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Abstract
Value-based decision-making provides a theoretical framework to investigate apathy and impulsivity—two notable dis-
turbances in Huntington’s disease (HD). Whilst existing work has examined decisions requiring comparison between two 
options, many everyday choices involve a different class of decision: whether to continue to pursue a current course of action 
or switch to an alternative. We investigated whether reward and cost sensitivity in a ‘stay or leave’ foraging task would be 
associated with HD apathy and/or impulsivity. People with HD (n = 37) and controls (n = 40) performed a foraging task 
where the costs of leaving were effort (low and high) and time (short and long). Apathy and impulsivity were measured 
using questionnaires, and their associations with patch-leaving times were examined using linear mixed models. People with 
HD and controls stayed longer as costs to leave increased, in line with theoretical predictions. There was also a significant 
positive association between individual sensitivity to effort and delay costs. Apathy in HD was not associated with altered 
effort or delay cost sensitivity. Impulsivity in HD was associated with increased sensitivity to delay—but not effort—costs. 
Sensitivity to changing effort and time costs in a foraging context differs as a function of apathy and impulsivity in HD. 
The effects of these costs on foraging decisions also differ from previous work assessing cost sensitivity in HD using binary 
choice tasks, underlying the importance of decision context in interpreting associations with clinical syndromes in a value-
based decision-making framework.
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Have you observed a zebra grazing in the wild? You may 
have noticed that partway through the current clump of 
grass, it wanders over to the next clump. An astute observer 
will note that lush, closely spaced clumps are nibbled at, 
whereas fewer sparser clumps are grazed down to stubble. 
The zebra is in fact following a fundamental behavioural 
principle—maximising overall gain whilst minimising time 
and effort costs, by adjusting feeding behaviour as a func-
tion of environmental richness. This principle is ubiquitous 
across species, with the environmental context in which 
reward-maximising decisions are made being paramount. 
Whether disruption to this core principle in the setting of 
brain disease underlies clinically apathetic and/or impulsive 
phenotypes is the subject of the present work.

Neurobehavioural disturbances such as apathy and impul-
sivity are common in Huntington’s disease (HD), but their 
underlying cognitive signatures are not yet fully under-
stood (Morris et al., 2022). Apathy is well documented 
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in Huntington’s disease, present in up to 70% of people, 
and emerging both prior to and after motor disease onset 
(Craufurd et al., 2001; Martinez-Horta et al., 2016; Paulsen 
et al., 2001; Tabrizi et al., 2013). On a descriptive level, the 
relationship between apathy and Huntington’s disease (HD) 
is closely intertwined, with apathy worsening in parallel to 
disease progression, underpinning its conceptualization as 
an intrinsic part of HD (Connors et al., 2023; Ruiz-Idiago 
et al., 2023; Thompson et al., 2012; van Duijn et al., 2014). 
Impulsivity too, although less well characterised, is evi-
dent in HD (Paulsen et al., 2001), with 45% of people scor-
ing above clinical cut-offs for impulsivity (Johnson et al., 
2017). Of note, impulsivity appears intrinsically linked to 
apathy, with their co-occurrence common across popula-
tions, including Huntington’s disease (Morris et al., 2024c; 
Passamonti et al., 2018; Petitet et al., 2021; Sinha et al., 
2013). Efficacious treatments for apathy and impulsivity are 
limited, in part due to poor understanding of the disrupted 
brain processes underlying them. Mechanistic work, which 
aims to understand neurobehavioural disturbances by teas-
ing apart which cognitive processes are altered and which 
remain intact, is emerging. However, an understanding of the 
cognitive processes disrupted to give rise to apathy and/or 
impulsivity—in Huntington’s disease and more broadly—is 
far from complete.

The neuroscience of value-based decision-making, 
which describes the interaction between rewards and costs 
of actions in motivating behaviour towards goals, has pro-
vided a framework within which to investigate the mecha-
nisms underpinning behavioural disturbances such as apathy 
and impulsivity. Using experimental tasks derived from this 
framework, apathy, but not impulsivity, in HD is associated 
with increased sensitivity to both physical effort and time 
delay costs, in the setting of deciding between two options 
(Morris et al., 2024a).

Whilst studying situations where people decide between 
two options of varying reward and cost is an important 
method to probe goal-directed behaviour, many decisions 
in everyday life do not present as such binary ‘a’ versus 
‘b’ style choices. Instead, they take the form of deciding 
whether and when to switch from a current activity to an 
alternate option. Such decisions may guide much of our 
day-to-day behaviour, such as whether to keep swimming 
in the sea for a little longer or to get out; whether to leave 
a restaurant after a meal or enjoy the company for a bit 
longer; or whether to stop reading an increasingly disap-
pointing novel and try another. These types of decisions—
often called foraging decisions after the behavioural ecology 
literature in which they have been described—require con-
tinuous integration and updating of reward and cost deci-
sion variables over time (Gabay & Apps, 2021; Gabay et al., 
2024; Mobbs et al., 2018). Specifically, they depend on an 
accurate representation of the background reward rate in the 

environment—crudely, ‘what else is out there’, which can be 
compared with the current (foreground) reward associated 
with present behaviour. One crucial unanswered question is 
whether the hypersensitivity to effort and time costs evident 
in the behaviour of people with Huntington’s apathy per-
forming binary choice tasks would be evident in value-based 
decisions made in a foraging decision context.

Foraging theory provides an experimental framework to 
examine these sorts of decisions, where rewards and cost 
variables change over time (Hayden et al., 2011; Pearson 
et al., 2014; Stephens, 2008). It is closely related to the 
concept of opportunity cost—what (alternative) rewards 
are foregone by the current behavioural choice (Niv et al., 
2007). The patch-leaving problem is a specific type of for-
aging situation that captures a crucial ecological decision 
that all animals must face and solve: Whether to maintain 
a current behaviour or switch to an alternative. Typically, 
the decision involves weighing whether to stay and exploit 
the current (foreground), but depleting, resource or leave, 
incurring costs of time and effort, to explore the background 
environment (Charnov, 1976; Constantino & Daw, 2015; Le 
Heron et al., 2020; Rutledge et al., 2009).

The marginal value theorem (MVT) provides the optimal 
general solution to this patch-leaving problem: Leave the 
current patch when the foreground reward rate equals the 
average background reward rate (Charnov, 1976). Thus, in 
theory a forager’s actions could be determined simply by 
a comparison between their current instantaneous reward 
accrual and the background average reward rate available 
in their environment, which could be conceptualised as a 
‘threshold’ for switching. Importantly for this framework, 
costs associated with leaving a patch (for example, physi-
cal effort to move between patches; travel time between 
patches), reduce the average background reward rate of the 
environment (Bernstein et al., 1991). Behaviourally there-
fore, as costs associated with patch-leaving increase, patch 
residency times should also increase as it takes longer for the 
foreground reward rate to drop to the background average. 
Manipulating patch-leaving costs and measuring the effect 
on patch-leaving times therefore provides an experimental 
approach to examine both how people estimate their back-
ground reward environment and their intrinsic sensitivity 
to changing costs and rewards. Despite its clear ecologi-
cal importance, this experimental framework has not been 
widely applied to examine motivational disturbances.

Time is a variable of great interest in the field of impul-
sivity research, including the devaluing of reward by time 
delay, known as temporal discounting (Ainslie, 1975; Dal-
ley & Ersche, 2019). When deciding between options, more 
impulsive people tend to select smaller, sooner-available 
rewards over larger rewards available after a time delay, 
showing increased sensitivity to the cost of time delay 
(Amlung et al., 2019; Moreira & Barbosa, 2019; Paasche 
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et al., 2019). However, evidence for this effect in HD impul-
sivity is mixed (Doridam et al., 2014; McLauchlan et al., 
2022; Morris et al., 2024a). Furthermore, decisions to select 
smaller-sooner rewards may actually be an optimal strategy 
if an individual is unable to accurately represent background 
reward information (for example, due to a neurological 
disorder such as HD). Thus, the observed phenomenon of 
temporal discounting, whilst potentially being explained by 
heightened sensitivity to time costs, can also be explained 
by degraded representation of, or difficult to estimate, back-
ground reward rate (Stephens & Anderson, 2001; Stevens & 
Stephens, 2010). Investigating impulsivity within a patch-
leaving context allows dissociation of these two possibilities 
within the same experimental paradigm; however, this has 
not been examined previously either in HD or in other clini-
cal populations.

In the present work, we investigated the mechanisms 
underlying neurobehavioural disturbances in Huntington’s 
disease using a foraging patch-leaving framework. Spe-
cifically, in light of a cost-general hypersensitivity in HD 
apathy when deciding between two options (Morris et al., 
2024a), we examined whether hypersensitivity to time and 
effort costs in apathy would also be evident in a different 
decision context—whether to stay in a rewarding location 
or move on. Concurrently we used patch-leaving behaviour 
to examine whether impulsivity in HD was associated with 
the time cost hypersensitivity or reduced ability to estimate 
the background reward rate. Participants with Huntington’s 
disease (n = 37) and healthy controls (n = 40) performed a 
novel patch-leaving task where effort and time costs associ-
ated with patch leaving were manipulated.

We hypothesised that i) all participants would stay longer 
in patches as costs to leave increased, in line with the mar-
ginal value theorem predictions; ii) HD apathy would be 
associated with increased sensitivity to effort and delay costs 
associated with patch-leaving, leading to even longer patch 
residency times as these costs increased; iii) HD impulsiv-
ity would be associated with increased delay cost sensitiv-
ity, rather than reduced ability to compute the background 
reward rate; and iv) effort and delay cost sensitivity would 
be associated (people more sensitivity to effort costs would 
also be more sensitive to delay costs).

Methods

Ethics

The study was approved by the Health and Disability Eth-
ics Committee of the New Zealand Ministry of Health (21/
CEN/242), and the local ethics committee in Oxford, UK. 
Written consent was obtained from all subjects in accordance 

with the New Zealand National Ethical Standards and the 
Declaration of Helsinki.

Participants

People with confirmed expansion of the Huntington’s gene 
were recruited as part of a wider Huntington’s disease 
study, from three specialist Huntington’s disease clinics 
(Auckland and Christchurch, New Zealand; Oxford, UK) 
between 2015–2017 (UK) and in 2022 (NZ). Exclusion cri-
teria included inability to voluntarily squeeze a hand-held 
dynamometer, or inability to provide informed consent. Age 
and gender matched controls, with no significant history of 
neurological or psychiatric illnesses, were recruited via 
local databases. Participants performed a number of behav-
ioural tasks, one of which is presented in this paper. Here, 
we report clinical, demographic, and behavioural data for 
the participants who performed a foraging task—called the 
Milk Collection Task (HD n = 37, controls n = 40; Fig. 1; 
Table 1). For comparison with binary choice effort and delay 
cost sensitivity, we used data from (Morris et al., 2024a) for 
this subset of HD participants. Power analysis details are 
shown in Supplementary Box 1.

Disease, cognitive and questionnaire measures

Apathy was assessed using the Apathy Evaluation Scale self-
report version (AES; Clarke et al., 2007; Marin et al., 1991). 
Additionally, the Short Problem Behaviours Assessment 
(sPBA) apathy subscale and the Lille Apathy Rating Scale 
(LARS) were administered in New Zealand and Oxford, 
respectively (Callaghan et al., 2015; Sockeel et al., 2006). 
People were classified as apathetic if their self-reported AES 
score was ≥ 37, the clinician-rated sPBA score was ≥ 2, or 
the LARS was ≥  − 21, indicating at least mild-moderate 
apathy, in line with previous work (Le Heron et al., 2018a; 
Martinez-Horta et al., 2016; Santangelo et al., 2014). Motor 
disease severity was assessed using the Unified Huntington’s 
Disease Rating Scale Total Motor Score (UHDRS-TMS; 
Huntington Study Group, 1996). Cognition was screened 
using the Montreal Cognitive Assessment in New Zealand, 
and the Addenbrooke’s Cognitive Examination–Revised 
(ACE-R) in Oxford (Hsieh et al., 2013; Nasreddine et al., 
2005). To enable comparison across sites, cognition scores 
were z-scored using previously published normative data 
for each tool (Cheung et al., 2015; Kourtesis et al., 2020). 
Depressive symptoms were assessed using the Beck Depres-
sion Inventory II (BDI-II), and its Dysphoria subscale (Beck 
et al., 1996; Kirsch-Darrow et al., 2011). Impulsivity was 
assessed using the UPPS-P Impulsive Behaviour Scale 
(Whiteside et al., 2005). Impulsivity scores were available 
for a subset of HD participants only (HD n = 26). Demo-
graphic and clinical data were analysed in R (R Core Team, 



	 Cognitive, Affective, & Behavioral Neuroscience

2024) using Welch’s t tests or chi-squared tests, depending 
on the variables (Table 1).

Foraging decisions: The milk collection task

This patch-leaving task was developed to investigate the 
effects of manipulating costs associated with patch-leaving 
on human patch-leaving behaviour (Le Heron et al., 2020). 
The task was framed as a dairy farming task. The aim was to 
collect as much milk as possible in an allocated time period 
(21 min), from an unlimited number of fields (‘patches’). 
Within a field, milk was accrued by depressing the spacebar, 
and displayed on-screen as a bucket filling. The foreground 
reward rate (i.e. the rate of milk accrual), exponentially 
decayed with increased patch residency time, with decay 
rate kept constant across the task. The key experimental 
manipulations were the time and effort costs associated with 

leaving each field. Time costs involved a waiting period, 
described to participants as travel time to the next field, of 
either 6 s (short delay), or 12 s (long delay). Physical effort 
costs, described as climbing fences between fields, involved 
squeezing a handheld dynamometer to 30% (low effort) or 
60% (high effort) of each participant’s maximal voluntary 
contraction. Low and high effort and delay costs were varied 
by block, such that there were three combinations: low effort 
and short delay (Block 1), low effort and long delay (Block 
2) and high effort and short delay (Block 3). The task thus 
comprised three blocks of 7 min each. Cost information was 
displayed continuously on-screen alongside milk accrual, 
with effort indicated by red colouring on a rectangular bar, 
and time delay indicated by red colouring on a clock. During 
transit time, a displayed clock ticked down the seconds to 
the next field whilst participants were prompted to squeeze 
the dynamometer with real-time feedback of performance (a 

Fig. 1   Study participants. A Flowchart of study participants who 
performed the Milk Collection Task. HD participants were part of a 
larger behavioural study, reported elsewhere (Morris et  al., 2024a). 
B Motor disease severity (UHDRS-TMS) of participants with Hun-
tington’s disease. C UPPS-P Impulsivity scores, with inset showing 
density distribution. D Apathy evaluation scale scores, with inset 
depicting density distribution. To note, in this study participants 

with HD were classified as either apathetic or not based on clinical 
cut-offs on the AES (≥ 37), sPBA apathy (≥ 2) or LARS (≥ − 21), 
depending on which scale had been used. AES = Apathy Evaluation 
Scale; LARS = Lille Apathy Rating Scale; sPBA = Short Problem 
Behavioural Assessment; UHDRS-TMS = Unified Huntington’s Dis-
ease Rating Scale Total Motor Score; UPPS-P = UPPS-P Impulsive 
Behaviour Scale. (Colour figure online)
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green rectangular bar indicating actual effort exerted super-
imposed on the target effort level; Fig. 2).

Task implementation

Participants performed the task in a quiet research office, 
with a trained researcher. After standardised task explana-
tion, participants completed a practice task of ~ 12 min, fol-
lowed by the task itself. Each task block (7 min) was fol-
lowed by a rest period, to minimize possible fatigue effects. 
The task was run using Pyschtoolbox (http://​psych​toolb​ox.​
org), implemented within MATLAB (The MathWorks). Tri-
als with leaving times 3 standard deviations or more from 
individual mean leaving times per block were regarded as 
outliers and removed; this equated to < 1% of trials overall.

Statistical analysis

We used linear mixed effects models (lmer in R) to inves-
tigate predictors of patch-leaving time. Predictors were 
z-scored. We first fitted a model including all subjects, 
with a grouping variable (HD/control), to determine 

whether there were any fundamental disease-related dif-
ferences in task performance. Fixed effects were delay, 
group, and their interaction, and effort, group and their 
interaction, with subject as a random effect to account for 
repeated trials per subject:

Our primary model of interest was a model fitted to 
only HD participants’ data, with apathy status (apathetic/
not apathetic):

Modelling random slopes for effort and delay did not 
significantly change the results and are shown in Supple-
mentary Box 2.

Separate to linear mixed models, individual ‘sensitivi-
ties’ to costs were calculated by subtracting individual 
mean leaving times from high-effort and low-effort con-
ditions (Block 3 − Block 1) and long delay and short delay 
conditions (Block 2 − Block 1), in line with previous work 
(Bustamante et al., 2023). The influence of other factors 
on individual effort and delay sensitivity was examined 

patch leaving time ∼ effort ∗ group + delay ∗ group + (1|subject)

patch leaving time ∼ effort ∗ apathy + delay ∗ apathy + (1|subject)

Table 1   Clinical and demographic characteristics of participants, showing mean (sd)

ACE-R = Addenbrooke’s Cognitive Examination–Revised; BDI-II = Beck Depression Inventory II; MoCA = Montreal Cognitive Assessment; 
UHDRS = Unified Huntington’s Disease Rating Scale; UPPS-P = UPPS-P Impulsiveness Scale
ᶧ UPPS-P scores were available for 26 HD participants only

Controls HD Statistic

Participants 40 37
Age 61.2 (14.5) 50.6 (12.6) t(74.67) = 3.41, p = .001
Male:Female
(% Male)

16:24 (40%) 22:15 (60%) χ2(1, n = 77) = 2.19, p = .139

Education (years) 16 (4) 15 (3) t(70.63) = 1.30, p = .199
UHDRS total motor
Score /124

NA 12 (10)

Medication
Antidepressant
Use

6 (15%) 15 (41%) χ2(2, n = 77) = 8.17, p = .017

Antipsychotic
Use

0 6 (16%) χ2(2, n = 77) = 6.87, p = .032

Behaviour & mood
Apathy Evaluation Scale
/72

25.0 (4.34) 32.9 (9.65) t(47.52) =  − 4.54, p < .0001

Impulsivity
ᶧUPPS-P /236

108.0 (16.5) 130.0 (25.5) t(40.56) =  − 4.07, p < .001

Beck Depression
Inventory II /63

5.5 (4.98) 10.3 (9.28) t(52.36) =  − 2.75, p = .008

BDI dysphoria
Subscale /33

2.6 (2.73) 4.65 (5.04) t(29.59) =  − 1.81, p = .081

Cognition
MoCA /30 27.5 (2.32) 26.6 (2.90) t(38.22) = 1.26, p = .216
ACE-R /100 NA 88 (10)

http://psychtoolbox.org
http://psychtoolbox.org
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using multiple regression models, with covariates apathy, 
dysphoria, motor disease severity, cognition, medication 
usage, age and sex.

Variability in patch-leaving times was measured as the 
standard deviation of leaving times per individual per task 
block. To determine whether variability was increased as a 
function of apathy and/or impulsivity, an indirect metric of 
reduced ability to compute the background reward rate, a 

linear mixed model was fitted to scaled individual variability 
in leaving times per block, with apathy (yes/no), block, and 
their interaction as fixed effects, accounting for three repeated 
measures within subject by including random effect of subject.

Lastly, as an exploratory analysis, for the subset of HD par-
ticipants with impulsivity scores (n = 26), we fitted a model 
similar to the HD apathy model above, but with continuous 
impulsivity scores:

patch leaving time ∼ effort ∗ impulsivity + delay ∗ impulsivity + (1|subject)

We also examined variability in patch-leaving behaviour as 
a function of impulsivity in HD.

Data availability

Anonymized data are available upon reasonable request.

Results

At group level, people with HD were significantly more 
apathetic and impulsive than healthy controls (AES apa-
thy: mean difference = 8, t(47.5) =  − 4.5, p < .0001, 95% 
CI [− 11.5, − 4.4]; impulsivity: mean difference = 23, 
t(40.6) =  − 4.1, p = .0002, 95% CI [− 33.9, − 11.4]). Of note, 
mean education level, MoCA scores and dysphoric mood 

did not significantly differ between controls and people 
with HD. A greater number of people with HD were taking 
antidepressant and antipsychotic medications compared to 
controls. The control group was on average older than the 
HD group (Table 1).

Foraging decision‑making: Milk Collection Task

Costs lengthened patch residency times

In this task, participants decided when to switch between 
fields to maximise overall milk gain, taking into account 
the changing effort and delay costs associated with leaving. 
For both HD and controls, increased effort and delay costs 
were associated with significantly longer patch residency 
times (effort: � = 0.88, t = 7.5, p < .001; delay: � = 2.2, 

Fig. 2   The Milk Collection Task. A novel patch-leaving task. 
Framed as a farming game, participants needed to collect as much 
milk as possible from unlimited fields (patches), within a set time. 
Milk collection rate diminished with increased time spent in a field. 
Leaving each field had low or high time and effort costs associated, 
which, according to predictions made by the marginal value theo-

rem, devalue the background reward rate to different extents. Within 
foraging theory, patch-leaving time is the point at which foreground 
reward rate drops to an individual’s estimate of the background aver-
age reward rate. Thus, the paradigm allows inference of background 
reward rate representation and individual effort and delay cost sensi-
tivity. (Colour figure online)
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t = 17.0, p < .001), in accordance with marginal value theo-
rem predictions. However, there were significant interac-
tions between group and effort costs, and group and delay 
costs (Effort × Group: � =  − 0.41, t =  − 2.5, p = .01; Delay 
× Group: � =  − 0.41, t =  − 2.4, p = .02). Increased effort 
and delay costs had a greater effect on patch residency times 
in people with HD than controls. There was no significant 
main effect of group on task performance (group: � =  − 1.5, 
t =  − 0.9, p = .37; Fig. 3A–B).

Cost sensitivity not different in HD apathy

In people with HD (no controls), there was no significant 
main effect of apathy on patch residency time (apathy: � 

= 0.1, t = 0.1, p = .95). Effort and delay cost interactions 
with apathy were also not significant (Apathy × Effort: � 
=  − 0.01, t =  − 0.12, p = .91; Apathy × Delay: � =  − 0.12, 
t =  − 0.87, p = .39) Thus, there was no evidence for differ-
ences in sensitivity to changing costs as a function of being 
apathetic or not (Fig. 3C). To determine whether these were, 
indeed, null effects, equivalence testing was performed. 
This showed evidence for equivalence for both interactions 
(Apathy × Effort: 95% CI [− 0.22, 0.19], second-genera-
tion p value > .999, equivalence accepted, p < .001; Apa-
thy × Delay: 95% CI [− 0.35, 0.11], second-generation p 
value > .999, equivalence accepted, p < .001).

These null apathy results were further corroborated 
by separate analyses. Linear regression models fitted to 

Fig. 3   Patch-leaving behaviour and Huntington’s disease apathy. 
A HD and control participants stayed longer in patches as effort, 
and B delay costs associated with patch leaving increased, in line 
with theoretical predictions that increasing costs lowers the average 
background reward rate, leading to longer patch residency times. 
The effect of increasing effort and delay on patch-leaving times was 
greater in people with HD than controls (p < .05), but not significantly 

different between apathetic and nonapathetic people with HD. C Cost 
sensitivity, calculated as the individual mean difference in leaving 
times between low and high costs. There were no significant differ-
ences in cost sensitivity as a function of apathy in HD. D Variabil-
ity in patch-leaving times did not differ significantly between blocks, 
groups, or as a function of apathy in Huntington’s disease. Error bars 
show standard error of the mean. (Colour figure online)
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individual effort and delay cost sensitivity, respectively, 
showed no significant associations with apathy, or other 
clinical variables.

There were no significant differences in variability of 
patch-leaving times across the task blocks, between groups 
(controls, HD no-apathy, HD apathy), or their interaction 
(all p values > .05). Thus, there was no evidence to suggest 
that ability to estimate the background reward rates differed 
as a function of apathy in HD, or between HD and controls. 
Although an indirect marker of ability to estimate back-
ground reward rates, decisions would appear more variable 
(‘noisy’) should this ability be reduced (Fig. 3D).

HD impulsivity associated with increased delay sensitivity

For the exploratory analysis pertaining to the subset of peo-
ple with HD with impulsivity scores (n = 26), there was no 
significant main effect of impulsivity on patch-leaving times 
(impulsivity: � =  − 1.7, t =  − 1.1, p = .3). The interaction 
between impulsivity and delay was significant (Impulsivity 
× Delay: � = 0.39, t = 2.2, p = .03). More impulsive people 

adjusted their patch-leaving times significantly more as 
delay increased, suggesting that impulsive people found 
the increase in delay more costly. The interaction between 
impulsivity and effort was not significant (Impulsivity × 
Effort: � = 0.2, t = 1.4, p = .16). Variability in leaving times 
was not significantly different as a function of impulsivity 
(impulsivity: � =  − 044, t =  − 1.48, p = .14; Impulsivity × 
Block: � = 0.08, t = 0.68, p = .5). People with higher impul-
sivity scores showed a nonsignificant trend towards less vari-
ability in leaving times, not more variability (Fig. 4).

Cost sensitivities associated within but not across decision 
contexts

Sensitivity to changing effort and delay costs was significantly 
correlated in participants with HD on the patch-leaving task 
(r = .55, p = .0005). That is, people who stayed longer in a 
patch when effort was high, also stayed longer when the patch-
leaving delay was long. In these same HD participants, we 
have previously shown that binary choice effort and delay sen-
sitivity were significantly associated (r = .36, p = .036; Morris 

Fig. 4   Patch-leaving behaviour and Huntington’s disease impulsivity. 
A Mean patch-leaving times for short and long patch-leaving delay 
costs, plotted over impulsivity scores. Higher impulsivity was signifi-
cantly associated with a greater adjustment of patch-leaving times as 
delays increased (model inset depicted below). B Mean patch-leaving 
times for low and high patch-leaving effort costs, plotted over impul-
sivity scores. Impulsivity did not have a significant effect on patch-
leaving times as effort costs to leave increased (model inset depicted 
below). C The effect of impulsivity on patch-leaving times as a 
function of changing delay and effort costs. Higher impulsivity was 

associated with longer patch residency times as delay costs to leave 
patches increased, relative to short delay patch-leaving times, with 
no significant effect of impulsivity on effort sensitivity (high − low 
impulsivity scores, based on mean split, for graphical display pur-
poses). D Variability in leaving time did not significantly differ as a 
function of impulsivity in HD. People with higher impulsivity scores 
showed a nonsignificant trend towards less variability in leaving 
times. n/s = not reaching statistical significance of p < .05. (Colour 
figure online)
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et al., 2024a). Thus, within each decision context, effort and 
delay cost sensitivities were associated (Fig. 5 A–B).

An examination of the same costs, but across differ-
ent decision contexts revealed that patch-leaving effort 

sensitivity and binary choice effort sensitivity were not sig-
nificantly correlated in people with HD (r =  − .09, p = .61). 
Similarly, patch-leaving and binary choice delay sensitivity 
were also not significantly correlated (r =  − .03, p = .87). 

Fig. 5   Cost sensitivities within and across decision types. A Effort 
and delay sensitivities (difference in patch-leaving times as a func-
tion of changing effort and time costs) from a patch-leaving task 
(Milk Collection Task) were significantly correlated in HD. B Indi-
vidual effort sensitivity parameter estimates from an effort-based 
decision-making task (Apple Gathering Task: more negative = higher 
sensitivity to effort) and proportion delayed choices from a delay 
discounting task (Money Choice Questionnaire) were significantly 
correlated. That is, people more averse to effort also selected fewer 

delayed options, indicating aversion to time delay as well. C Effort 
sensitivities across binary and patch-leaving decision contexts were 
not significantly associated, and neither were delay sensitivities (D). 
Overall, cost computations were associated within but not across 
decision-making contexts in HD. AGT = Apple Gathering Task; 
MCQ = Money Choice Questionnaire. Data from binary choice tasks 
shown in panels B–D are from (Morris et  al., 2024a), reused with 
permission. (Colour figure online)
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Thus, there was no evidence of a significant association 
between either effort sensitivity or delay sensitivity metrics 
in HD across task paradigms that probed these variables in 
different decision contexts (Fig. 5 C–D).

Discussion

Emerging work suggests that disruptions of value-based 
decision-making processes may underlie common neurobe-
havioural disturbances such as apathy and impulsivity in 
Huntington’s disease. However, studies to date have mainly 
focussed on one particular class of value-based decisions, 
where two or more options must be weighed against each 
other. In day-to-day life however, it is often important to 
decide whether to persist with a current behaviour or switch 
to another potentially more rewarding one. These types of 
decisions are well described within the behavioural ecol-
ogy foraging literature and rely on comparisons between 
foreground (what you are currently doing) and background 
(environmental richness—what else you could be doing) 
reward rates. Here we used a foraging patch-leaving task 
to determine whether the changes in decision-making asso-
ciated with neurobehavioural disturbances in Huntington’s 
disease extended to alternative decision contexts—contexts 
that may be particularly relevant for the everyday behaviours 
that are often disrupted in HD. Specifically, we examined 
whether sensitivity to effort and time costs associated with 
foreground/background decisions would be increased as a 
function of apathy in Huntington’s disease. We also exam-
ined whether sensitivity to time delay would be increased in 
HD in more impulsive people. People with HD performed 
a patch-leaving task in line with theoretical predictions, 
broadly showing increased patch-residency times as costs 
associated with patch-leaving increased. Effort and delay 
sensitivity were also correlated within people with HD. 
Contrary to our hypothesis, and in contrast to results seen in 
binary choice tasks, apathy in HD was not significantly asso-
ciated with either effort or delay cost hypersensitivity on this 
task. Impulsivity, however, was associated with longer patch 
residency times as delay costs to leave patches increased, 
but not increased variability of decisions, suggesting more 
impulsive people with HD do experience waiting as more 
costly. Overall, this study provides evidence that decision 
context plays a key role in sensitivity to cost and reward vari-
ables in value-based decision-making, and the relationship 
of these changes to common behavioural disturbances that 
arise with brain pathology.

Studies of value-based decision-making in patient popu-
lations have led to important advancements in understanding 
of the mechanisms underlying common neurobehavioural 
disruptions such as apathy and impulsivity (Blouzard et al., 

2023; Dalley & Ersche, 2019; Le Heron et al., 2025). How-
ever, the context in which a decision is being made—and 
specifically the influence of background environmental rich-
ness—is an important factor for many day-to-day decisions 
that is often not incorporated into value-based decision-
making paradigms (Hayden, 2018; Mobbs et al., 2018). 
Previous work in HD has shown apathy is associated with 
increased sensitivity to both effort and time delay costs, 
when deciding between two options, although not across 
all studies (McLauchlan et al., 2019; Morris et al., 2024a), 
whilst HD more generally has also been associated with 
increased sensitivity to cognitive effort for these types of 
decisions (Atkins et al., 2020, 2024). However, despite these 
findings, in this study we found no evidence for an associa-
tion between apathy and cost sensitivity in a foreground/
background decision-making paradigm, where participants 
had to decide whether to stay or leave a patch with dimin-
ishing rewards. Within a foraging context, costs to ‘move 
on’ influence the background environmental reward rate 
and thus, more broadly, we did not find evidence for altered 
computation of foreground or background reward rate 
computations in HD apathy. Interestingly, a previous study 
examining apathy mechanisms in the context of traumatic 
brain injury did find a significant association between apa-
thy and altered background reward rate computation, using 
a similar though not identical foraging paradigm (Quang 
et al., 2023). Additionally, reduced (rather than increased) 
sensitivity to costs was associated with apathy in a large 
online sample, whereby people chose to continue search 
behaviour for longer than optimal, despite incurring search 
costs (Scholl et al., 2022). Taken together, and acknowledg-
ing the small number of studies examining this question to 
date, no clear foraging signature for apathy has yet emerged, 
despite relatively convergent associations between apathy 
and reward and cost processing in other types of decision 
contexts (Attaallah et al., 2024; Lafond-Brina et al., 2023; 
Le Bouc et al., 2022; Le Heron, Plant, et al., 2018a, 2018b). 
There is a clear need for further studies, across different 
populations, to further explore this question, particularly 
because of the importance of this class of decision-making 
for many of the daily activities that are disrupted by apathy 
in HD and other brain disorders.

The lack of association between cost sensitivity and apa-
thy in a foreground/background decision-making context—
as distinct from a binary choice context—requires explana-
tion. It is possible that binary and patch-leaving decisions 
fundamentally differ, with different underlying cognitive 
mechanisms, despite both requiring cost–reward integration 
(Carter et al., 2015). Thus, in HD, apathy may be driven by 
changes in one—but not another—type of decision-making. 
Whilst relatively little to no work in humans has examined 
cost sensitivity across decision contexts, in the present study 
effort and delay cost sensitivities were not significantly 
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correlated across decision contexts in HD. In line with this, 
dissociable sensitivity to physical effort costs across differ-
ent decision contexts has been previously demonstrated in 
rodents (Holec et al., 2014; Schweimer & Hauber, 2005). 
In particular, amygdala and basolateral amygdala lesions 
(and inactivations) in monkeys and rats are associated with 
increased effort sensitivity on choice tasks between options 
(Floresco & Ghods-Sharifi, 2007; Ostrander et al., 2011) 
but not on progressive ratio tasks (choice to stay on task, 
or leave; Baxter et al., 2000; McGregor & Roberts, 1993). 
Whilst not specific to costs, binary choice and patch-leaving 
behaviour has also been dissociated in humans, dependent 
upon the glutamate-GABA (excitatory-inhibitory) balance in 
the ventromedial prefrontal cortex for binary decisions, and 
in the anterior cingulate cortex for patch-leaving decisions 
(Kaiser et al., 2021). Taken together, this points to the likeli-
hood that binary and patch-leaving decisions may not utilise 
the same cognitive processes, but rather that computing of 
cost information for each decision context may be distinct. 
However, within decision contexts, cost sensitivities are sig-
nificantly associated (Bustamante et al., 2023; Morris et al., 
2024a). Speculatively, then, apathy in HD may arise from 
disruption to processes associated with cost computation in 
binary, but not patch-leaving contexts. It is also possible 
that binary choice and patch-leaving cost sensitivities may 
in fact be associated, but our particular study population did 
not show evidence for this, or that cost sensitivities may be 
associated across decision contexts but our novel foraging 
task failed to capture this effect.

In the exploratory analysis, more impulsive people 
with HD showed increased sensitivity to time delay costs 
in the patch-leaving task. Specifically, impulsivity was 
associated with a greater adjustment in patch-leaving 
times as delay varied, relative to less impulsive people. 
Previous attempts to understand impulsive behaviours 
have focussed on the concept of delay discounting within 
binary choice tasks. However, this has been criticised as 
theoretically increases in delay discounting associated 
with impulsivity could be explained either by increased 
delay sensitivity OR altered computation of background 
environmental reward rates. In this study, we were able 
to assess both these factors, clearly showing that impul-
sivity in people with HD was associated with increased 
sensitivity to time costs, but not changes in perception of 
background reward rate (indexed by the variability of their 
decisions). This could be explained by a direct effect of 
HD pathology on cost processing. Another possibility is 
that the effect is mediated by changes in time perception 
in HD. Recent work has shown that higher impulsivity in 
HD is associated with altered perception of time—spe-
cifically, thinking that more time has passed than really 
has (Morris et al., 2024b). In theory, if time is perceived 
as passing more slowly, waiting may feel longer, leading 

to an overestimation of time as a cost when integrated 
with reward decision variables. This hypothesis is con-
sistent with the results seen in the patch-leaving task. One 
strength of using a patch-leaving paradigm in this context 
is that time costs are experienced (actual waiting whilst 
‘traveling’ between patches) whereas in binary choice 
tasks, time delays are generally hypothetical.

It is important to consider limitations in interpreting the 
results of this study. The sample size in this work, whilst 
in line with other work in the field, was still relatively 
small, and it will be important to demonstrate these find-
ings can be replicated in a different sample. However, our 
null apathy results were strengthened by including two 
separate analyses, both of which showed no evidence for 
increased effort or delay cost sensitivity in apathetic peo-
ple with HD.

In addition, because we only had impulsivity scores for 
a subset of participants, it was difficult to directly compare 
apathy and impulsivity results. The impulsivity finding, con-
sidered exploratory, should be interpreted with caution due 
to the small sample size and requires replication in a larger 
cohort. To minimize possible fatigue effects, rest breaks 
were provided between task blocks, and the maximal effort 
required on a trial was capped at 60% of an individual’s max-
imal voluntary contraction. A proxy for fatigue—variability 
in leaving times—was not significantly different between 
blocks, suggesting fatigue was not an issue. Nonetheless it 
is important to consider the potential effects of cognitive and 
motor fatigue on task performance. Future work would also 
benefit from neurophysiological markers of reward and cost 
processing to accompany the behavioural results, in order to 
probe the neural underpinnings of behavioural changes seen 
in HD. A strength of this study is the application of a strong 
theoretical framework, developed and validated across mul-
tiple species, to understand neurobehavioural disturbances in 
Huntington’s disease—that of animal foraging theory.

In conclusion, we show that whilst people with Hunting-
ton’s disease performed a patch-leaving task in line with 
normative predictions, performance did not differ as a func-
tion of apathy. Specifically, and in contrast to previous work 
examining different types of decisions, people with apathy 
did not show heightened sensitivity to effort or time costs 
associated with patch-leaving. In contrast, impulsivity in 
HD was significantly associated with increased sensitivity 
to delay—but not effort—costs, providing evidence for dif-
fering decision variables being affected by these behavioural 
phenotypes, in a context where foreground and background 
reward rates must be compared to drive optimal behaviour.
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