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Background: Huntington’s disease is a progressive neurodegenerative disorder that results in deterioration
and atrophy of various brain regions.
Aim: To assess the functional connectivity between prefrontal brain regions in patients with Huntington’s
disease, compared with normal controls, using functional magnetic resonance imaging.
Patients and methods: 20 patients with Huntington’s disease and 17 matched controls performed a Simon
task that is known to activate lateral prefrontal and anterior cingulate cortical regions. The functional
connectivity was hypothesised to be impaired in patients with Huntington’s disease between prefrontal
regions of interest, selected from both hemispheres, in the anterior cingulate and dorsal lateral prefrontal
cortex.
Results: Controls showed a dynamic increase in interhemispheric functional connectivity during task
performance, compared with the baseline state; patients with Huntington’s disease, however, showed no such
increase in prefrontal connectivity. Overall, patients with Huntington’s disease showed significantly impaired
functional connectivity between anterior cingulate and lateral prefrontal regions in both hemispheres
compared with controls. Furthermore, poor task performance was predicted by reduced connectivity in
patients with Huntington’s disease between the left anterior cingulate and prefrontal regions.
Conclusions: This finding represents a loss of synchrony in activity between prefrontal regions in patients with
Huntington’s disease when engaged in the task, which predicted poor task performance. Results show that
functional interactions between critical prefrontal regions, necessary for cognitive performance, are
compromised in Huntington’s disease. It is speculated whether significantly greater levels of activation in
patients with Huntington’s disease (compared with controls) observed in several brain regions partially
compensate for the otherwise compromised interactions between cortical regions.

H
untington’s disease is a progressive autosomal dominant
neurodegenerative disorder that leads to dementia and
death about 15–20 years from diagnosis.1 2 Patients with

Huntington’s disease are impaired in cognitive, emotional and
motor functioning, and develop chorea.3 Clinical onset is
typically around 35–44 years of age. Although various sub-
cortical and cortical regions have been identified in the
neuropathology of Huntington’s disease, we still do not
understand the functional connectivity between regions and
how this may change with deterioration over time. Functional
magnetic resonance imaging (fMRI) provides a method by
which functional connectivity, or interactions between dis-
parate brain regions, can be examined.

Huntington’s disease results in neurodegeneration and
atrophy of several brain regions including the striatum,4

anterior cingulate, lateral prefrontal and parietal regions.5

These cortical regions are all connected with the striatum
(caudate and putamen) via parallel partially overlapping
corticostriatal circuits.6 In Huntington’s disease, it is widely
believed that the frontal associative and motor circuits are
disrupted, with loss of neurones in the striatum contributing to
the cognitive and motor dysfunctions.7 8 Executive functions
are also compromised, most probably owing to loss of
connections between the caudate and frontal lobes9 as well as
the limbic circuit involving the anterior cingulate.10

Although previous studies have shown specific impairment
of parts of these circuits in Huntington’s disease, changes in the
functional connectivity or interactions between prefrontal
circuits remain unclear. Functional brain imaging methods,
such as fMRI, have disclosed specific changes in prefrontal

cortical function during cognitive task performance in sympto-
matic and presymptomatic patients with Huntington’s dis-
ease.10 11 In particular, Paulsen et al10 reported relative
hyperactivation in prefrontal regions in presymptomatic
patients with Huntington’s disease compared with controls,
which they suggest may compensate for striatal degeneration.
However, no fMRI study has examined the functional interac-
tions between prefrontal cortical areas in Huntington’s disease.

Interactions between brain regions can be measured as
functional connectivity,12 defined as correlations of fMRI blood-
oxygen level-dependent (BOLD) signal responses between
brain regions.13 Functional connectivity identifies regions that
are synchronously active independent of task manipulations. In
contrast with fMRI activation studies, which focus only on
activation within individual brain regions, functional connec-
tivity can determine inter-regional relationships.14 Measuring
connectivity in this way is useful when assessing brain regional
pathology in Huntington’s disease, as the connections between
disparate regions may be impaired owing to loss of function
from neuronal cell death.15 Indeed, previous studies of
functional connectivity in progressive and neurodegenerative
conditions, such as Alzheimer’s and Parkinson’s diseases,

Abbreviations: BOLD, blood-oxygen level-dependent; CAG, cytosine–
adenine–guanine; fMRI, functional magnetic resonance imaging; LAC, left
anterior cingulate cortex; LPF, left prefrontal cortex; MRI, magnetic
resonance image; RAC, right anterior cingulate cortex; ROI, region of
interest; RPF, right prefrontal cortex; UHDRS, Unified Huntington’s Disease
Rating Scale

127

www.jnnp.com



typically show reduced connectivity in patients, providing
additional insight into brain regional pathology.16 17

This study aimed to examine functional connectivity within
the prefrontal cortex in symptomatic patients with
Huntington’s disease compared with controls. We used fMRI
to examine functional connectivity during the performance of a
Simon task, which we have previously shown to discriminate
patients with Huntington’s disease and controls behaviou-
rally.18

The Simon task is a cognitive interference task involving
spatially congruent compared with incongruent stimulus–
response mappings and has been shown to involve activation
of frontostriatal brain regions, particularly lateral prefrontal
cortex and anterior cingulate areas, as well as the inferior
parietal cortex.19 In an fMRI study, we report that the Simon
task shows differential increased patterns of BOLD activation in
patients with Huntington’s disease compared with controls
(Georgiou-Karistianis et al, submitted for publication) in the
anterior cingulate and lateral prefrontal regions; these regions
will therefore form the regions of interest (ROI) for this study.
Indeed, other studies have also reported increased patterns of
activation during learning tasks in presymptomatic patients
with Huntington’s disease.20 In this study, we examined
functional connectivity between anterior cingulate and lateral
prefrontal cortical regions, and hypothesised that patients with
Huntington’s disease would show impaired functional con-
nectivity between these regions owing to the known prefrontal
pathology associated with this disease.

METHODS
Participants
In all, 20 patients with Huntington’s disease (mean (standard
deviation (SD)) age 47.9 (7.7) years, range 36–63 years) and 17
controls (mean (SD) age 49.7 (7.3) years, range 37–62 years)
were recruited. The patients’ duration of illness ranged from 1
to 11 years with CAG repeat length ranging from 36 to 51
(mean (SD) 43.4 (3.4)), thus representing a heterogeneous
group. The duration of illness for each patient with
Huntington’s disease was determined as the period between
initial symptoms as determined retrospectively by the treating
clinician to the time when they were scanned. For patients with
Huntington’s disease, a measure that is used to investigate the
influence of varying CAG repeats on brain function, corrected
for age, was calculated using the equation21

CAG index = age6(CAG235.5).

This measure reflects the severity of Huntington’s disease as
it has been found to correlate with bicaudate diameter ratio and
scores of symptom severity.22 In this study, the CAG index
ranged from 29.5 to 666.5 (mean (SD) 363 (136)). The controls
had no history of a neurological or psychiatric disorder. All
patients had normal or corrected to normal vision, and all but
one were right handed. A neurologist (AC) or neuropsychiatrist
(PC) administered the motor subscale of the Unified
Huntington’s Disease Rating Scale (UHDRS)23 to assess current
motor symptom severity. The patients’ UHDRS motor scores
ranged from 8 to 55 (mean (SD) 23.1 (13.7)). Three patients
were not receiving any drugs. The other 17 patients were using
one or more of antidepressants, antipsychotics or mood
stabilisers, with one patient on a cholesterol-lowering agent.
The Mini-Mental State Examination24 was used to assess
cognitive decline, the National Adult Reading Test25 was used
to assess estimated premorbid IQ and the Beck Depression
Inventory26 was administered to assess depressive symptoms
(often observed in Huntington’s disease). One-way analysis of
variance showed no significant group differences in estimated

IQ (f1,31 = 2.85, p = 0.10). However, the Huntington’s disease
group had significantly higher Beck Depression Inventory
scores (f1,34 = 9.99, p,0.005) and significantly lower Mini-
Mental State Examination scores (f1,33 = 10.26, p,0.005;
table 1), although scores were within the normal range. This
study was approved by the Human Research Ethics Committees
of Monash University and the Howard Florey Institute, Victoria,
Australia, and written consent was obtained from all partici-
pants.

Experimental paradigm
During MRI scanning, participants viewed stimuli projected on
to a screen at the foot of the MRI scanner bed via a mirror
mounted inside the scanner head coil. Participants held a
button box in each hand and were required to respond to
stimuli by pressing left or right buttons. The Simon task
consisted of single arrows presented either on the left or right of
the display and pointing either to the left or the right (fig 1).
The participant’s task was simply to press the button on the
side to which the arrow was pointing. Congruent trials involved
left-positioned arrows pointing left and right-positioned arrows
pointing right. Incongruent trials involved arrows positioned on
the right pointing to the left (requiring a left-hand response)
and arrows positioned on the left pointing to the right
(requiring a right-hand response), so the spatial location of
the stimulus and the side of response were incongruent. Each
arrow was presented for 2500 ms, followed by a 500 ms
duration blank screen. Participants’ response times were
recorded from the onset of stimulus presentation to the
button-press response. Errors consisting of the wrong side of
response were also recorded. Participants were instructed to
respond as quickly and as accurately as possible. The
participants were given a break in between sessions to
minimise effects of fatigue or boredom.

Throughout MRI scanning, performance of the Simon task
was alternated with a baseline condition in a blocked-design
fMRI paradigm. The baseline condition consisted of two
horizontal lines presented concurrently to the left and right of
fixation. Participants were required to maintain fixation but not
make any button-press response during baseline trials. Each
participant completed four MRI measurement series of
approximately 8 min each. Each session started with a baseline
block (four trials: 12 s duration) followed by a task block (six
trials: 18 s duration), and continued with 16 alternating
baseline/task blocks in total (96 congruent and 96 incongruent
trials per session). Over all four sessions, each participant

Table 1 Demographic and clinical data for controls and
patients with Huntington’s disease

Controls Patients with HD

Male/female 15/2 19/1
Age (years) 49.7 (7.3) 47.9 (7.7)
UHDRS — 23.1 (13.7)
Duration of illness (years) — 5.4 (3.6)
CAG repeats — 43.4 (3.4)
CAG index — 363 (136)
MMSE 29.2 (1.3) 27.1 (2.4)
IQ 119 (6.1) 115.5 (6.1)
BDI 1.5 (1.7) 6.9 (6.9)

–, test not administered; BDI, Beck Depression Inventory score (maximum
score 63, normal range 0–9); CAG, cytosine–adenine–guanine;
HD, Huntington’s disease; IQ, estimated full-scale IQ calculated from
National Adult Reading Test error score; MMSE, Mini-Mental State
Examination score (maximum score 30); UHDRS, motor subscale score from
the Unified Huntington’s Disease Rating Scale.
Values are mean (SD).
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performed a total of 192 congruent and 192 incongruent trials,
randomly mixed within blocks.

Data acquisit ion and analysis
A 3.0 T GE Signa whole-body scanner (General Electrics,
Milwaukee, WI, USA) was used to record gradient-echo echo-
planar images (TR = 3000 ms, TE = 40 ms, FA = 60 ,̊
FOV = 24 cm, matrix size 1286128). To cover the entire brain,
25 transaxial slices with a slice thickness of 5.0 mm and a gap
of 0.5 mm were acquired. T2-weighted and T1-weighted
anatomical images were also acquired. All image processing
and analysis was performed using SPM2 (Wellcome
Department of Imaging Neuroscience, London, UK). Firstly,
all images within each measurement series were realigned to
the first image to correct for participant’s head motion during
acquisition. The mean functional image for each participant
was then coregistered to their own T2-weighted anatomical
image, and the T2-weighted image was spatially normalised to
the SPM2 template image (reference brain of the Montreal
Neurological Institute, in approximate Talairach coordinate
space). A combined normalisation matrix was then applied to
all functional images for each participant, resulting in resliced
images with voxel size 26262 mm3. Images were then spatially
smoothed using an 86868 mm3 isotropic gaussian kernel.

Head motion for 35 participants was ,1.5 mm translation
and ,2˚ rotation. Two participants showed between 1.5 and
2 mm translation. Individually examining head motion over
time in each participant showed no task-correlated motion.

For statistical analysis of task-related activation patterns, the
Simon task condition (congruent and incongruent combined)
alternating with baseline was modelled, together with head
motion correction parameters, in a general linear model
analysis. Independent t tests were used to identify regions
showing significant differences in activation in patients with
Huntington’s disease compared with controls. Activation
results associated with this task will be published separately10

(Georgiou-Karistianis et al, submitted for publication). The
purpose of the statistical analysis described here was to
functionally localise ROI in the prefrontal cortex, as regions
showing differences in task-related activation, for examination
of prefrontal functional connectivity.

ROI selection
Statistical activation maps showed that, overall, patients with
Huntington’s disease recruited a larger number of cortical areas
than controls to perform the Simon task (fig 2). Hence, the
patients with Huntington’s disease showed significantly greater
activation than controls bilaterally in the caudal anterior
cingulate gyrus, right dorsal premotor cortex, right inferior
frontal gyrus, left middle frontal gyrus, and left superior
parietal lobule. As our aim was to examine prefrontal
connectivity, we selected peak voxels from these activation
results within the anterior cingulate (left/right: coordinates

(mm) ¡10, 38, 22) and lateral prefrontal regions on the border
of inferior and middle frontal gyri (left/right: coordinates (mm)
¡38, 44, 16) to model prefrontal functional connectivity (fig 3).
ROIs were defined as 6 mm diameter spheres centred on the
selected peak voxels.

Functional connectivity analysis
Mean time courses, averaged across all voxels within each ROI,
were calculated for each participant. These time courses were
then detrended and mean centred. All scans occurring only
during Simon task blocks, excluding the first two scans for each
block to allow for the haemodynamic response delay, were
concatenated and used for analysis of functional connectivity
during the task state. Similarly, all scans occurring during the
baseline condition, excluding the first two scans for each block,
were concatenated and used to examine functional connectivity
during the baseline state. Functional connectivity was then
calculated as the correlation between time courses for each pair
of prefrontal ROIs (fig 3). These correlations were tested for
significance at pcorrected,0.05 (one-tailed test), using
Bonferroni’s correction for multiple comparisons. To compare
correlations between task and baseline states, and between
patients with Huntington’s disease and controls, correlation
coefficients were transformed to z scores using Fisher’s z
transformation. z Scores for the differences between task and
baseline states, and between patients with Huntington’s
disease and controls were then calculated.27

RESULTS
Behavioural performance
Behavioural performance on the Simon task for Huntington’s
disease and control groups was assessed using Mann–Whitney
U tests to examine differences between groups and Wilcoxon
signed rank tests to compare conditions within groups.
Reaction times were significantly slower overall for patients
with Huntington’s disease (mean (SD) 923 (237) ms) com-
pared with controls (738 (109) ms; z = –3.22, p,0.005),
whereas incongruency effects (reaction time differences for
incongruent compared with congruent stimuli) were not
significantly different between groups (z = –0.81, p = 0.42).
The number of errors was also significantly greater for patients
with Huntington’s disease (mean (SD) 2.1 (3.7)) compared
with controls (0.5 (0.7); z = –2.48, p,0.05), whereas incon-
gruency effects (error differences for incongruent compared
with congruent stimuli) did not differ between the groups
(z = –1.05, p = 0.30). These results have also been included in
our other paper (Georgiou-Karistianis et al, submitted for
publication).

Functional connectivity
Significant functional connectivity was found between most
regions during both baseline and task states for both
Huntington’s disease and control groups. Greatest correlations
(ie, maximum functional connectivity) were always found
between the left and right anterior aingulate cortex (path a,
right anterior cingulate cortex (RAC)–left anterior cingulate
cortex (LAC); 0.67,r,0.74, pcorrected,0.001). We found no
significant correlation between left and right prefrontal cortex
regions (path e, left prefrontal cortex (LPF)–right prefrontal
cortex (RPF)) for either group (–0.13,r,–0.03, pcor-

rected.0.05), and correlation between the right anterior
cingulate cortex and left prefrontal cortex (path c, RAC–LPF)
showed only a low level of correlation during the task for
controls and during both conditions for the Huntington’s
disease group (0.09,r,0.18, pcorrected,0.05). All other connec-
tions between anterior cingulate cortex and prefrontal cortex

Congruent

Incongruent

Baseline

or

or

Figure 1 The Simon task stimuli. Participants respond by pressing a left or
right button according to the direction of the arrowhead. The spatial
location of the arrow stimulus and the side of response are either congruent
(top) or incongruent (middle). A baseline condition (bottom) involves no
congruency effect and requires no response.
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regions showed significant correlation for both conditions and
both subject groups (r.0.20, pcorrected,0.01; table 2).

Figure 4 shows the regional changes in functional connec-
tivity between baseline and task conditions, and differences
between controls and patients with Huntington’s disease. For

controls, interhemispheric connections between the anterior
cingulate cortex and prefrontal cortex (path c, RAC–LPF; and
path d, LAC–RPF) increased significantly during task perfor-
mance compared with the baseline state (z.4.16, p,0.001). By
contrast, patients with Huntington’s disease showed no

_4 8

60

3 7

36

28

Figure 2 Activation maps for patients with Huntington’s disease compared with those of controls. Patients with Huntington’s disease show more task-related
activation compared with controls during performance of the Simon task. Axial slices corresponding to z = –4, 8, 28, 36 and 60 mm are shown.

Lateral prefrontal (38, 44, 16)

Anterior cingulate (10, 38, 22)

LPF

LAC RAC

RPF

Functional connectivity

Figure 3 Regions of interest (ROI) were selected in equivalent left and right hemispheric regions of the lateral prefrontal cortex (LPF and RPF) and the
anterior cingulate cortex (LAC and RAC). A functional connectivity model (top right), including all pairwise correlations between the prefrontal ROI, was
examined.
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increases in functional connectivity during the task compared
with the baseline state, but showed a small decrease in
functional connectivity of the LAC to the LPF (z = 3.10,
p,0.05).

Consequently, when directly comparing functional connec-
tivity during task performance for controls and patients with
Huntington’s disease (fig 4B), patients with Huntington’s
disease showed significantly reduced interhemispheric func-
tional connectivity between LAC and RAC regions and reduced
intrahemispheric connectivity between the anterior cingulate
and prefrontal cortex in both left and right hemispheres (paths
a, b, e; z.2.15, p,0.05). Conversely, patients with
Huntington’s disease showed greater functional connectivity
between the RAC and LPF cortex compared with controls (path
c; z = 3.28, p,0.05), although the actual degree of functional
connectivity along this path was very small (0.09,r,0.16;
fig 5).

We further assessed the variability of functional connectivity
along the connection paths in which patients with
Huntington’s disease showed reduced connectivity compared
with controls (ie, LPF–LAC, LAC–RAC and RAC–RPF).

Variability in functional connectivity during task performance
was clearly greater in patients with Huntington’s disease than
in controls (SDs, fig 5). To explain this variance across patients
with Huntington’s disease, we further correlated functional
connectivity during task performance with clinical measures
(age, depression (Beck Depression Inventory), severity of
Huntington’s disease (CAG index)) and behavioural perfor-
mance measures (reaction times and errors) using Spearman’s
rank correlation. Significant correlations were found only for
the patients with Huntington’s disease along the path LPF–
LAC, in which LPF–LAC connectivity was negatively correlated
with overall reaction time (r = –0.51, p,0.05) and with overall
number of errors (r = –0.60, p,0.01). This indicates that, in
patients with Huntington’s disease, reduced connectivity
between LPF and LAC during task performance was associated
with longer reaction times and more frequent errors.

DISCUSSION
During a spatial-incongruency Simon task, we were able to
perform a series of correlations to assess the functional
connectivity between prefrontal brain regions—namely, the
anterior cingulate and LPF, in patients with Huntington’s
disease compared with controls. Overall, we found significant
functional connectivity, representing significant inter-regional
interactions, between all prefrontal ROIs, except for the
connection between LPF and RPF regions. This represents a
high degree of connectivity and interaction between regions
within the prefrontal cortex.

During performance of the Simon task, compared with
baseline, controls showed increased interhemispheric func-
tional connectivity between the anterior cingulate and con-
tralateral lateral prefrontal regions. This represents a greater
interhemispheric coupling between the medial and lateral
prefrontal regions during performance of the Simon task.
Previous studies have similarly shown such dynamic coupling
between prefrontal cortical regions associated with cognitive
task performance.28–31 The same pattern, however, was not
observed in patients with Huntington’s disease who showed no
additional coupling, or increased functional connectivity,
between prefrontal ROI during task performance. Rather, at
an intrahemispheric level, patients with Huntington’s disease
showed a decrease in correlation between the left anterior
cingulate and left lateral prefrontal regions, the level of which
was associated with poorer task performance.

Crucially, this decrease in connectivity occurred despite the
fact that these same prefrontal regions showed significantly
increased BOLD activation during task performance in the
patients with Huntington’s disease compared with controls.
Results suggest that, even though anterior cingulate and lateral
prefrontal regions were activated as expected during cognitive
task performance, patients with Huntington’s disease failed to
dynamically increase coupling between prefrontal regions. In

Table 2 Simon task condition correlation coefficients, representing functional connectivity
during task scans along each path between left and right prefrontal cortex and left and right
anterior cingulate cortex regions

Connection Control HD

RAC–LAC 0.73* 0.67* Control . HD *
RAC–RPF 0.52* 0.37* Control . HD *
RAC–LPF 0.09* 0.16* HD . Control *
LAC–RPF 0.32* 0.31*
LAC–LPF 0.25* 0.21* Control . HD *
LPF–RPF –0.03 –0.06

HD, Huntington’s disease; LAC, left anterior cingulate cortex; LPF, left prefrontal cortex; RAC, right anterior cingulate
cortex; RPF, right prefrontal cortex.
*pcorrected,0.05.

(A) Task v baseline

(B) Controls v patients with HD during task

LPF

LPF

RAC

RAC

LAC

LAC

RPF

RPF

Control: Increase
HD: Decrease

Control�HD
HD�Control

Figure 4 Prefrontal connections, which show significant differences in
functional connectivity between task and baseline states and between
controls and patients with Huntington’s disease (HD). (A) Controls show
significantly increased interhemispheric connectivity during Simon task
performance compared with baseline (solid lines), whereas patients with
Huntington’s disease show significantly reduced connectivity during the
task compared with baseline between left anterior cingulate cortex (LAC)
and left prefrontal cortex (LPF; dotted lines). (B) During performance of the
Simon task, controls show significantly greater functional connectivity
compared with patients with HD between several regions (solid lines),
whereas patients with HD show greater connectivity than controls between
right anterior cingulate cortex (RAC) and LPF. RPF, right prefrontal cortex.
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fact, patients with Huntington’s disease showed a loss in
synchrony or interaction between activated regions of the LAC
and lateral LPF, in the left hemisphere, which predicted poor
task performance.

It is well established that degeneration of brain regions in
Huntington’s disease affects cortical circuits and leads to loss of
cognitive, motor and executive functions.8 The overall loss in
synchrony observed during the task suggests that interactions
between prefrontal regions are compromised in patients with
Huntington’s disease. This is consistent with previous knowl-
edge regarding the neuropathology of Huntington’s disease and
strongly supports the notion of deficits in prefrontal circui-
try.32 33

A direct comparison of prefrontal functional connectivity
between patients with Huntington’s disease and controls
during task performance showed that patients are impaired in
their functional connectivity between LAC and RAC regions and
between the anterior cingulate and lateral prefrontal regions in
each hemisphere. Patients did show increased connectivity
between the RAC and lateral LPF; however, this connection was
relatively weak, with a low correlation coefficient. Overall,
therefore, patients show impaired connectivity between pre-
frontal cortical regions compared with controls. This is despite
patients with Huntington’s disease showing significantly
greater activation within these prefrontal regions compared
with controls. Changes in functional activation in patients with
Huntington’s disease may also influence the coupling between
the ROIs; note, however, that disease progression may affect
the pattern of activation and connectivity over time. Note also
that Paulsen et al10 and Feigin et al20 have found significantly
increased activation in similar prefrontal regions in presympto-
matic patients with Huntington’s disease. It therefore seems
that anterior cingulate and lateral prefrontal regions show
significant activation but reduced synchrony, representing
impaired inter-regional interaction in Huntington’s disease.
Further, Ho et al34 similarly showed an increased leftward error
in a line bisection task, which correlated with reduced angular
gyrus density in Huntington’s disease; as their task and the
Simon task are visuospatial, this possibly implies reduced left-
hemisphere capacity for visuospatial processing in Huntington’s
disease. This finding of reduced prefrontal functional con-
nectivity in Huntington’s disease parallels similar results in
other neurodegenerative disorders such as Alzheimer’s and
Parkinson’s diseases.16 17 29 35

This result is consistent with the loss of synchrony observed in
patients with Huntington’s disease from baseline to task states.
The decreased interhemispheric connectivity may be due to
neuronal cell death, as inputs and outputs between certain
regions are compromised.8 Behaviorally, interhemispheric
abnormalities, or lateralisation deficits, have been previously
identified in Huntington’s disease.34 It is known that the
associative component of the striatum is affected in
Huntington’s disease, causing disruption to frontostriatal circui-
try.6 This could in turn lead to the impaired interaction between
prefrontal regions observed herein. Moreover, studies have shown
white matter volumetric loss in cortical and subcortical areas in
Huntington’s disease.36–39 Such white matter loss in prefrontal
regions in Huntington’s disease would be expected to affect
physical connections between prefrontal cortical regions and
consequently impair functional connectivity, as we have observed.
Possible white matter loss could also lead to neuronal dysfunction,
which may result in impaired connectivity.40

There are two potential limitations of this study. The first is
that the congruent and incongruent conditions were not
individually assessed. Although this contrast is of potential
interest, the correlation between the two tasks was very high,
thus not enabling meaningful contrasts between conditions.
The second possible limitation relates to the absence of a motor
response in the baseline condition. Note, however, that in this
study, the contrasts between groups did not involve the
baseline condition. Moreover, the baseline condition was only
used to show an increase in task-related connectivity in
controls, whereas this effect was not seen in patients with
Huntington’s disease.

This study has shown that the communication between brain
regions in patients with Huntington’s disease is significantly
weakened during performance of cognitive tasks on two counts.
Firstly, the increased connectivity from baseline to task states
in controls was not observed in patients with Huntington’s
disease, and secondly, task-related functional connectivity
overall was impaired in patients with Huntington’s disease
compared with controls. Collectively, these two findings
suggest a loss of synchrony between prefrontal brain regions,
suggesting compromised interactions in Huntington’s disease.
We speculate whether significantly greater levels of activation
within prefrontal regions in patients with Huntington’s disease
(compared with controls) partially compensate for the other-
wise compromised interactions between these cortical regions.
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Patients with Huntington’s disease show significantly higher variability in
functional connectivity than controls.
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