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Abstract

Humans resist unequal distributions of goods in their social interactions, even if it requires foregoing personal gains. Functional neu-
roimaging studies implicate the insula in this aversion to social inequity and in fairness-related decisions, but a causal contribution
has not yet been established. We compared the responses of 30 patients with lesions to the insula on a multiple-trial version of the
one-shot Ultimatum Game, a neuroeconomic social exchange paradigmwhere a sum of money is split between two players, to those of
30 matched patients with brain injuries sparing the insula. Insula lesion patients accepted offers of an unequal disadvantageous split
significantly more often than comparison lesion patients. Computational modeling confirmed that this difference in choice behavior
was due to decreased aversion to disadvantageous inequity following insula damage, rather than due to increased decision noise or
non-consideration of inequity. Our results provide novel evidence that the insula is causally involved in aversion to inequity and in
value-based choices in the context of social interactions.
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Introduction
The distribution of goods is central to the makeup of human soci-
eties. Topics such as public health-care provision (like coronavirus
disease-2019 vaccines), performance bonuses for managers and
taxation rates are heatedly discussed. Also, our judgment of jus-
tifications for distribution and retribution policies depend upon
our perception of fairness. Over the past decade, the impor-
tance of fairness in social decision-making has been extensively
investigated in behavioral economics. One paradigm used for this
purpose is theUltimatumGame (UG; Güth et al., 1982). In this two-
player game, one player (‘the proposer’) has to split an amount of
money between themselves and the other (‘the responder’), who
can either accept the proposed split or reject it (in which case
neither player gets any money). A wealth of studies using the
UG has consistently found that responders reject offers that are
perceived as unfair (see review by Güth and Kocher, 2014). Such
behavior is costly, because it means forgoing one’s own payout,
and constitutes a violation of classic economic models of ratio-
nality. It is thought to be at least partially driven by an affectively
flavored aversion against inequity (‘inequity aversion’, e.g. Fehr
and Schmidt, 1999; Oberliessen and Kalenscher, 2019).

Research in social neuroscience has started to elucidate how

our brain processes inequity. Functional magnetic resonance

imaging (fMRI) studies of the UG and other social decision-making

paradigms point toward a strong involvement of the insula, a

brain area also implicated in empathy and the appraisal of social
norm violations (Molenberghs et al., 2012; Grecucci et al., 2013;
Valk et al., 2015; Lockwood, 2016; O’Connell et al., 2019; Tholen
et al., 2020). In UG responders, the insula is more strongly acti-
vated during the processing of unfair than of fair offers (Sanfey,
2003; Corradi-Dell’Acqua et al., 2016) and the degree of this acti-
vation difference is parametrically modulated by the emotional
reappraisal of the proposer’s intentions (Grecucci et al., 2013).
Furthermore, increased insula activity positively predicts offer
rejection decisions on the UG (Hollmann et al., 2011; Guo et al.,
2013; Feng et al., 2015), and effective connectivity between the

anterior insula and the anterior midcingulate cortex was found to

correlate with individuals’ reciprocity in a social interaction task
(Shaw et al., 2018). Some recent fMRI studies have also attributed
functional activity patterns within subregions of the insula to
emotional and cognitive processes that might drive inequity aver-
sion. For instance, Gao et al. (2018) suggested that aversion
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Fig. 1. Lesion overlap in the insula lesion group. Visualization of the lesion overlap of the patients with damage to the insula (n=30). The color bar
indicates the number of overlapping cases at each voxel.

to disadvantageous inequity (whether the subject receives less
than their co-player) is primarily associated with emotion- and
conflict-related processes recruiting the posterior insula (among
other regions), whereas aversion to advantageous inequity results
from mentalizing-related processes recruiting the anterior insula
(and other structures). Based on a meta-analysis, Bellucci et al.
(2018) argued that the dorsal anterior insula might mediate cog-
nitive processes that generate expectancy for norm compliance,
whereas the ventral anterior insula might mediate aversive feel-
ings that generate motivation for norm enforcement.

Despite this rich functional neuroimaging data, investigations
that would allow causal inferences concerning the involvement
of the insula in inequity aversion and fairness-related social
decision-making are still missing. The aim of the current study
was to fill this gap of knowledge by studying patients with a
focal lesion to the insula (n=30). We compared the choices of
insula lesion patients on an multiple-trial version of the one-
shot UG (responder role) to a group of age-, gender- and func-
tional impairment-matched patients with brain lesions sparing
the insula (n=30) and used a computational model to estimate
patients’ aversion to disadvantageous inequity (Fehr and Schmidt,
1999) and choice sensitivity. Based on the aforementioned neu-
roimaging results, we predicted that aversion to disadvantageous
inequity would be weakened or abolished after damage to the
insula and that—as a result—insula lesion patients would accept
more unequal offers than comparison lesion patients.

Methods
Participants and procedures
Thirty adult German-speaking stroke patients with lesions of the
insula (‘insula lesion group’; n=16 with damage to the right
insula, n=14 with damage to the left insula; see Figure 1) and
30 adult German-speaking stroke patients with lesions sparing
the insula (‘comparison lesion group’) took part in this study.
Patients in the comparison lesion group were matched to those in
the insula lesion group on a one-to-one basis in gender, age and
degree of functional impairment, quantified by the Barthel Index
(Mahoney and Barthel, 1965; Lübke et al., 2004; Table 1). This tar-
get sample size of n=60 (n=30 per group) allowed us to detect a
large group effect (f =0.40) in model-estimated inequity aversion

(for details see section Computational Modelling) with a power of
1 − Beta=0.861.

All patients were recruited during inpatient post-acute neu-
rorehabilitation at the Mauritius Hospital Meerbusch. Exclusion
criteria were severe cognitive impairment, aphasia and isolation
due to multiresistant germs. For the control group, damage to the
basal ganglia was also an exclusion criterion. In total, n=2031
patients were screened for eligibility, n=73 of which fulfilled the
inclusion criteria for the insula lesion group and n=201 of which
fulfilled the inclusion criteria for the lesion comparison group

Table 1. Demographics, clinical background data and question-
naire scores

Insula
lesion
group

Comparison
lesion
group Group comparison

(n=30) (n=30) χ2/T P

Gender (n, %)
Female 14 (46.7) 14 (46.7)
Male 16 (53.3) 16 (53.3)

0 1.000

Age (M, SEM) 71.87 (2.07) 71.90 (1.90) −0.05 0.962
Barthel Index
(M, SEM)

73.33 (4.22) 72.00 (3.71) 0.42 0.675

Diagnosis (n, %)
Ischemic
stroke

28 (93.3) 27 (90.0) 0.22 0.640

Hemorrhagic
stroke

2 (6.7) 3 (10.0)

Questionnaires (M, SEM)

DASS-21 4.86 (0.70) 4.24 (0.85) 0.55 0.587
HADS-D 4.83 (0.75) 4.90 (0.66) −0.06 0.951
AES 12.17 (1.52) 12.86 (1.70) −0.27 0.791
AMI
Total score 1.29 (0.10) 1.32 (0.08) −0.27 0.786
Behavioral 6.34 (0.78) 6.41 (0.61) −0.08 0.938
Social 9.62 (0.90) 10.14 (0.91) −0.41 0.682
Emotional 7.17 (0.66) 7.21 (0.74) −0.03 0.974

Note: DASS-21=depression subscale of the Depression Anxiety Stress Scales
(clinical cut-off≥10), HADS-D=depression subscale of the Hospital Anxiety
and Depression Scale (clinical cut-off≥8), AES=Apathy Evaluation Scale
(clinical cut-off≥18), AMI=Apathy Motivation Index.
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(see Supplementary Figure S1 in Supplementary Material for a
detailed description of the screening and recruitment process).

Patients underwent one or two behavioral testing sessions,
depending on attention and fatigue spans, which lasted
approximately 60min in total. They completed the UG and an
effort-based decision-making task (data not reported here). Addi-
tionally, they completed four self-report questionnaires on symp-
toms of depression and apathy: the Apathy Evaluation Scale
(Marin et al., 1991; Lueken et al., 2006), the Apathy Motivation
Index (Ang et al., 2017), the depression subscale of the Hospi-
tal Anxiety and Depression Scale (Zigmond and Snaith, 1983;
Herrmann et al., 1995), and the depression subscale of the 21-item
version of the Depression Anxiety Stress Scales (Lovibond and
Lovibond, 1995; Antony et al., 1998; Table 1).

Ultimatum Game
Weused amultiple-trial version of the one-shot UG, where partic-
ipants played against a new, gender-matched, anonymized virtual
opponent on each trial. Patients were told that they would be con-
nected to an online platform and play against real anonymized
co-players. They were further told that they would be randomly
assigned to either the proposer or responder role at the beginning
of the game and keep this role throughout the game. In truth, all
patients were assigned the responder role, co-players were com-
puter simulated and presented offers were predetermined. The
instructions also emphasized that patients would play with a new
person in each round. This design allowed us to repeatedly sam-
ple their responses to each offer while avoiding meta-cognitive
influences that may occur in repeated interactions with the same
co-player and attractiveness, and racial and other implicit biases
thatmay occur when playing against non-anonymized opponents
(Solnick and Schweitzer, 1999; Mendoza et al., 2014). The amount
to be split was €10 in all cases, the offer size varied from €0:€10
(highly disadvantageous) to €5:€5 (equal split), in 1-euro steps,
across trials. In each trial, patients were presented with one of
these offers, with the amount allocated to them and the amount
kept by the co-player, indicated both numerically and visually.
The patients then decided whether to accept or reject the offer
and indicated their decision through pressing a corresponding
button on the keyboard (see Figure 2). Patients completed 55 trials,
which entailed five repetitions of the €0:€10 offer and 10 repeti-
tions of each other offer (i.e. €1:€9, €2:€8, €3:€7, €4:€6 and €5:€5).
Prior to the start, task comprehension was confirmed through
two qualitative questions. At the end of the task, one trial was
selected for effective payout based on patient’s recorded choice.
The task was self-paced; on average, patients took approximately
15–20min to complete it. Mean acceptance rates for each offer
acted as a primary behavioral outcome measure.

Computational modeling
To decompose the processes underlying patients’ responses on
the UG, we fitted a reduced Fehr–Schmidt inequity aversionmodel
to their data using maximum-likelihood estimation:

U(offer)= V_Self− i∗ (V_Other−V_Self)

where U(offer) is the utility of the offer from the perspective of
the responder, V_Self is the amount allocated to the respon-
der, V_Other is the amount allocated to the proposer (i.e. the
co-player) and the estimated parameter i reflects the degree of
aversion to disadvantageous inequity (restricted to vary between

Fig. 2. UG. An exemplary trial of the UG is shown. First, a cue reminding
patients that they will be playing against a new opponent was
presented. Next, patients received an offer from this anonymized
co-player on how the pot of €10 will be split between them. Then they
indicated whether they wanted to accept this offer (in which case both
players receive the attributed amounts) or reject it (in which case
neither gets money and the pot decays).

zero and two1). Trial-by-trial estimates ofUwere transformed into
probability of offer acceptance using:

p(accept)= logistic(U,mu)

where mu is an inverse temperature parameter that character-
izes the choice consistency or lack of stochasticity (restricted to
be larger than zero). To assess the general validity of our model,
we compared it to a dummy model disregarding an influence of
the Offer Type and assuming a fixed acceptance rate per group
(p= c) and a prosocial model given by:

U(offer)= V_Self+w∗V_Other

where w reflects the degree of prosocial preference that deter-
mines howmuch the gain of others is weighed for one’s ownutility
(restricted to vary between zero and two).

Furthermore, we compared the predictions of our inequity
aversion model to those of a self-gain-only model:

U(offer)= eta∗V_Self

where eta is a non-negative scaling parameter. For offers with
a V_self > 0, the predictions of this model align with that of the
inequity aversion model. However, in the case of a €0:€10 offer,
the inequity aversion model postulates a negative utility and
thus predicts p(accept) < 0.5, whereas this self-gain-only model
postulates U(offer)=0 and predicts a p(accept)≈0.5.

1 We restricted the parameter spaces for i (in case of Fehr–Schmidt inequity
aversion model) and w (in case of the prosocial model) to avoid inflation of
parameter estimates for subjects that are overall less well-described by the
model. Furthermore, a larger parameter space (i andw<10) improved the fit of
the models only marginally according to AIC (Mdelta = 2.453) and BIC (Mdelta
= 2.043).
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Statistical analysis of behavioral data and model
parameters
All statistical analyses were conducted using R (R Core Team,
2020), particularly the stats4 and lme4 (Bates et al., 2015) pack-
ages. The significance level was set to alpha=0.05 for all analy-
ses. In a first step, we tested for differences in the accept/reject
choices of the insula lesion and the control lesion group, with a
logit-binomial generalized linear mixed effects model with the
lesion group, offer (six levels) and their interaction, as well as
total lesion volume as fixed effects and a subject-level random
intercept. Follow-up post hoc comparisons were conducted with
Bonferroni correction applied to P-values. Next, we compared
the parameters of our computational models (inequity aversion
model, prosocial model and dummy model) between the two
groups, while statistically controlling for total lesion volume,
using analyses of covariance. To differentiate the inequity aver-
sion model from a self-gain-only model in the choice domain, we
ran a one-sided binomial test on observed acceptance rates of
the €0:€10 offer. Graphical outputs were created with the ggplot2
(Wickham, 2011) package. An exploratory analysis of choice
times is reported in Supplementary Material (see Supplementary
Figure S3).

Neuroanatomical analysis
Patients’ lesions were traced on a structural T1- or T2-weighted
MRI (n=58) or CT (n=2) scan using theMRIcron software (Rorden
and Brett, 2000) and the SPM toolbox Clusterize (De Haan et al.,
2015). Next, structural scans and lesion traces were normal-
ized to an MNI305 template using the Clinical Toolbox (Ror-
den et al., 2012) in SPM12, using lesion-masked (Brett et al.,
2001) or enantiomorphic (Nachev et al., 2008) normalization. The
total volume of brain damage was extracted for each patient
using MRIcron. Since average total brain damage was signifi-
cantly larger in insula lesion group (M=44.55 cm3, SEM=10.88)
than in the comparison lesion group (M=12.29 cm3, SEM=4.92),
total lesion volume was statistically controlled for in all group
comparisons of behavioral data and model parameters. For
patients in the insula group, lesion volume within the grey mat-
ter of the insular cortex (Automated anatomical labelling (AAL)
atlas regions 29 and 30) was further extracted, in order to test
whether model-estimated inequity aversion was negatively cor-
related with the extent of insula damage (controlled for total
volume of brain damage outside the insula). Exploratory analy-
ses assessing potential effects of insula lesion laterality and of
insula subregions are reported in Supplementary Material (see
Supplementary Figures S4 and S5). Finally, a whole-brain voxel-
based lesion-behavior mapping analysis conducted in NiiStat
tested whether model-estimated inequity aversion and choice
sensitivity was predicted by damage of particular voxels in the
brain. Voxels affected in at least 10% of patients across both
groups were considered (n=4007), and Bonferroni correction was
applied.

Results
Behavioral analysis
Mean acceptance rates for each offer level in the two groups
are provided in Table 2 and Figure 3A. The analysis of this
main behavioral outcome found a significant interaction effect
of lesion group and offer (z=2.548, P=0.011, main effect of
offer). Follow-up separate comparisons of the (pooled) acceptance
rates of disadvantageous offers and the acceptance rates of the

Table 2. Mean acceptance rates for each offer level

Insula group Control group

Offer (self: other) M SEM M SEM

€0:€10 0.320 0.068 0.180 0.048
€1:€9 0.383 0.070 0.210 0.052
€2:€8 0.490 0.073 0.250 0.052
€3:€7 0.590 0.069 0.293 0.055
€4:€6 0.670 0.070 0.480 0.067
€5:€5 0.823 0.057 0.870 0.042

equal-split offer showed that insula lesion patients accepted dis-
advantageous offers significantly more often than comparison
lesion patients (W=14576, Pcorr <0.001, r=0.57), whereas accep-
tance rates of the equal split offer did not differ between the
groups (W=412, Pcorr =1.00). Furthermore, a significant effect of
total lesion volume on the acceptance rates was found (z=2.742,
P=0.006), indicating that a larger brain damage was associated
with higher acceptance rates.

Model-based results
The inequity aversion model provided a better description of the
data than the prosocial and dummy models for most patients
(n=16 of the insula lesion group and n=23 of the compari-
son lesion group) according to both the Akaike Information Cri-
terion (AIC) and the Bayesian Information Criterion (BIC; see
Supplementary Figure S2 in Supplementary Material). Accep-
tance rates for the €0:€10 offer were significantly lower than 0.5
(MInsulaGroup =0.32. s.d.=0.374, P<0.001, MComparisonGroup =0.18,
s.d.=0.264, P<0.001), in line with the prediction of the inequity
aversion model, but not that of the self-gain-only model. In
summary, patients’ choices were best explained by the inequity
aversion model.

Average inequity aversion (i) and choice consistency (mu)
parameters from the inequity aversion model are displayed in
Figure 3B–C. As predicted, inequity aversion was significantly
lower in the insula lesion group than in the comparison lesion
group (F=4.192, P=0.045, ηp2 =0.07), whereas choice consis-
tency did not differ significantly (F=1.284, P=0.262). Given that
i and mu were not normally distributed, we repeated the group
comparison with nonparametric Mann–Whitney U tests. Results
remain qualitatively unchanged (see Supplementary Material for
details). The two parameters were not correlated significantly
(r=−0.220, P=0.091; rho=−0.197, P=0.132).

The extent of insula damage negatively predicted superiority
of the inequity aversion model over the null model in the insula
lesion group (Wald χ2 =5.503, P=0.019, odds ratio [OR]=0.788,
95% confidence interval [CI]= [0.646, 0.962]). However, this rela-
tionship was rendered statistically non-significant when con-
trolling for volume of total brain damage outside the insula
(χ2 =2.300, P=0.129, OR=0.827, 95% CI= [0.648, 1.057]). The
exploratory voxel-based whole-brain analyses yielded no voxels
whose damage significantly predicted inequity aversion or choice
consistency across the two groups.

Discussion
The current study tested whether the insula plays a causal role
in inequity aversion and fairness-related social decision-making.
Choices of patients with insula lesions on a multiple-trial ver-
sion of the one-shot UG (responder role) were compared to those
of age-, gender- and general-impairment-matched patients with
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Fig. 3. Responses on the UG and model-estimated inequity aversion. Panel A shows the average acceptance rates per group and offer. Insula lesion
patients showed significantly higher acceptance rates than control patients for disadvantageous offers but not for the equal-split offer. Panel B shows
the average estimate and the complete distribution of the inequity aversion parameter i per group. In alignment with the behavioral results, insula
patients showed a significantly lower inequity aversion than control patients. Panel C shows the average estimate and the complete distribution of the
choice consistency parameter m per group, for which there was no significant group difference. Error bars indicate the standard error of the mean.

lesions sparing the insula. We found that insula lesion patients
accepted unequal offers significantlymore often and had reduced
model-estimated aversion to disadvantageous inequity than com-
parison lesion patients.

Our results provide novel evidence that the insula is causally
involved in value-based choices in the context of social inequity.
The observed lower tendency to reject unfair offers is consis-
tent with neuroimaging studies showing stronger activation of
the insula in response to unfair offers (Sanfey, 2003; Hollmann
et al., 2011; Guo et al., 2013; Feng et al., 2015; Corradi-Dell’Acqua
et al., 2016), but critically extends this previous data by show-
ing that damage to this structure manifests in altered behavior.
Our modeling results further confirm that the decreased rejec-
tion of unequal offers by our insula lesion patients was a direct
consequence of reduced inequity aversion, rather than increased
noise in valuation (captured by the choice sensitivity parame-
ter) or an indifference toward or lack of processing of the gains
of others (captured by the self-gain-only model). To our knowl-
edge, only one other study (Gu et al., 2015) has administered the
UG to patients with insula lesions and found no differences in
the acceptance rates of these patients vs healthy or lesion con-
trols. However, their insula lesion group consisted of only seven
patients andwas therefore heavily underpowered for detecting an
effect akin to the one we observed (post hoc power=0.269 for an
effect of r=0.57). Using a dynamic Rescorla–Wagner norm adap-
tation model, Gu and colleagues did find an increased sensitivity
to norm violations of UG proposers in their insula lesion patients.
Computationally, this parameter of their model is similar to the
inequity aversion parameter of the classic Fehr–Schmidt model,

which tentatively suggests an opposite effect as in our data. How-
ever, given that overt behavior in that study was insensitive to
insula lesions, it is difficult to judge the comparability of these
findings with those of the current study.

Previous neuropsychological studies have implicated the
insula in value-based decision-making in non-social contexts.
On laboratory tasks of decision-making under risk, insensitivity
to differences in expected value between choice options (Weller
et al., 2009) and impaired adjustment of betting choices to the
odds of winning (Clark et al., 2008) were observed. Another study
(Shiv et al., 2005) found reduced loss aversion on an investment
task in patients with insula damage. Finally, Clark et al. (2014)
showed that insula lesion patients are less susceptible to cogni-
tive distortions during gambling. The authors of the latter two
studies and others (e.g. Singer et al., 2009; Markett et al., 2016;
Von Siebenthal et al., 2016), have argued that these abnormalities
in value-based decision-making following insula lesions might
be related to the insula’s involvement in interoception and the
processing of peripheral emotion signals. While we have not col-
lected affect ratings, this hypothesis is broadly consistent with
our behavioral findings, as inequity aversion and rejections on the
UG have been postulated to be fueled by an emotional response
to (perceived) unfairness (c.f. Oberliessen and Kalenscher, 2019).
Perhaps paradoxically, the reduced rejection of unequal offers
observed in our insula patients would be more rational according
to some classic models of economic decision-making. However,
inequity aversion is thought to protect individuals from exploita-
tion and allow for long-term cooperation with non-kin (Brosnan,
2011; Brosnan and de Waal, 2014). Neuroimaging studies have
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also implicated the insula in the modulation of social affect by
perceived intentions of others (Grecucci et al., 2013), conflict-
related processes (Gao et al., 2018) and vicarious experience
(related to empathy; Lockwood, 2016). Together, these findings
implicate the insula in the processing of and response to others’
actions and intentions.

We note three limitations to the current study. The first is
that the insula obviously acts not in isolation, but rather within
an interconnected network. For instance, Touroutoglou et al.
(2012) found that two distinct networks are anchored in the
right anterior insula: a network related to the intensity of affec-
tive experience and a network associated with attention and
performance speed. In the context of social decision-making, a
recent study by Shaw et al. (2018) identified effective connectiv-
ity between the anterior insula and the anterior midcingulate
cortex as a neural correlate of individuals’ reciprocity. Our data
do not allow examining such network interactions, but future
studies might aim to investigate how insula damage affects net-
work activity during social and non-social value-based decision-
making. A second limitation is that damage in the insula lesion
group often encroached into the dorsal striatum (situated within
the same vascular territory) and, while this represents one of the
largest studies of insula damage in the literature, we had limited
power to statistically control for a potential contribution of stri-
atal pathology to the observed abnormalities in UG choices. How-
ever, single-case analysis indicated that insula lesion patients
without striatal involvement were among those with the most
strongly attenuated inequity aversion (see Supplementary Figure
S6 in Supplementary Material), speaking against striatal damage
underlying the results observed in the insular group. A third con-
straint is that our task design only included inequity that was
disadvantageous to the assessed individuals. Future work may
test if the insula is also involved in the perception of and reaction
to advantageous social inequity.

Conclusions
Wehere demonstrate that aversion to disadvantageous inequity is
systematically hampered in patients with insula lesions, whereas
choice consistency was unchanged. This presents novel evidence
that the insula is causally involved in social decision-making in
general, and in the processing and response to social inequity, in
specific.
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