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Abstract
Introduction: Behavioral and cognitive changes can be observed across all Huntington 
disease (HD) stages. Our multicenter and retrospective study investigated the asso-
ciation between cognitive and behavioral scale scores in manifest HD, at three dif-
ferent yearly timepoints.
Methods: We analyzed cognitive and behavioral domains by the Unified Huntington's 
Disease Rating Scale (UHDRS) and by the Problem Behaviors Assessment Short Form 
(PBA-s), at three different yearly times of life (t0 or baseline, t1 after one year, t2 
after two years), in 97 patients with manifest HD (mean age 48.62 ± 13.1), from three 
ENROLL-HD Centers. In order to test the disease progression, we also examined pa-
tients’ motor and functional changes by the UHDRS, overtime.
Results: The severity of apathy and of perseveration/obsession was associated with 
the severity of the cognitive decline (p < .0001), regardless of the yearly timepoint. 
The score of irritability significantly and positively correlated with perseveration er-
rors in the verbal fluency test at t0 (r = .34; p = .001), while the psychosis significantly 
and negatively correlated with the information processing speed at t0 (r  =  −.21; 
p = .038) and significantly and positively correlated with perseveration errors in the 
verbal fluency test at t1 (r = .35; p < .0001).
The disease progression was confirmed by the significant worsening of the UHDRS-
Total Motor Score (TMS) and of the UHDRS-Total Functional Capacity (TFC) scale 
score after two-year follow-up (p < .0001).
Conclusion: Although the progression of abnormal behavioral manifestations can-
not be predicted in HD, the severity of apathy and perseveration/obsessions are 
significantly associated with the severity of the cognitive function impairment, thus 
contributing, together, to the disease development and to patients’ loss of independ-
ence, in addition to the neurological manifestations. This cognitive-behavior pattern 
determines a common underlying deficit depending on a dysexecutive syndrome.
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1  | INTRODUC TION

Huntington disease (HD) is a rare, genetic, severely progressive, neuro-
degenerative illness manifesting through a combination of behavioral 
and neurological symptoms, that can start at any age. The cause is an 
expanded CAG repeat mutation which is detectable by a genetic test, 
before the first symptoms appear. The age of onset depends on the 
presence of neurological manifestations, that is, clinical motor and/or 
cognitive signs and/or behavioral symptoms that have an impact on life 
(Reilmann et al., 2014). The first symptoms usually manifest in adult-
hood, even though a pediatric (Fusilli et al., 2018) or a late onset are 
also possible (Reilmann et al., 2014). The progressive neurological man-
ifestations are characterized by a movement disorder (e.g., choreic and 
dystonic movements, poor balance and coordination, Parkinsonism) 
and by a cognitive decline (e.g., executive dysfunction and memory 
failures), associated with behavioral abnormalities (e.g., depression, 
suicidal ideation, irritability, obsessions and perseveration, psychosis). 
All together, these progressive clinical manifestations lead to high dis-
ability, cachexia, dementia, and death (Reilmann et al., 2014).

Even though all the first motor, behavioral, and cognitive onset 
symptoms are extremely subtle and may mislead the correct clinical di-
agnosis (Pascu et al., 2015), motor symptoms tend to be more visible in 
the prodromal HD phase (i.e., the life time which is close to motor onset 
symptoms) and may help tracking the disease progression (Marder 
et al., 2000). Behavioral changes are instead nonspecific because over-
lap to a number of different behavioral conditions and vary largely 
and unpredictably across all HD stages (Eddy et al., 2016). In addition, 
even though cognition shows abnormalities since many years before 
the movement disorder becomes visible (Tabrizi et al., 2013), only the 
early cognitive impairment is measurable with internationally validated 
scales in late premanifest and early manifest HD (Stout et al., 2011).

The early impairment of cognition in HD includes abnormalities in 
the emotional recognition (Stout et al., 2011), in the theory of mind 
(Eddy & Rickards, 2015), and in the executive functions (e.g., working 
memory, task switching, inhibitory control, interference resolution, 
fluency, planning, and problem-solving abilities) (Migliore et al., 2019; 
You et al., 2014). Besides the cognitive decline, the behavioral symp-
toms are also documented and may include personality changes due to 
the inability to control the mood (Eddy et al., 2016). The mood alter-
ation includes anxiety, depression and suicidality, irritability bursts and 
aggressiveness, obsessions, and perseveration. More rarely, the psy-
chosis with delusions and hallucinations may contribute to HD psycho-
pathology. The symptom apathy also represents a common behavioral 
disturbance and is considered among the few behavioral changes wors-
ening as the disease progresses (Tabrizi et al., 2013). Previous studies 
highlighted a relationship between behavioral abnormalities and other 
clinical variables, both in manifest and in premanifest HD stages. For 
example, some studies (Baudic et  al.,  2006; Thompson et  al.,  2002) 

showed that apathy was directly related to the cognitive and motor 
score worsening in manifest HD. Other studies (Duff et al., 2010; Smith 
et al., 2012) confirmed this correlation also since prodromal HD, thus 
disclosing a possible relationship between some behavioral domains 
(i.e., apathy, depression, disinhibition) and the frontal cognitive skills.

The cognitive and behavioral abnormalities are likely related to 
each other as a biological consequence of gangliathalamocortical 
circuit dysfunction and may be reduced by silencing the mutated 
gene in animal models (Yamamoto et al., 2000). The cognitive abnor-
malities, such as deficit in social cognition (i.e., emotion recognition 
and theory of mind), and abnormal behaviors, such as incongruity, 
apathy, irritability, inflexibility, and intransigence in social situations, 
appear across all HD stages (Bora et al., 2016), before the occurrence 
of dementia.

However, even though the progressive decline of cognition and 
the unpredictable appearance of behavioral symptoms severely im-
pair patients’ independence and represent the greatest stressor for 
HD families, especially for the caregivers (Duff et al., 2007), there is 
no fully documented relationship between behavioral and cognitive 
abnormalities and their change over time. As a consequence, reliable 
quantification of measures combining both these patterns of symp-
toms is still missing.

By our multicenter and retrospective study, we aimed to primar-
ily explore a potential relationship between cognitive alterations 
and behavioral symptoms, that were measured in manifest HD. 
Compared to all the previous studies, our analysis included the cor-
relation between the several behavioral and cognitive scores, which 
we measured, overtime, at three different yearly timepoints during 
the patients’ life (t0 or baseline, t1 after one year, t2 after two years). 
In addition, to document the neurological progression of HD over-
time and across the yearly timepoints, we also analyzed the worsen-
ing of motor impairment together with the loss of independence, as 
a secondary end point.

2  | METHODS

2.1 | Patients’ population

Starting from a sample of 177 patients recruited in three Enroll-HD 
Centres in Italy, for example, LIRH Foundation (Rome), IRCCS Istituto 
Neurologico Carlo Besta (Milan); Sant’Andrea University Hospital 
(Rome)—we selected 97 patients based on the following inclusion cri-
teria: (1) neurological age at onset after age 20; (2) Unified Huntington's 
Disease Rating Scale (UHDRS)—Total Motor Score (TMS)  >10 and 
Diagnostic Confidence Level (DCL) of 4 at baseline; (3) UHDRS-Total 
Function Capacity (TFC) ≥ 3 at baseline; and (4) no history of neuro-
logical conditions, other than HD and of substance dependence or of 
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developmental disorder affecting cognition, at the baseline assess-
ment. All patients were assuming small doses of neuroleptics (olanzap-
ine 2.5–10 mg daily, aripiprazole 2.5–10 mg daily, quietiapine 25–50 mg 
daily, pimozide 2–4 mg daily, haloperidole 0.5–1 mg daily) and benzodi-
azepines (lorazepam, bromazepam, alprazolam 0.5–2 mg daily). HD was 
genetically confirmed in all cases (all with expansion ≥40 CAG repeats).

2.2 | Measures

All patients were assessed by the UHDRS (Unified Huntington's 
Disease Rating Scale, 1996) and by PBA-s (Callaghan et al., 2015) at 
baseline (time 0; t0) and at 1-year (time 1; t1) and 2-year (time 2; t2) 
follow-up, by health professionals with expertise in HD, in accord-
ance with ENROLL-HD guidelines (Landwehrmeyer et al., 2016) and 
after signed informed consent.

2.3 | UHDRS: motor, cognitive, and functional assay

UHDRS included motor, cognitive, and functional domains (e.g., TMS 
or TFC, Independence Scale or IS, and Functional Assessment or FA). 
The TMS is a standardized and validated assay consisting of 31 items 
rating the motor impairment from 0 to 4 with a score of 0 indicating 
no abnormalities and 4 indicating the most severe impairment (Unified 
Huntington's Disease Rating Scale, 1996). The TFC is a standardized 
and validated assay of overall function in HD. The TFC rates individu-
als’ function on the following domains: occupation, handling finances, 
domestic chores, and activities of daily living and ranges from 13 (nor-
mal function) to 0 (complete loss of function) (Unified Huntington's 
Disease Rating Scale,  1996). The cognitive evaluation includes (1) 
Categorical Verbal Fluency Test (VFT) in which participants have to 
produce as many words as possible from a semantic category (usually 
animals) in a given time (60 s); (2) Stroop Color Reading Test (SCR) in 
which participant is requested to name as many color as possible in 
45 s of randomly presented tokens (three colors—blue, red, green) and 
Stroop Word Reading Test (SWR) where the participants read as many 
words as possible in 45 s of randomly presented tokens (three color 
words—blue, red, green) printed in black ink; and (3) The Symbol Digit 
Modality Test (SDMT), in the written response format, requires the 
participants to use a coded key to match nine numerical digits with 
nine symbols in 90 s. Participants were given 10 practice items before 
starting the test. In all cases, lower are the scores, more pronounced is 
the cognitive decline.

2.4 | Problem Behavioral Assessment-short form 
(PBA-s): behavioral assay

The PBA-s test rates the behavioral changes by an 11-item semis-
tructured interview specifically designed to cover a wide range of 
behavioral symptoms related to HD (Kingma et al., 2008). This scale 
is usually administered in the presence of the caregiver/companion 

and rates the severity (0: absent, 1: questionable, 2: mild, 3: moder-
ate, and 4: severe) and the frequency (0: never/ almost never, 1: sel-
dom, 2: sometimes, 3: frequently, and 4: daily/almost daily for most 
or all the day) of scores of depressed mood, suicidal ideation and 
anxiety (Depression subscore: Dep-sc), irritability and aggressive 
behavior (Irritability subscore: Ir-sc), apathy and disoriented behav-
ior (Apathy subscore: Ap-sc), perseverative thinking and obsessive–
compulsive behaviors (Perseverative/Obsessive subscore: Db-sc), 
paranoid thinking and hallucinations (Psychosis subscore: Pt-sc), in 
accordance with ENROLL-HD guidelines. The PBA score ranges be-
tween 0 and 176 with the higher scores associated with the most 
severe behavioral abnormalities.

2.5 | Ethical approval

This study conforms with World Medical Association Declaration of 
Helsinki and was approved by the Institutional Review Board of the 
coordinator site (LIRH Foundation, prot. number 102/14, approved 
in date 28/05/2014); as a consequence, all participants signed an in-
formed consent.

2.6 | Statistical analysis

In order to assess differences in both the motor and functional 
scores, as well as in the PBA-s and cognitive performances at the 
three timepoints, a different one-factor repeated-measure analysis 
of variance (ANOVA) was performed for TMS, TFC, PBA subscales 
(Dep-sc; Ir-sc Ap-sc; Db-sc; Pt-sc), cognitive test (VFT, correct re-
sponse and perseveration; SCR, correct responses; SWR, correct 
responses; SDMT, correct responses) with Time (t0, t1, and t2 time-
point interval) as within factor. Alpha level was fixed to ⩽0.05, and in 
case of significant main effects, post hoc comparisons (Bonferroni's 
multiple comparisons) were carried out. To assess the relationships 
between PBA-s subscale scores and cognitive functions an explora-
tory Pearson's correlation analysis was run using Dep-sc, Ir-sc, Ap-sc, 
Db-sc, Pt-sc, VFT (correct response and perseveration), SCR (correct 
responses), SWR (correct responses), and SDMT (correct responses) 
as dependent variables. The correlation analysis was repeated for 
each of the three timepoints (t0, t1, and t2). Finally, we evaluated 
the potential correlation between the CAG mutation length and all 
cognitive and behavior variables. Alpha level was fixed to ⩽0.05. All 
statistical analyses were performed using IBM SPSS Statistics for 
Macintosh, version 25.0 (IBM Corp).

3  | RESULTS

3.1 | Patient characteristics

Our population of 97 patients included 39 females and 58 males, 
mean age of 48.62 ± 13.1 years (range 26–79 years), education level 
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of 11.82  ±  4.27  years (range 5–18  years), mean age of neurologi-
cal onset manifested at 45.18 ± 12.3 years (range 22–72 years), and 
mean expanded CAG repeat number of 44.32 ± 3.8 (range 40–57 
CAG repeats).

3.2 | Correlation between behavioral and 
cognitive scores

Figure 1 shows the main significant correlation between all cognitive 
scores and apathy and between all cognitive scores and the perse-
veration/obsession domains. Table 1 shows the correlation between 
the cognitive and behavioral scores observed at each timepoint.

At t0, the analysis showed a significant negative correlation 
(p  <  .0001) between Ap-sc and SDMT (r  =  −.54), VFT correct re-
sponses (r = −.55), SWR (r = −.54), and SCR (r = −.5) (Figure 1, panel 
A and B, Table 1a). We also found a significant negative correlation 
(p  <  .0001) between Db-sc and SDMT (r =  −.46), VFT correct re-
sponses (r = −.45), SWR (r = −.5), and SCR (r = −.46). Ir-sc score sig-
nificantly and positively correlated with VFT perseveration errors 
(r = .34; p = .001). Pt-sc significantly and negatively correlated with 
SWR (r = −.21; p = .038).

At t1, the analysis showed a significant negative correlation 
(p <  .0001) between Ap-sc with SDMT (r = −.51), VFT correct re-
sponses (r = −.36), SWR (r = −.43), and SCR (r = −.45). Db-sc showed 
a significant negative correlation (p < .0001) with SDMT (r = −.46), 
VFT correct responses (r = −.37), SWR (r = −.43), and SCR (r = −.47), 
while Pt-sc showed a significant positive correlation with VFT perse-
veration errors (r = .35; p < .0001) (Figure 1, panel C and D, Table 1b).

At the t2, the analysis showed a significant negative correlation 
(p  <  .0001) between Ap-sc and SDMT (r  =  −.55), VFT correct re-
sponses (r = −.52), SWR (r = −.53) and SCR (r = −.54), as well as be-
tween Db-sc and SDMT (r = −.46), VFT correct responses (r = −.44), 
SWR (r = −.45), and SCR (r = −.45; Figure 1, panel E and F, Table 1c).

The statistical significance was not influenced by the CAG mu-
tation size.

3.3 | Motor and functional assay

The TMS significantly changed in dependence of the time, after 2-
year follow-up (F2.188 = 68.32; p < .0001; �2

p
 = 0.42), indicating a TMS 

at t2 (M = 43.67, SD = 22.8) higher than at t1 (M = 38.82, SD = 21.77) 
and then at t0 (M = 34.56, SD = 20.6). Bonferroni's multiple com-
parisons revealed significant differences among all timepoints 

TA B L E  1  Pearson's r (and related level of significance) between behavioral subscales and all cognitive domains at three different 
timepoints. Pearson's r (and related level of significance) between PBA-subscore and SDMT, VTF c.r., VTF pe, SCR, SWR at (a) T0; (b) T1; (c) 
T2

Dep Ir Pt Ap Db

r p r p r p r p r p

(a)

SDMT −.14 .177 −.18 .053 −.18 .082 −.54 .000 −.46 .000

VTF c.r. −.05 .595 −.09 .364 −.15 .152 −.55 .000 −.45 .000

VTF pe .03 .766 .34 .001 .04 .684 .15 .152 .07 .485

SCR −.04 .693 −.13 .194 −.18 .084 −.49 .000 −.46 .000

SWR −.01 .337 −.17 .100 −.21 .039 −.54 .000 −.49 .000

(b)

SDMT −.18 .090 −.09 .407 −.19 .063 −.51 .000 −0.46 .000

VTF c.r. −.14 .181 −.07 .460 −.11 .289 −.36 .000 −0.37 .000

VTF pe −.04 .662 .04 .689 .35 .000 −.01 .98 0.04 .719

SCR −.08 .417 −.08 .437 −.19 .067 −.45 .000 −0.47 .000

SWR −.15 .135 −.05 .625 −.05 .638 −.43 .000 −0.43 .000

(c)

SDMT −.05 .593 −.11 .300 −.15 .139 −.55 .000 −0.46 .000

VTF c.r. .00 .966 −.16 .125 −.19 .064 −.52 .000 −0.44 .000

VTF pe −.08 .439 −.01 .916 .15 .150 .02 .843 −0.04 .705

SCR −.04 .717 −.08 .461 −.21 .053 −.54 .000 −0.45 .000

SWR −.11 .274 −.11 .280 −.16 .115 −.53 .000 −0.45 .000

Abbreviations: Ap, apathy PBA-s subscale; Db, obsessions/perseverative thinking PBA-s subscale; Dep, depressed mood PBA-s subscale; Ir, irritability 
PBA-s subscale; Pt, delusions/paranoid thinking PBA-s subscale; SCR, Stroop Color Reading Test; SDMT, Symbol Digit Modality Test.; SWR, Stroop 
Word Reading Test; VTF c.r., Categorical Verbal Fluency Test. correct responses; VTF pe, Categorical Verbal Fluency Test. Perseverations.
Statistical significance is highlighted in bold.
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(p  <  .0001). The TFC also significantly changed in dependence of 
the time after 2-year follow-up (F2.192 = 71.85; p < .0001; �2

p
 = 0.43), 

indicating a TFC at t2 (M = 7.72, SD = 3.8) lower than at t1 (M = 8.42, 
SD = 3.65) and than at t0 (M = 9.14, SD = 3.25). The post hoc tests 
revealed significant differences between timepoints (p  <  .0001) 
(Table 2).

3.4 | Behavioral assay

The PBA-s scores showed a statistically significant main effect of 
Time only for Dep-sc (F2,192 = 3.34; p =  .038; �2

p
 = 0.034), reveal-

ing a score at t0 (M = 7.08, SD = 5.64) higher than at t1 (M = 6.72, 
SD = 6.2) and than at t2 (M = 5.58, SD = 4.7). The post hoc tests did 
not reveal a significant difference between timepoints (Table 2).

3.5 | Cognitive assay

Regarding the cognitive performance, repeated-measure ANOVA 
showed a statistically significant main effect for Time for VTF cor-
rect responses (F2,190 = 9.8; p < .0001; �2

p
 = 0.093), with scores at t0 

(M = 12.43, SD = 5.7) higher than at t1(M = 12.24, SD = 5.93) and 
than at t2 (M = 11.03, SD = 5.23). With respect to SCR, a significant 
main effect was found for Time (F2,192 = 8.72; p < .0001; �2

p
 = 0.083), 

indicating a better performance at t0 (M = 43.94; SD = 18.72) than 
at t1 (M = 41.22; SD = 19.1) and than at t2 (M = 39.7, SD = 20.7). 
Regarding to SWR, a significant main effect was found for Time 
(F2,192 = 11.9; p < .0001; �2

p
 = 0.11), revealing a better performance at 

t0 (M = 62.04, SD = 26.7) than at t1(M = 58.94, SD = 26.77) and than 
at t2 (M = 55, SD = 28). Finally, with respect to SDMT a significant 
main effect was found for Time (F2,186 = 3.31; p = .04; �2

p
 = 0.034), 

showing a higher accuracy at t0 (M = 21.7, SD = 13.86) than at t1 
(M = 20.32, SD = 14.2) and than at t2 (M = 19.85, SD = 14.66). The 
post hoc analyses were assessed for all cognitive scores; details are 
reported in Table 2.

4  | DISCUSSION

Our cross-sectional, retrospective, and multicenter study describes 
a significant association between UHDRS cognitive scores and the 
score of some specific behavioral changes measured by PBA-s. 
In spite of a significant, time-dependent, worsening of motor and 
functional progression during the 2-year follow-up, the behavioral 
changes remained unpredictable, thus confirming previously re-
ported findings (Eddy et  al.,  2016). However, one original finding 
we describe here is the association between the severity of some 
behavioral changes—that is, the items concerning the apathy and 
the perseveration/obsession symptom scores—and the score of 
cognitive functions worsening. Such correlation was time independ-
ent, thus suggesting a statistical association between the cognitive 
decline and the score of specific behavioral modifications at each 

timepoint. Some other behavioral changes, such as the irritability 
or features of psychosis (i.e., the persecutory behavior), showed a 
transitory correlation only at t0 (irritability and psychosis) and later 
in the course of HD, at t1 (i.e., the psychosis), thus highlighting an in-
constant association between given behavioral and cognitive items. 
However, considering the potential effects of neuroleptics on HD 
progression (Tedroff et al., 2015), whether the effect of pharmaco-
therapy might have played a role by acting against some pattern of 
cognitive and behavioral symptoms, remains to be elucidated.

Even though the etiology of behavioral changes still requires 
additional studies and further confirmation and thus remains un-
clear, the involvement of brain cortical–striatal circuits may po-
tentially explain, at least in part, the high prevalence of behavioral 
manifestations affecting HD patients (van Duijn et  al.,  2007). The 
same cerebral pathways are also implicated in determining different 
cognitive domains, especially the high-level functions, such as the 
executive skills, that are specific abilities needed for complex, goal-
directed, behaviors and for adaptation to environmental changes 
and to the information processing speed (Lezak, 2004). In particu-
lar, the prefrontal cortex, that has reciprocal connections with sub-
cortical brain areas, also represents a multimodal association brain 
cortical region with the task of information processing from various 
sensory modalities and integrates the different cognitive processes 
(Cummings, 1993). Our findings are therefore in line with the recent 
observations showing the clinical association of behavioral man-
ifestations, such as the apathy and the irritability, with abnormal 
executive processes that start to decline since the prodromic HD 
stage of life (Martinez-Horta et al., 2016; Misiura et al., 2019), and 
with striatum abnormalities (Misiura et al., 2019) or with disrupted 
cortical–striatal white-matter tracts (De Paepe et  al.,  2019). It is 
therefore possible that some worsen behavioral scores are related to 
the cognitive decline, especially for it concerns the measures rating 
the executive impairment. It is also possible that both behavioral and 
cognitive patterns mirror a common underlying deficit attributable 
to a dysexecutive syndrome as a consequence of the disrupted brain 
cortical–striatal pathway and connectivity.

Our data are also in line with findings from other neurodegenera-
tive diseases where depression (Rapp et al., 2006), or depression as-
sociated with apathy and agitation (Apostolova & Cummings, 2008), 
were prodromic to the cognitive decline in onset Alzheimer dis-
eases (AD), or where apathetic symptoms correlated with worsen-
ing of memory scores and of executive dysfunction in AD (Robert 
et al., 2006) and in Parkinson disease (PD) (Grossi et al., 2013). All 
together, these observations lend support to the evidence of po-
tential clinical association between some behavioral and cognitive 
pattern of symptoms in neurodegenerative diseases, with obvious 
implications with the impairment of specific cerebral abnormal path-
ways and with social cognitive deficits in most of the patients (Bora 
et al., 2016).

However, our study has limitations. Firstly, we have a small coun-
try and language-specific sample size and we would need prospec-
tive confirmation with larger and multilingual cohorts. Secondly, we 
cannot exclude an effect of drugs, that is, the neuroleptics, although 
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limited by the low doses which were used in our patients. Finally, 
we did not test whether and how the neuropathology contributed 
to the patterns of abnormalities because it was not among the aims 
of our study. Moreover, it would be also interesting to stratify the 
cohort according to age at onset or mutation length to test whether 
juvenile-onset patients may differ in some correlations.

Despite these limitations, our research represents one of the few 
studies stating that cognition and behavior may be directly related 
and may influence each other overtime thus contributing, together, 
to the severity of HD, including the neurological progression and 
the loss of independence. The awareness of a correlation between 
behavioral and cognitive changes has potential obvious implica-
tions with the patients’ quality of life and with clinical and thera-
peutic interventions, including caregivers’ psychoeducational-based 
strategies. Interestingly, this cognitive-behavioral pattern, likely at-
tributable to a dysexecutive syndrome, occurs also in other neuro-
degenerative diseases (i.e., AD and PD) and also contributes to the 
loss of independence in those pathologies (Godefroy et al., 2010).

Recently, composite measures including specific cognitive, motor, 
and functional items have been proposed to track premanifest (Long 
et al., 2017) and manifest HD (Schobel et al., 2017). Such composite 
measures are currently included as major endpoints in some phase-3 
clinical trials, such as the Roche-Genentech Generation-HD1 
with tominersen, an experimental antisense-drug therapy (Tabrizi 
et al., 2019). It would be worth taking into consideration some be-
havioral items, in addition to cognitive, motor, and functional scores, 
in the attempt to propose further composite measures.

5  | CONCLUSION

Our findings highlighted a relationship between some worsen be-
havioral scores (i.e., apathy, obsessive/perseverative symptoms) 
and abnormalities in cognitive functions overtime, suggesting a 
probably common underlying deficit attributable to a dysexecu-
tive syndrome, as a consequence of the frontal–subcortical cerebral 
pathway disruption. Moreover, our findings could be useful also to 
further explore cognitive and behavioral domains to test whether 
their abnormalities may offer new composite measures to improve 
symptoms prediction, to track HD progression, and to highlight po-
tential correlation with neuropathological/imaging brain changes 
during time. Large observational studies, such as the multicenter 
Enroll-HD platform (Landwehrmeyer et al., 2016), together with the 
analysis of new cognitive assessment tools imported by the study of 
other neurodegenerative diseases (Martinez-Horta et al., 2020), may 
represent an opportunity to gain further insight into this devastating 
disease where multidisciplinary care is strongly requested.

ACKNOWLEDG MENTS
We are grateful to all families and patients from the LIRH Foundation 
Network of Huntington disease patients' associations (LIRH-Puglia, 
LIRH-Tuscany, Noi Huntington) for their continuous support to LIRH 
research initiatives.

CONFLIC T OF INTERE S T
All authors declare no conflict of interest. All authors confirm agree-
ment with the final version of the manuscript.

AUTHORS CONTRIBUTION
SM and FS developed the study concept, contributed to the study 
design, and provided data interpretation. SM, SaM, CC, SR, GR, AC, 
and CM performed testing and data collection. GC and GD per-
formed the data analysis and data interpretation. FS drafted the 
original draft. All authors provided revisions and approved the final 
version of the paper for submission.

PEER RE VIE W
The peer review history for this article is available at https://publo​
ns.com/publo​n/10.1002/brb3.2151.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Simone Migliore   https://orcid.org/0000-0002-2665-231X 
Silvia Romano   https://orcid.org/0000-0002-7783-114X 
Caterina Mariotti   https://orcid.org/0000-0003-2405-3564 
Ferdinando Squitieri   https://orcid.org/0000-0002-7397-1727 

R E FE R E N C E S
Apostolova, L. G., & Cummings, J. L. (2008). Neuropsychiatric manifes-

tations in mild cognitive impairment: A systematic review of the lit-
erature. Dementia and Geriatric Cognitive Disorders, 25(2), 115–126. 
https://doi.org/10.1159/00011​2509

Baudic, S., Maison, P., Dolbeau, G., Boissé, M. F., Bartolomeo, P., Dalla 
Barba, G., Traykov, L., & Bachoud-Lévi, A. C. (2006). Cognitive im-
pairment related to apathy in early Huntington's disease. Dementia 
and Geriatric Cognitive Disorders, 21(5–6), 316–321. https://doi.
org/10.1159/00009​1523

Bora, E., Velakoulis, D., & Walterfang, M. (2016). Social cognition in 
Huntington's disease: A meta-analysis. Behavioral Brain Research, 
297, 131–140. https://doi.org/10.1016/j.bbr.2015.10.001

Callaghan, J., Stopford, C., Arran, N., Boisse, M.-F., Coleman, A., Santos, 
R. D., Dumas, E. M., Hart, E. P., Justo, D., Owen, G., Read, J., Say, 
M. J., Durr, A., Leavitt, B. R., Roos, R. A. C., Tabrizi, S. J., Bachoud-
Levi, A.-C., Bourdet, C., van Duijn, E., & Craufurd, D. (2015). 
Reliability and factor structure of the Short Problem Behaviors 
Assessment for Huntington's disease (PBA-s) in the TRACK-HD 
and REGISTRY studies. The Journal of Neuropsychiatry and Clinical 
Neurosciences, 27(1), 59–64. https://doi.org/10.1176/appi.neuro​
psych.13070169

Cummings, J. L. (1993). Frontal-subcortical circuits and human behav-
ior. Archives of Neurology, 50(8), 873–880. https://doi.org/10.1001/
archn​eur.1993.00540​08007​6020

De Paepe, A. E., Sierpowska, J., Garcia-Gorro, C., Martinez-Horta, S., 
Perez-Perez, J., Kulisevsky, J., Rodriguez-Dechicha, N., Vaquer, 
I., Subira, S., Calopa, M., Muñoz, E., Santacruz, P., Ruiz-Idiago, J., 
Mareca, C., de Diego-Balaguer, R. & Camara, E. (2019). White mat-
ter cortico-striatal tracts predict apathy subtypes in Huntington's 
disease. NeuroImage: Clinical, 24, 101965. https://doi.org/10.1016/j.
nicl.2019.101965

https://publons.com/publon/10.1002/brb3.2151
https://publons.com/publon/10.1002/brb3.2151
https://orcid.org/0000-0002-2665-231X
https://orcid.org/0000-0002-2665-231X
https://orcid.org/0000-0002-7783-114X
https://orcid.org/0000-0002-7783-114X
https://orcid.org/0000-0003-2405-3564
https://orcid.org/0000-0003-2405-3564
https://orcid.org/0000-0002-7397-1727
https://orcid.org/0000-0002-7397-1727
https://doi.org/10.1159/000112509
https://doi.org/10.1159/000091523
https://doi.org/10.1159/000091523
https://doi.org/10.1016/j.bbr.2015.10.001
https://doi.org/10.1176/appi.neuropsych.13070169
https://doi.org/10.1176/appi.neuropsych.13070169
https://doi.org/10.1001/archneur.1993.00540080076020
https://doi.org/10.1001/archneur.1993.00540080076020
https://doi.org/10.1016/j.nicl.2019.101965
https://doi.org/10.1016/j.nicl.2019.101965


     |  9 of 10MIGLIORE et al.

Duff, K., Paulsen, J. S., Beglinger, L. J., Langbehn, D. R., Stout, J. C., & 
Predict-HD Investigators of the Huntington Study Group (2007). 
Psychiatric symptoms in Huntington's disease before diagnosis: The 
predict-HD study. Biological Psychiatry, 62(12), 1341–1346. https://
doi.org/10.1016/j.biops​ych.2006.11.034

Duff, K., Paulsen, J. S., Beglinger, L. J., Langbehn, D. R., Wang, C., Stout, 
J. C., Ross, C. A., Aylward, E., Carlozzi, N. E., Queller, S., & Predict-HD 
Investigators of the Huntington Study Group (2010). "Frontal" be-
haviors before the diagnosis of Huntington's disease and their rela-
tionship to markers of disease progression: Evidence of early lack of 
awareness. The Journal of Neuropsychiatry and Clinical Neurosciences, 
22(2), 196–207. https://doi.org/10.1176/jnp.2010.22.2.196

Eddy, C. M., Parkinson, E. G., & Rickards, H. E. (2016). Changes in mental 
state and behaviour in Huntington's disease. The Lancet Psychiatry, 
3(11), 1079–1086. https://doi.org/10.1016/S2215​-0366(16)30144​
-4

Eddy, C. M., & Rickards, H. E. (2015). Theory of mind can be impaired 
prior to motor onset in Huntington's disease. Neuropsychology, 29(5), 
792–798. https://doi.org/10.1037/neu00​00190

Fusilli, C., Migliore, S., Mazza, T., Consoli, F., De Luca, A., Barbagallo, G., 
Ciammola, A., Gatto, E. M., Cesarini, M., Etcheverry, J. L., Parisi, V., 
Al-Oraimi, M., Al-Harrasi, S., Al-Salmi, Q., Marano, M., Vonsattel, 
J.-P.-G., Sabatini, U., Landwehrmeyer, G. B., & Squitieri, F. (2018). 
Biological and clinical manifestations of juvenile Huntington's dis-
ease: A retrospective analysis. The Lancet Neurology, 17(11), 986–
993. https://doi.org/10.1016/S1474​-4422(18)30294​-1

Godefroy, O., Azouvi, P., Robert, P., Roussel, M., LeGall, D., Meulemans, 
T., & Groupe de Réflexion sur l'Evaluation des Fonctions Exécutives 
Study Group (2010). Dysexecutive syndrome: Diagnostic criteria and 
validation study. Annals of Neurology, 68(6), 855–864. https://doi.
org/10.1002/ana.22117

Grossi, D., Santangelo, G., Barbarulo, A. M., Vitale, C., Castaldo, G., 
Proto, M., Siano, P., & Barone, P. & Trojano, L. (2013). Apathy and re-
lated executive syndromes in dementia associated with Parkinson's 
disease and in Alzheimer's disease. Behavioural Neurology, 27(4), 515–
522. https://doi.org/10.3233/BEN-129023

Kingma, E. M., van Duijn, E., Timman, R., van der Mast, R. C., & Roos, R. 
A. (2008). Behavioural problems in Huntington's disease using the 
Problem Behaviours Assessment. General Hospital Psychiatry, 30(2), 
155–161. https://doi.org/10.1016/j.genho​sppsy​ch.2007.11.005

Landwehrmeyer, G. B., Fitzer-Attas, C. J., Giuliano, J. D., Gonçalves, N., 
Anderson, K. E., Cardoso, F., Ferreira, J. J., Mestre, T. A., Stout, J. C., 
& Sampaio, C. (2016). Data Analytics from Enroll-HD, a global clini-
cal research platform for Huntington's disease. Movement Disorders 
Clinical Practice, 4(2), 212–224. https://doi.org/10.1002/mdc3.12388

Lezak, M. D. (2004). Neuropsychological assessment. Oxford University 
Press.

Long, J. D., Mills, J. A., Leavitt, B. R., Durr, A., Roos, R. A., Stout, J. C., 
Reilmann, R., Landwehrmeyer, B., Gregory, S., Scahill, R. I., Langbehn, 
D. R., Tabrizi, S. J., & Track-HD and Track-On Investigators (2017). 
Survival End Points for Huntington disease trials prior to a motor diag-
nosis. JAMA Neurology, 74(11), 1352–1360. https://doi.org/10.1001/
jaman​eurol.2017.2107

Marder, K., Zhao, H., Myers, R. H., Cudkowicz, M., Kayson, E., Kieburtz, 
K., Orme, C., Paulsen, J., Penney, J. B., Siemers, E., & Shoulson, 
I. (2000). Rate of functional decline in Huntington's disease. 
Huntington Study Group. Neurology, 54(2), 452–458. https://doi.
org/10.1212/wnl.54.2.452

Martinez-Horta, S., Horta-Barba, A., Perez-Perez, J., Sampedro, F., 
de Lucia, N., De Michele, G., Kehrer, S., Priller, J., Migliore, S., 
Squitieri, F., Castaldo, A., Mariotti, C., Mañanes, V., Lopez-Sendon, 
J. L., Rodriguez, N., Martinez-Descals, A., Garcia-Ruiz, P., Júlio, F., 
Januário, C., … Cognitive Phenotype Working Group of the European 
Huntington’s Disease Network (2020). Utility of the Parkinson's 
disease-cognitive rating scale for the screening of global cognitive 

status in Huntington's disease. Journal of Neurology, 267(5), 1527–
1535. https://doi.org/10.1007/s0041​5-020-09730​-6

Martinez-Horta, S., Perez-Perez, J., van Duijn, E., Fernandez-Bobadilla, 
R., Carceller, M., Pagonabarraga, J., Pascual-Sedano, B., Campolongo, 
A., Ruiz-Idiago, J., Sampedro, F., Landwehrmeyer, G. B., Spanish 
REGISTRY investigators of the European Huntington's Disease 
Network, & Kulisevsky, J. (2016). Neuropsychiatric symptoms are 
very common in premanifest and early stage Huntington's dis-
ease. Parkinsonism & Related Disorders, 25, 58–64. https://doi.
org/10.1016/j.parkr​eldis.2016.02.008

Migliore, S., D'Aurizio, G., Curcio, G., & Squitieri, F. (2019). Task-switching 
abilities in pre-manifest Huntington's disease subjects. Parkinsonism 
& Related Disorders, 60, 111–117. https://doi.org/10.1016/j.parkr​
eldis.2018.09.007

Misiura, M. B., Ciarochi, J., Vaidya, J., Bockholt, J., Johnson, H. J., Calhoun, 
V. D., Paulsen, J. S., Turner, J. A., & PREDICT-HD Investigators & 
Working Group (2019). Apathy is related to cognitive control and 
striatum volumes in prodromal Huntington's disease. Journal of 
the International Neuropsychological Society: JINS, 25(5), 462–469. 
https://doi.org/10.1017/S1355​61771​9000067

Pascu, A. M., Ifteni, P., Teodorescu, A., Burtea, V., & Correll, C. U. (2015). 
Delayed identification and diagnosis of Huntington's disease due to 
psychiatric symptoms. International Journal of Mental Health Systems, 
9, 33. https://doi.org/10.1186/s1303​3-015-0026-6

Rapp, M. A., Schnaider-Beeri, M., Grossman, H. T., Sano, M., Perl, D. P., 
Purohit, D. P., Gorman, J. M., & Haroutunian, V. (2006). Increased hip-
pocampal plaques and tangles in patients with Alzheimer disease with 
a lifetime history of major depression. Archives of General Psychiatry, 
63(2), 161–167. https://doi.org/10.1001/archp​syc.63.2.161

Reilmann, R., Leavitt, B. R., & Ross, C. A. (2014). Diagnostic criteria for 
Huntington's disease based on natural history. Movement Disorders: 
Official Journal of the Movement Disorder Society, 29(11), 1335–1341. 
https://doi.org/10.1002/mds.26011

Robert, P. H., Berr, C., Volteau, M., Bertogliati, C., Benoit, M., Sarazin, 
M., Legrain, S., Dubois, B., & PréAL Study (2006). Apathy in patients 
with mild cognitive impairment and the risk of developing dementia 
of Alzheimer's disease: A one-year follow-up study. Clinical Neurology 
and Neurosurgery, 108(8), 733–736. https://doi.org/10.1016/j.cline​
uro.2006.02.003

Schobel, S. A., Palermo, G., Auinger, P., Long, J. D., Ma, S., Khwaja, O. S., 
Trundell, D., Cudkowicz, M., Hersch, S., Sampaio, C., Dorsey, E. R., 
Leavitt, B. R., Kieburtz, K. D., Sevigny, J. J., Langbehn, D. R., Tabrizi, S. 
J., & TRACK-HD, COHORT, CARE-HD, and 2CARE Huntington Study 
Group Investigators (2017). Motor, cognitive, and functional declines 
contribute to a single progressive factor in early HD. Neurology, 
89(24), 2495–2502. https://doi.org/10.1212/WNL.00000​00000​
004743

Smith, M. M., Mills, J. A., Epping, E. A., Westervelt, H. J., Paulsen, J. S. & 
PREDICT-HD Investigators of the Huntington Study Group (2012). 
Depressive symptom severity is related to poorer cognitive perfor-
mance in prodromal Huntington disease. Neuropsychology, 26(5), 
664–669. https://doi.org/10.1037/a0029218

Stout, J. C., Paulsen, J. S., Queller, S., Solomon, A. C., Whitlock, K. B., 
Campbell, J. C., Carlozzi, N., Duff, K., Beglinger, L. J., Langbehn, D. R., 
Johnson, S. A., Biglan, K. M., & Aylward, E. H. (2011). Neurocognitive 
signs in prodromal Huntington disease. Neuropsychology, 25(1), 1–14. 
https://doi.org/10.1037/a0020937

Tabrizi, S. J., Leavitt, B. R., Landwehrmeyer, G. B., Wild, E. J., Saft, C., 
Barker, R. A., Blair, N. F., Craufurd, D., Priller, J., Rickards, H., Rosser, 
A., Kordasiewicz, H. B., Czech, C., Swayze, E. E., Norris, D. A., 
Baumann, T., Gerlach, I., Schobel, S. A., Paz, E. … Phase 1–2a IONIS-
HTTRx Study Site Teams, (2019). Targeting Huntingtin expression 
in patients with Huntington's disease. The New England Journal of 
Medicine, 380(24), 2307–2316. https://doi.org/10.1056/NEJMo​
a1900907

https://doi.org/10.1016/j.biopsych.2006.11.034
https://doi.org/10.1016/j.biopsych.2006.11.034
https://doi.org/10.1176/jnp.2010.22.2.196
https://doi.org/10.1016/S2215-0366(16)30144-4
https://doi.org/10.1016/S2215-0366(16)30144-4
https://doi.org/10.1037/neu0000190
https://doi.org/10.1016/S1474-4422(18)30294-1
https://doi.org/10.1002/ana.22117
https://doi.org/10.1002/ana.22117
https://doi.org/10.3233/BEN-129023
https://doi.org/10.1016/j.genhosppsych.2007.11.005
https://doi.org/10.1002/mdc3.12388
https://doi.org/10.1001/jamaneurol.2017.2107
https://doi.org/10.1001/jamaneurol.2017.2107
https://doi.org/10.1212/wnl.54.2.452
https://doi.org/10.1212/wnl.54.2.452
https://doi.org/10.1007/s00415-020-09730-6
https://doi.org/10.1016/j.parkreldis.2016.02.008
https://doi.org/10.1016/j.parkreldis.2016.02.008
https://doi.org/10.1016/j.parkreldis.2018.09.007
https://doi.org/10.1016/j.parkreldis.2018.09.007
https://doi.org/10.1017/S1355617719000067
https://doi.org/10.1186/s13033-015-0026-6
https://doi.org/10.1001/archpsyc.63.2.161
https://doi.org/10.1002/mds.26011
https://doi.org/10.1016/j.clineuro.2006.02.003
https://doi.org/10.1016/j.clineuro.2006.02.003
https://doi.org/10.1212/WNL.0000000000004743
https://doi.org/10.1212/WNL.0000000000004743
https://doi.org/10.1037/a0029218
https://doi.org/10.1037/a0020937
https://doi.org/10.1056/NEJMoa1900907
https://doi.org/10.1056/NEJMoa1900907


10 of 10  |     MIGLIORE et al.

Tabrizi, S. J., Scahill, R. I., Owen, G., Durr, A., Leavitt, B. R., Roos, R. A., 
Borowsky, B., Landwehrmeyer, B., Frost, C., Johnson, H., Craufurd, 
D., Reilmann, R., Stout, J. C., Langbehn, D. R., & TRACK-HD 
Investigators (2013). Predictors of phenotypic progression and dis-
ease onset in premanifest and early-stage Huntington's disease in 
the TRACK-HD study: Analysis of 36-month observational data. The 
Lancet Neurology, 12(7), 637–649. https://doi.org/10.1016/S1474​
-4422(13)70088​-7

Tedroff, J., Waters, S., Barker, R. A., Roos, R., Squitieri, F., & EHDN 
Registry Study Group (2015). Antidopaminergic medication is asso-
ciated with more rapidly progressive Huntington's disease. Journal 
of Huntington's Disease, 4(2), 131–140. https://doi.org/10.3233/
JHD-150143

Thompson, J. C., Snowden, J. S., Craufurd, D., & Neary, D. (2002). 
Behavior in Huntington's disease: Dissociating cognition-based and 
mood-based changes. The Journal of Neuropsychiatry and Clinical 
Neurosciences, 14(1), 37–43. https://doi.org/10.1176/jnp.14.1.37

Unified Huntington's Disease Rating Scale (1996). Unified Huntington's 
disease rating scale: Reliability and consistency. Huntington Study 
Group. Movement Disorders: Official Journal of the Movement Disorder 
Society, 11(2), 136–142. https://doi.org/10.1002/mds.87011​0204

van Duijn, E., Kingma, E. M., & van der Mast, R. C. (2007). Psychopathology 
in verified Huntington's disease gene carriers. The Journal of 

Neuropsychiatry and Clinical Neurosciences, 19(4), 441–448. https://
doi.org/10.1176/jnp.2007.19.4.441

Yamamoto, A., Lucas, J. J., & Hen, R. (2000). Reversal of neuropathol-
ogy and motor dysfunction in a conditional model of Huntington's 
disease. Cell, 101(1), 57–66. https://doi.org/10.1016/S0092​
-8674(00)80623​-6

You, S. C., Geschwind, M. D., Sha, S. J., Apple, A., Satris, G., Wood, K. A., 
Johnson, E. T., Gooblar, J., Feuerstein, J. S., Finkbeiner, S., Kang, G. A., 
Miller, B. L., Hess, C. P., Kramer, J. H. & Possin, K. L. (2014). Executive 
functions in premanifest Huntington's disease. Movement Disorders: 
Official Journal of the Movement Disorder Society, 29(3), 405–409. 
https://doi.org/10.1002/mds.257

How to cite this article: Migliore S, D’Aurizio G, Maffi S, et al. 
Cognitive and behavioral associated changes in manifest 
Huntington disease: A retrospective cross-sectional study. 
Brain Behav. 2021;00:e02151. https://doi.org/10.1002/
brb3.2151

https://doi.org/10.1016/S1474-4422(13)70088-7
https://doi.org/10.1016/S1474-4422(13)70088-7
https://doi.org/10.3233/JHD-150143
https://doi.org/10.3233/JHD-150143
https://doi.org/10.1176/jnp.14.1.37
https://doi.org/10.1002/mds.870110204
https://doi.org/10.1176/jnp.2007.19.4.441
https://doi.org/10.1176/jnp.2007.19.4.441
https://doi.org/10.1016/S0092-8674(00)80623-6
https://doi.org/10.1016/S0092-8674(00)80623-6
https://doi.org/10.1002/mds.257
https://doi.org/10.1002/brb3.2151
https://doi.org/10.1002/brb3.2151

