Interpersonal sensitivity 43.0 (9.9) 46.9 (10.7) 0.1218

Depression 42.7 (9.1) 50.3 (10.6) 0.0024*

Anxiety 43.7 (9.3) 49.2 (10.3) 0.0252*

Anger-hostility 46.9 (10.3) 49.2 (11.8) 0.3918

Phobic anxiety 45.6 (6.4) 51.6 (11.5) 0.0075*

Paranoid ideation 43.7 (8.3) 46.7 (10.1) 0.1945

Psychoticism 44.9 (7.5) 49.2 (11.1) 0.0525

Hamilton-17 2.0 (1.8) 3.2 (3.5) 0.07

N = 30 N = 41

Trail a (s) 20.0 (6.7) 53.4 (31.5) < 0.0001*

Trail b (s) 45.7 (15.5) 140.6 (102.3) < 0.0001*

SDMT (number of correct) 53.1 (10.3) 29.9 (14.5) < 0.0001*

Stroop interference (sec) 109.3 (24.9) 181.5 (96.4) 0.0003*

Category verbal fluency 24.2 (4.3) 16.6 (6.8) < 0.0001*

Lexical fluency, s-words 17.4 (4.7) 10.2 (6.2) < 0.0001*

Lexical fluency, a-words 11.3 (4.2) 7.4 (3.9) 0.0004*

Reys complex figure test, recall 24.6 (7.1) 18.1 (5.8) 0.0003*

Reys complex figure test, copy 35.3 (1.1) 32.4 (4.5) 0.001*

Block design (number correct) 11.9 (0.4) 11.1 (1.9) 0.03*

Raven’s advanced progressive matrices 10.0 (2.0) 6.7 (2.1) < 0.0001*

Selective reminding test, immediate recall (no of 
errors)

8.4 (5.5) 31.1 (18.9) < 0.0001*

Selective reminding test, delayed recall 8.4 (1.1) 6.1 (2.2) < 0.0001*
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HDGECs remaining asymptomatic
Fifty-one-point two percent (N = 21) of the premanifest 
HDGECs were still asymptomatic after 5.5 years. When 
comparing these 21 HDGECs to the 7 asymptomatic 
HDGECs who during the follow-up period were classified 
with psychiatric, cognitive or motor symptoms, we find 
them to have significantly shorter CAG repeat numbers 
(p = 0.0295), lower Disease Burden score (p = 0.0086) 
and higher MMSE score (p = 0.0007). Comparing them 
to all the premanifest HDGECs we found a significant 
increased probability of remaining asymptomatic with 

lower Disease Burden score (OR = 0.985; p = 0.0209), 
higher SDMT score (OR = 1.203; p = 0.0358) and longer 
education (OR = 2.422; p = 0.0211).

The deceased HDGECs
Of Cohort 2013, 5.6% have died. Five motor manifest 
and one premanifest, who did not differ from the motor 
manifest HDGECs neither in age, UHDRS or Disease 
Burden score (data not shown). We do not know the 
exact cause of death, but unsurprisingly we find the risk 

Fig. 2   Distribution of the endophenotypes in Cohort 2013 and Cohort 2018
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of dying to increase significantly with the increase of 
age (OR = 1.089; p = 0.0181) and Disease Burden score 
(OR = 1.009; p = 0.0193).

Participants lost to follow‑up
Twenty-seven participants were not part of Cohort 2018, 
10 premanifest and 17 manifest HDGECs. They did not 
differ significantly demographically from the remaining 
participants from Cohort 2013 (see Additional file 1). The 
10 premanifest HDGECs, who did not participate in the 
follow-up study, represented 38.5% of the Pre-P group 
from Cohort 2013, 20% of the Pre-C group, 50% of the 
Pre-PC and 9.6% of the Pre-0 group. The 17 manifest 
HDGECs represent 37.5% of the Man-P in Cohort 2013, 
35.7% of Man-C and 27.6% of the Man-PC.

Discussion
We describe a single site follow-up study of HDGECs 
over an average period of 5.5  years and emphasize the 
individual variability in the drift between clinical endo-
phenotypes of HD. The clinical endophenotypes are 
based on a comprehensive assessment battery of the par-
ticipants and this along with the relatively large patient 
group makes this study unique. We confirm an increased 

risk of motor onset and development of cognitive impair-
ments with increasing Disease Burden [16]. Increasing 
neurodegeneration has been reported with increasing 
Disease Burden [5] and a correlation between cognitive 
symptoms and white matter atrophy has also been shown 
[17] which is in line with our findings of increasing Dis-
ease Burden with increased risk of onset of motor and 
cognitive symptoms. Furthermore, our study highlights 
the unpredictability of the psychiatric symptoms, how-
ever, we are not able to point to a causality of these symp-
toms. We observe that the psychiatric symptoms may 
evolve and resolve; the only significant predictor being 
increasing age which reduces the probability of improv-
ing from the psychiatric symptoms. The decreasing 
potential of psychiatric improvement with increasing age 
may, however, reflect the progressive neurodegeneration 
and presumed decreased brain plasticity in HD [18].

Neurodegenerative diseases like Parkinson’s disease 
and Alzheimer’s disease also encompass more than one 
clinical endophenotype. In Parkinson’s disease there 
have been identified different genetic variants for dif-
ferent endophenotypes with a different treatment 
response and prognosis [19]. We found the phenotypes 
in HD to change over time, not only like the more recent 

Fig. 3  Endophenotypical drift in the Baseline 2013 Cohort to Cohort 2018. Overview of the follow-up participants and their drift between 
phenotypes. Right side of the figure represents the Manifest group (subgroups marked by a Man) and the left side the Premanifest group 
(subgroups marked by a Pre). Both sides are vertically divided into Baseline 2013 and Cohort 2018. The cohorts are horizontally divided in to four 
subgroups. The zero indicates neither cognitive nor psychiatric symptoms, P means addition of psychiatric symptoms, C addition of cognitive 
symptoms and PC addition of both cognitive and psychiatric symptoms. The number indicates the HDGECs in the group and the arrows show the 
drift from Baseline 2013
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understanding of the disease progression in HD with 
psychiatric symptoms and cognitive impairment start-
ing years before onset of motor symptoms and all three in 
constant aggravation. We found, however, the phenotype 
more versatile; some participants debut with pure motor 
symptoms while others debut with the full triad of symp-
toms and the psychiatric symptoms are very variable 
during the disease course. This makes it unlikely that the 
endophenotypes are explained by the CAG repeat expan-
sion variant alone. Genetic polymorphisms affect age of 
onset as well as cognitive impairment and psychiatric 
symptoms [3], but also environmental factors, like physi-
cal activity and alcohol consumption, have been found to 
modulate onset and progression of HD [20] and pharma-
cological treatment can affect the different symptoms as 
well [21].

In Alzheimer’s disease the symptoms progress within 
a spectrum of cognitive impairment that expands from 
normal to end-stage dementia, which has been linked to 
the biological spread of the disease [22]. In HD we also 
see a spread of pathology with the earliest changes seen in 
the Caudate nucleus and the Putamen as loss of medium 
spiny neurons, followed by white matter loss around 
the striatum, corpus callosum and posterior white mat-
ter tracts and then a more pronounced and widespread 
grey matter loss [7, 23–25]. While the motor symptoms 
are correlated to the changes in the striatum, the mood 
and behavioral symptoms of HD have been suggested to 
reflect the changes in the limbic circuit [26] and dysfunc-
tion in the basal-ganglia-thalamocortical loops [27].

Describing the trajectories of the major symptom 
domains in our study we, as expected, find the num-
ber of motor manifest participants increased during the 
5.5  years. The association, that we confirm, between 
motor symptoms and Disease Burden score is well estab-
lished, but environmental factors has also been described 
to affect age of onset [28] which could be in line with our 
finding of the risk of motor symptom onset to increase 
with lower education. But whether it is in fact higher 
education that protects against progression by increasing 
the plasticity of the brain [29] or the correlation reflects 
that a longer CAG repeat facilitates a lower education is 
not known.

The proportion of participants classified as being cog-
nitively impaired also increased during the follow-up 
period, 40.5% in the Baseline 2013 cohort and 47.3% in 
Cohort 2018. The increase in frequency of participants 
classified as having cognitive impairment is in accord-
ance with previous studies [5]. However, one premani-
fest HDGEC drifted from being classified as cognitively 
impaired to not being cognitively impaired. This par-
ticipant developed psychiatric symptoms during the 
5.5  years of follow-up. Clinical records show, that this 

participant in 2013 was affected by external stress factors 
at the time of testing, which has likely affected the per-
formance on cognitive tests. Our classification is based 
on a thorough examination that evaluates the individual 
participant, but there will still be some participants, esti-
mated 5%, with incorrect cognitive classification.

The frequency of participants classified as having psy-
chiatric symptoms in Cohort 2018 (44.6%) equals the 
distribution among the Baseline 2013 cohort (42.5%), 
despite the expected progression in symptoms over 
time. While 11 HDGECs drifted to the group being clas-
sified as having psychiatric symptoms, we found that 
8 HDGECs recovered from being classified as having 
psychiatric symptoms. The improvement in psychiatric 
symptoms can be a result of pharmacologic treatment 
but after ended treatment the symptoms are still absent 
which is surprising in the context of psychiatric symp-
toms supposed to be caused by neurodegeneration [30]. 
A longitudinal study investigating psychiatric symp-
toms in prodromal HD found psychiatric symptoms to 
increase with progression of the disease based on com-
panion reports showing worsening of symptoms in the 
HDGEC, while the lack of reported worsening of symp-
toms could be explained by decreasing awareness in the 
HDGEC [11]. Another study found apathy to correlate 
with the underlying disease process, while depression 
only tended to correlate with the proximity to the clinical 
onset [31]. In our cohorts, the participants who improved 
on their psychiatric status are from both the premani-
fest and manifest group, none of them were apathetic 
clinically nor according to the PBA-s. Using their mean 
CAP scores [32] we estimated them to be approximately 
6 years from expected motor onset, none of the premani-
fest participants being cognitively affected or having lost 
disease awareness.

As a consequence of this being a follow-up study, 
we expected our HDGECs in Cohort 2018 to be older 
than in Cohort 2013; in both cohorts the premanifest 
HDGECs were significantly younger and had significantly 
lower UHDRS motor scores and higher TFC, MMSE and 
MoCA scores. In Cohort 2018, the premanifest HDGECs 
had significantly shorter CAG repeats than the manifest 
HDGECs, which is in accordance with the premanifest 
HDGECs who become motor manifest have significantly 
higher Disease Burden score (p = 0.0047) and signifi-
cantly longer CAG repeats (p = 0.022) than the preman-
ifest HDGECs who remain premanifest. Twenty-five 
percent of Cohort 2013 were not able to participate in 
this follow-up study; however, they did not differ signifi-
cantly in demographics compared to the Baseline 2013 
cohort. Cohort 2013 consisted of premanifest to moder-
ately affected HDGECs and Cohort 2018 will be some-
what predefined, and therefore our results cannot be 
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compared to cross sectional studies. This limitation does, 
however, not inflict on the unpredictability of HD or the 
importance of a thorough examination of the HDGECs 
to clarify their endophenotype to optimize treatment and 
support.

Conclusion
We describe the individual unpredictability in the pro-
gression of symptoms in HD as seen in Fig. 3. Therefore, 
we recommend regular follow-up where symptoms can 
be identified and potentially relieved.

More than one fifth of the HDGECs who were classi-
fied as having psychiatric symptoms in the Baseline 2013 
cohort improved from their symptoms. Six of these par-
ticipants were using psychotropic medication at baseline 
and none at follow-up. If the symptoms were only to be 
caused by neurodegeneration, we would expect them to 
last and worsen after ended pharmacological treatment. 
However, other studies suggest that the psychiatric symp-
toms often disappear as the disease progresses because 
of increasing lack of disease awareness [11], which does 
not seem to be the case in our study. We found the prob-
ability of improving from psychiatric symptoms to be sig-
nificantly higher with younger age suggesting a potential 
importance of early treatment of psychiatric symptoms 
in younger individuals.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13023-​021-​01967-2.

Additional file 1. Demographic data on the lost to follow-up participants.

Acknowledgements
This project was supported by the Danish Huntington’s Disease Association 
Research Foundation, The Research Board at Rigshospitalet, The Novo Nordisk 
Foundation, A.P. Møller Foundation and The Søren Segel & Johanne Wiibro 
Segel’s Research Fund. We wish to thank all HD family members for their 
continuous support and participation.

Authors’ contributions
All authors have been involved in the planning and conduction of the study, 
as well as the analysis and interpretation of data. MNNH and RKH have primar‑
ily been responsible for the clinical data. All authors have been engaged in 
drafting the article and revising it critically for important intellectual content. 
All authors have read and approved the final manuscript.

Funding
MNNH received funding from the Danish Huntington’s Disease Associa‑
tion Research Foundation, The Research Board at Rigshospitalet, A.P. Møller 
Foundation and The Søren Segel & Johanne Wiibro Segel’s Research Fund. JEN 
received funding from The Novo Nordisk Foundation. The funding body have 
no role in the design of the study or the collection, analysis and interpretation 
of data.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study has been approved by the ethics committee of the Capital region 
of Denmark (H-17002606) and written informed consent was obtained from 
each participant before enrollment.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 The Neurogenetics Clinic, Danish Dementia Research Centre, Rigshospitalet, 
University of Copenhagen, Blegdamsvej 9, 2100 Copenhagen, Denmark. 
2 Department of Psychology, University of Copenhagen, Øster Farimagsgade 
2, 1014 Copenhagen, Denmark. 3 Department of Neurology, Bispebjerg-
Frederiksberg Hospital, Bispebjerg Bakke 23, 2400 Copenhagen NV, Denmark. 
4 Department of Public Health, Section of Biostatistics, University of Copenha‑
gen, Øster Farimagsgade 5, 1014 Copenhagen, Denmark. 

Received: 25 March 2021   Accepted: 19 July 2021

References
	1.	 Ghosh R, Tabrizi SJ. Clinical Aspects of Huntington’s Disease. In: Geyer MA, 

Ellenbroek BA, Marsden CA, Barnes TRE, Nguyen HHP, Cenci MA, editors. 
Behavioral Neurobiology of Huntington’s Disease and Parkinson’s Disease. 
Berlin: Springer Berlin Heidelberg; 2013. p. 3–31.

	2.	 Goh AMY, Wibawa P, Loi SM, Walterfang M, Velakoulis D, Looi JCL. 
Huntington’s disease: neuropsychiatric manifestations of Huntington’s 
disease. Australas Psychiatry. 2018;26(4):366–75.

	3.	 Vinther-Jensen T, Nielsen TT, Budtz-Jørgensen E, Larsen IU, Hansen MM, 
Hasholt L, et al. Psychiatric and cognitive symptoms in Huntington’s 
disease are modified by polymorphisms in catecholamine regulating 
enzyme genes. Clin Genet. 2016;89(3):320–7. Available from: http://​www.​
ncbi.​nlm.​nih.​gov/​pubmed/​26081​309.

	4.	 van Duijn E, Kingma E, van der Mast MR. Psychopathology in verified 
Huntington’s disease gene carriers. J Neuropsychiatry Clin Neurosci 
[Internet]. 2007;19(4):441–8.

	5.	 Ross CA, Aylward EH, Wild EJ, Langbehn DR, Long JD, Warner JH, et al. 
Huntington disease: natural history, biomarkers and prospects for thera‑
peutics. Nat Publ Gr. 2014;10(1110):204–16.

	6.	 Royall DR, Lauterbach EC, Cummings JL, Reeve A, Rummans TA, Kaufer 
DI, et al. Executive control function. J Neuropsychiatry Clin Neurosci. 
2002;14(4):377–405.

	7.	 Tabrizi SJ, Scahill RI, Owen G, Durr A, Leavitt BR, Roos RA, et al. Predictors 
of phenotypic progression and disease onset in premanifest and early-
stage Huntington’s disease in the TRACK-HD study : analysis of 36-month 
observational data. Lancet Neurol [Internet]. 2013;12(7):637–49. https://​
doi.​org/​10.​1016/​S1474-​4422(13)​70088-7.

	8.	 Witjes-Ané MNW, Mertens B, Van Vugt JPP, Bachoud-Lévi AC, Van Ommen 
GJB, Roos RAC. Longitudinal evaluation of “Presymptomatic” carriers of 
Huntington’s disease. J Neuropsychiatry Clin Neurosci. 2007;19(3):310–7.

	9.	 Thompson JC, Harris J, Sollom AC, Stopford CL, Howard E, Snowden JS, 
et al. Longitudinal evaluation of neuropsychiatric symptoms in Hunting‑
ton’s disease. J Neuropsychiatry Clin Neurosci. 2012;24(1):53–60.

	10.	 Duff K, Paulsen JS, Beglinger LJ, Langbehn DR, Stout JC. Psychiatric symp‑
toms in Huntington’s disease before diagnosis: the predict-HD study. Biol 
Psychiatry [Internet]. 2007;62(12):1341–6.

	11.	 Epping EA, Kim J-I, Craufurd D, Brashers-Krug TM, Anderson KE, McCusker 
E, et al. Longitudinal psychiatric symptoms in prodromal Huntington’s 
disease: a decade of data. Am J Psychiatry [Internet]. 2015. https://​doi.​
org/​10.​1176/​appi.​ajp.​2015.​14121​551.

	12.	 Vinther-Jensen T, Larsen IU, Hjermind LE, Budtz-Jørgensen E, Nielsen 
TT, Nørremølle A, et al. A clinical classification acknowledging 

https://doi.org/10.1186/s13023-021-01967-2
https://doi.org/10.1186/s13023-021-01967-2
http://www.ncbi.nlm.nih.gov/pubmed/26081309
http://www.ncbi.nlm.nih.gov/pubmed/26081309
https://doi.org/10.1016/S1474-4422(13)70088-7
https://doi.org/10.1016/S1474-4422(13)70088-7
https://doi.org/10.1176/appi.ajp.2015.14121551
https://doi.org/10.1176/appi.ajp.2015.14121551


Page 11 of 11Hellem et al. Orphanet J Rare Dis          (2021) 16:340 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

neuropsychiatric and cognitive impairment in Huntington’s disease. 
Orphanet J Rare Dis. 2014;9:114.

	13.	 Vinther-Jensen T, Larsen IU, Hjermind LE, Budtz-Jørgensen E, Nielsen TT, 
Nørremølle A, et al. A clinical classification acknowledging neuropsychi‑
atric and cognitive impairment in Huntington’s disease. Orphanet J Rare 
Dis. 2014;9:114. 

	14.	 Kieburtz K, Penney JB, Corno P, Ranen N, Shoulson I, Feigin A, et al. Unified 
Huntington’s Disease Rating Scale: Reliability - and-Consistency. Mov 
Disord. 1996;11(2):136–42.

	15.	 Penney JB, Vonsattel J-P, Macdonald ME, Gusella JF, Myers RH. CAG repeat 
number governs the development rate of pathology in Huntington’s dis‑
ease. Ann Neurol [Internet]. 1997;41(5):689–92. https://​doi.​org/​10.​1002/​
ana.​41041​0521.

	16.	 Lemiere J, Decruyenaere M, Evers-Kiebooms G, Vandenbussche E, Dom 
R. Cognitive changes in patients with Huntington’s disease (HD) and 
asymptomatic carriers of the HD mutation—a longitudinal follow-up 
study. J Neurol [Internet]. 2004;251(8):935–42.

	17.	 Beglinger LJ, Nopoulos PC, Jorge RE, Langbehn DR, Mikos AE, Moser DJ, 
et al. White matter volume and cognitive dysfunction in early Hunting‑
ton’s disease. Cogn Behav Neurol. 2005;18(2):102–7.

	18.	 Dorszewska J, Kozubski W, Waleszczyk W, Zabel M, Ong K. Neuroplas‑
ticity in the pathology of neurodegenerative diseases. Neural Plast. 
2020;2020:4245821–2.

	19.	 Cooper CA, Jain N, Gallagher MD, Weintraub D, Xie SX, Berlyand Y, et al. 
Common variant rs356182 near SNCA defines a Parkinson’s disease 
endophenotype. Ann Clin Transl Neurol. 2017;4(1):15–25.

	20.	 Mo C, Hannan AJ, Renoir T. Environmental factors as modulators of 
neurodegeneration: insights from gene-environment interactions in 
Huntington’s disease. Neurosci Biobehav Rev [Internet]. 2015;52:178–92. 
https://​doi.​org/​10.​1016/j.​neubi​orev.​2015.​03.​003.

	21.	 Moulton CD, Hopkins CWP, Bevan-Jones WR. Systematic review of 
pharmacological treatments for depressive symptoms in Huntington’s 
disease. Mov Disord. 2014;29(12):1556–61.

	22.	 Jicha GA, Carr SA. Conceptual evolution in Alzheimer’s disease: Implica‑
tions for understanding the clinical phenotype of progressive neurode‑
generative disease. J Alzheimer’s Dis. 2010;19(1):253–72.

	23.	 Tabrizi SJ, Reilmann R, Roos RAC, Durr A, Leavitt B, Owen G, et al. Potential 
endpoints for clinical trials in premanifest and early Huntington’s disease 
in the TRACK-HD study: analysis of 24 month observational data. Lancet 

Neurol [Internet]. 2012;11(1):42–53. https://​doi.​org/​10.​1016/​S1474-​
4422(11)​70263-0.

	24.	 Tabrizi SJ, Langbehn DR, Leavitt BR, Roos RA, Durr A, Craufurd D, et al. 
Biological and clinical manifestations of Huntington’s disease in the 
longitudinal TRACK-HD study: cross-sectional analysis of baseline data. 
Lancet Neurol [Internet]. 2009;8(9):791–801. https://​doi.​org/​10.​1016/​
S1474-​4422(09)​70170-X.

	25.	 Tabrizi SJ, Scahill RI, Durr A, Roos RAC, Leavitt BR, Jones R, et al. Biological 
and clinical changes in premanifest and early stage Huntington’s disease 
in the TRACK-HD study: The 12-month longitudinal analysis. Lancet Neu‑
rol [Internet]. 2011;10(1):31–42. https://​doi.​org/​10.​1016/​S1474-​4422(10)​
70276-3.

	26.	 Mehrabi NF, Singh-Bains MK, Waldvogel HJ, Faull RL. Cortico-Basal Ganglia 
interactions in Huntington’s disease. Ann Neurodegener Disord [Internet]. 
2016;1(2):1007.

	27.	 Chamberlain SR, Sahakian BJ. Cognition in mania and depression: 
psychological models and clinical implications. Curr Psychiatry Rep. 
2004;6(6):451–8.

	28.	 The U.S.–Venezuela Collaborative Research Project, Wexler NS. Venezue‑
lan kindreds reveal that genetic and environmental factors modulate 
Huntington’s disease age of onset. Proc Natl Acad Sci USA [Internet]. 
2004;101(10):3498–503. Available from: http://​www.​pnas.​org/​conte​nt/​
101/​10/​3498.​abstr​act.

	29.	 Ansari D. Culture and education: new Frontiers in brain plasticity. Trends 
Cogn Sci [Internet]. 2012;16(2):93–5. https://​doi.​org/​10.​1016/j.​tics.​2011.​
11.​016.

	30.	 Paoli RA, Botturi A, Ciammola A, Silani V, Prunas C, Lucchiari C, et al. Neu‑
ropsychiatric burden in Huntington’s disease. Brain Sci. 2017;7(6):1–15.

	31.	 Craufurd D, Thompson JC, Snowden JS. Behavioral changes in 
Huntington disease. Neuropsychiat Neuropsychol Behav Neurol. 
2001;14(4):219–26.

	32.	 Zhang Y, Long JD, Mills JA, Warner JH, Lu W, Paulsen JS. Indexing disease 
progression at study entry with individuals at-risk for Huntington disease. 
Am J Med Genet Part B Neuropsychiatr Genet. 156B(7):751–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1002/ana.410410521
https://doi.org/10.1002/ana.410410521
https://doi.org/10.1016/j.neubiorev.2015.03.003
https://doi.org/10.1016/S1474-4422(11)70263-0
https://doi.org/10.1016/S1474-4422(11)70263-0
https://doi.org/10.1016/S1474-4422(09)70170-X
https://doi.org/10.1016/S1474-4422(09)70170-X
https://doi.org/10.1016/S1474-4422(10)70276-3
https://doi.org/10.1016/S1474-4422(10)70276-3
http://www.pnas.org/content/101/10/3498.abstract
http://www.pnas.org/content/101/10/3498.abstract
https://doi.org/10.1016/j.tics.2011.11.016
https://doi.org/10.1016/j.tics.2011.11.016

	Endophenotypical drift in Huntington’s disease: a 5-year follow-up study
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Clinical evaluation
	Neuropsychological testing and classification
	Neuropsychiatric assessment and classification
	Data analysis

	Results
	Cohort 2018
	Cognitive symptoms
	Neuropsychiatric symptoms
	Endophenotypes

	Endophenotypical drift
	Psychiatric symptoms
	Cognitive impairment
	Motor symptoms
	HDGECs remaining asymptomatic
	The deceased HDGECs

	Participants lost to follow-up

	Discussion
	Conclusion
	Acknowledgements
	References


