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Functional neural substrates of football fanaticism: Different
pattern of brain responses and connectivity in fanatics

Basar Bilgic, MD,"** Elif Kurt, PhD
Bedia Samanci, MD

Aim: Sports activities provide social interaction for humans.
Commitment to a given team is a salient feature of being a
sports fan and becomes a prominent part of self-identification
for fanatics. Emotion, subjective hedonic experience, and
non-romantic love are related to fan behaviors. Few studies
have evaluated the neural basis of sports fanaticism.

Methods: Thirty men, including 16 football fanatics and
14 non-fanatics, with a mean age of 27.4 + 6.4 years (range,
20-48 years) were enrolled. Subjects underwent functional
MRI while watching a set of goals scored by favorite, rival,
and neutral teams.

Results: The analysis of variance in a general linear model rev-
ealed a significant Group x Condition interaction effect in the
bilateral dorsal anterior cingulate cortex (dACC) that was more
prominent in the left hemisphere. In the post-hoc comparisons,
fanatics showed increased activation in bilateral dACC, supple-
mentary motor area, superior frontal cortex, right dorsolateral
prefrontal cortex, and right insula for Favorite > Neutral contrast
and an increased activation in bilateral JACC and supplemen-
tary motor area for Rival > Neutral contrast. Seed-based

One of the defining features of the modern human being is its capac-
ity to engage in advanced social interactions, including social affilia-
tions." One popular mode of social interaction is sporting activities.
Football is one of the most popular team sports in the world. Commit-
ment to a given team is a salient feature of being a sports fan and the
performance of ‘the team’ often influences the emotional state of the
fans depending on the level of devotion.” *

There are several classification systems for sports fans based on
their levels of devotion. Hunt and coworkers grouped sports fans as
‘temporary fan,” ‘local fan,” ‘devoted fan,” ‘fanatical fan,” and ‘dys-
functional fan.’* In the case of fanatical and dysfunctional fans, com-
mitment to a favorite team becomes a prominent part of their social
identity. Another important determinant factor for fanatics is having
an opponent, a ‘rival team,” which introduces an in-group/out-group
bias in their social life. On the other hand, it was proposed that a feel-
ing of belongingness and passion for a football team could be consid-
ered as a form of non-romantic love called ‘tribal love.’>

The reward circuit, comprising several cortical and subcortical
areas, was found to be the shared activation region in different types
of emotional bonding (such as romantic love and maternal love) and
is co-activated in addition to areas specific to each type of bonding.’

,2* Cagn Can Makar, MD,' Cigdem Ulasoglu-Yildiz, PhD,**
,' Hakan Giirvit, MD,"? Tamer Demiralp, MD%>* and Murat Emre, MD'

connectivity analyses using the areas with significant activation
differences revealed increased connectivity between dACC and
several regions, including the left posterior lateral temporal area,
insula, bilateral medial temporal area, and medial superior fron-
tal area as well as the basal ganglia in fanatics compared to
non-fanatics.

Conclusion: Our results suggest that football fanatics
exhibit a different brain activation and connectivity pattern
from non-fanatics, both under favorable and unfavorable
conditions. This brain activity and connectivity pattern under
emotionally laden conditions may represent higher
responses to rewards, higher emotional valence attribution,
and stronger motivational state of football fanatics, which
might underlie their unusual behavioral responses.
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In the reward circuit, the reward value of the reinforcer is presumed
to be processed in anterior parts of the orbitofrontal cortex, an epicen-
ter for emotional processing and hedonic experience.” Reward values
are then utilized to affect behavior, learning, and memory as well as
providing subjective hedonic experience. The orbitofrontal cortex has
dense reciprocal connections with the anterior cingulate cortex (ACC)
and amygdala.® The ACC network, which has subcortical compo-
nents, such as the nucleus accumbens, ventral pallidum, and
mediodorsal thalamic nucleus, is modulated by dopaminergic input
from the ventral tegmental area.’ '°

We hypothesized that strongly devoted football fanatics may
show a different pattern of activation to emotional stimuli in the
reward circuit compared to non-fanatics. We aimed to test this
hypothesis using functional magnetic resonance imaging (fMRI) by
assessing neural responses to emotionally laden stimuli with positive
and negative valence.

Methods
Subjects

Thirty healthy male volunteers (16 football fans and 14 non-fanatic
football spectators, mean age 27.4 + 6.4 years, range 20—48 years)
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were included in the study. Exclusion criteria were any sensory defi-
cits, history of major neuropsychiatric disorders, and history of sub-
stance abuse except for tobacco use in the last month. The Sport
Spectator Identification Scale (SSIS) was used for quantifying the
degree of fanaticism.'' The validated Turkish version'* was adminis-
tered to all volunteers to measure their level of identification with the
Fenerbahge Sports Club, which is one of the most popular football
teams in Turkey. Categorization by Hunt and coworkers* was used to
classify fans into one of the five groups based on their level of dedi-
cation: temporary, local, devoted, fanatical, and dysfunctional. We
then divided the group into fanatic and non-fanatic subjects. Subjects
in the two strongest fanaticism categories (i.e., dysfunctionals and
fanaticals) were combined and named the ‘fanatics group,” and sub-
jects in the weakest fanaticism category (i.e., temporary supporters)
were named the ‘non-fanatics group’; those in the two remaining cate-
gories (i.e., local fans and devoted fans) were excluded from the
study.

Informed consent

The procedure was approved by the local Ethics Committee of Istan-
bul University, Istanbul Faculty of Medicine. Informed consent was
obtained from all individual participants included in the study.

Experimental paradigm

During the fMRI task, subjects viewed 15 consecutive videos. They
were 25 s long and each presented a goal-scoring moment, with 10-s
rest intervals between them (Fig. 1). The videos were divided into
three blocks, each including five consecutive videos. These were
(i) five goals scored by the favorite team (Fenerbahge) from the
National Football League against the main rival team (Galatasaray) in
a historical match in which the favorite team won 60 (Fav condi-
tion); (ii) five goals scored by the rival team (Galatasaray) against the
favorite team (Fenerbahge) in another historical match in which the
rival team won 5-1 (Riv condition); and (iii) five goals scored by a
team in a national league match in the Australian A-League with a
score of 5-0 (Neut condition). For neutrality and unfamiliarity, a
match from the Australian soccer league (A-League) was chosen
because the A-League is not popular in Turkey and no national TV
channels broadcast A-League matches. Also, the selected A-league
teams had different team colors to those of the favorite and rival
teams to minimize the similarity effect. After the MRI scan, partici-
pants were asked if they remembered the particular match of the goals
presented to them. All of them remembered the two matches involv-
ing their devoted team and the rival team. None of them declared that
they knew the A-League teams, or that they remembered the A-
League match presented to them as a neutral match.

All participants watched all 15 goals in order to avoid any con-
founding effects of familiarity. The five goals each for the favorite,
rival, and neutral teams were presented consecutively in three separate
blocks to obtain more stable affective responses by maintaining the
general context of each match. In order to exclude the priority effect,
the sequence of the Fav, Neut, and Riv matches was shown to half of
the participants in each group, whereas the other half watched the

Favorite

Fig. 1 Functional MRI paradigm. ‘Favor-
ite’ corresponds to videos of goals scored
by the favorite team in a past match
against the rival team, while ‘Rival’ corre-
sponds to the opposite condition. ‘Neu-
tral’ corresponds to videos of goals
scored in a match in another country. The
order of the ‘Favorite’ versus ‘Rival’ con-
ditions was reversed in half of the sub-
jects to eliminate priority effect.
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sequence of Riv, Neut, and Fav. Total duration of the experiment was
8 min 55 s for each subject.

MRI acquisition

Structural and EPI images were acquired on a Philips 3-Tesla MRI
system equipped with a SENSE-32 channel head coil (Philips
Achieva, Best, The Netherlands). High-resolution T1-weighted struc-
tural images were collected with 250-mm field of view, 160 slices,
1-mm slice thickness, and 0-mm gap.

Functional MRI data were obtained by using an echo-planar
imaging sequence with the following parameters: repetition time =2 s,
echo time = 30 ms, flip angle = 90, field of view = 224 mm
X 240 mm, acquisition matrix size = 112 X 117, 4-mm slice thick-
ness, 0-mm gap, voxel size = 2 X2 X 4 mm’ in-plane resolution.
Each volume contained 36 axial slices covering the whole brain, and
whole fMRI session consisted of 268 volumes following 10 dummy
volumes, with a total scan time of 9 min 16 s.

Data processing
Preprocessing

Image preprocessing was carried out using the statistical parametric
mapping software package (spm12; http://www.fil.ion.ucl.ac.uk/spm).
For each participant, functional images were first realigned to the first
scan to correct head motion. Only participants with head motion less
than £2 mm in the X, y, or z direction and less than £2° rotation in
each axis were included. The corrected images were then spatially
normalized to the Montreal Neurological Institute template in
spm12 and re-sampled to 2-mm? voxels. Finally, the functional images
were spatially smoothed by convolution with an isotropic Gaussian
kernel (full-width half maximum = 8 mm).

General linear model analyses

The first-level analysis was performed using a general linear model
(GLM) as implemented in spm12. For each subject, three temporal
regressors were specified, each one consisting of a boxcar time series
convolved with a canonical hemodynamic response function. The
regressors represented the time courses of the Fav, Riv, and Neut con-
ditions. The residual effects of head motion were modeled as
covariates of no interest in the analysis by including the six head-
motion parameters estimated during the realignment stage of the
preprocessing. The high-pass filter cut-off was 128 s.

In order to determine significant activations, a full-factorial
2 % 3 analysis of variance (aNova) with Group (two levels: fanatics
and non-fanatics) as between-subject factor and Condition (three
levels: Fav, Riv, Neut) as within-subject factor was computed using a
random-effects model. First, Group X Condition interaction was cal-
culated. Subsequently, in order to explore the nature of this interac-
tion, post-hoc analyses were performed. For the interaction and post-
hoc effects, a cluster-forming threshold was set at P < 0.005. Cluster-
level significance was set at family-wise error (FWE)-corrected
P < 0.05 for the interaction effect, and FWE-corrected P < 0.017 for
the post-hoc analyses adjusted by Bonferroni method for multiple
comparisons (Fav vs Neut, Riv vs Neut, Fav vs Riv). Additionally, to

Neutral
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Five blocks per subset of Favorite, Neutral and Rival conditions, 15 videos each presenting a
goal per block in total experiment
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Fig. 2 (Top) Analysis of variance revealed a significant Group x Condition interaction effect in the bilateral dorsal anterior cingulate cortex (AACC; 948 voxels, peak
coordinates: -8, 20, 30, F = 13.16, Prwe-corr = 0.003), centered on the left JACC. (Middle) Fanatics (FAN) compared to non-fanatics (NON-FAN) showed increased acti-
vation at a cluster of 2034 voxels (peak coordinates: —8, 20, 30, Tmax = 4.62, Prwe-corr < 0.001), including bilateral (more prominently left-sided) dACC, bilateral supple-
mentary motor area (SMA), bilateral superior frontal gyrus (SFG), and at a cluster of 1069 voxels (peak coordinates: 40, 40, 14, Tiax = 4.57, Prwe-corr = 0.011) centered
on the right middle frontal gyrus (MFG), comprising right dorsolateral prefrontal cortex areas for the favorite (Fav) vs neutral (Neut) contrast. (Bottom) The FAN revealed
increased activation in bilateral dJACC (more prominently in the right side), and bilateral SMA (1127 voxels, peak coordinates: 8, 6, 36, Tax = 4.09, Prwe-corr = 0.008)
compared to the NON-FAN for the rival (Riv) vs Neut contrast. The results are superimposed on the MNI-152-T1 (2-mm) standard image. Bar graphs in the right column
indicate group-averaged beta values extracted from 1st level contrasts while error bars represent standard error (cluster-forming threshold P < 0.005, combined with
cluster-level FWE-corrected Prwe-corr < 0.05 for interaction effect and cluster-forming threshold P < 0.005, combined with cluster-level family-wise error (FWE)-
corrected Pewe-corr < 0.017 with Bonferroni adjustment for post-hoc comparisons). ACC, anterior cingulate cortex.
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further determine the nature of both interaction and post-hoc effects
(i.e., whether the clusters showing interaction effect between Group
and Conditions and other clusters observed in post-hoc comparisons
were driven by greater activation in the fanatics group), the resulting
clusters were defined as regions of interest. Average beta values for
each ROI were extracted from first-level contrasts (Fav, Riv, and
Neut) of each subject using MarsBaR (http://marsbar.sourceforge.net)
and then illustrated with bar graphs by averaging for the fanatic and
non-fanatic groups (Fig. 2).

We focused on between-group differences in order to avoid any
confounding effects due to differences in familiarity of the subjects
for the matches from the national league versus that from another
country’s league. Consequently, we did not calculate the main effects.

Connectivity analysis

Functional connectivity analyses were carried out using the CONN-
fMRI functional connectivity toolbox Ver. 17 (www.nitrc.org/
projects/conn). In order to remove potential sources of noise, the
BOLD signal was bandpass filtered between 0.01 and 0.1
Hz. Additionally, the effects of the Fav, Riv, and Neut conditions,
white matter, and cerebrospinal fluid (CSF) components and the six
head-motion parameters derived from spatial motion correction were
added as confounds in the denoising step of the CONN toolbox.

Seed-to-voxel functional connectivity maps of the whole brain
were created for each participant. The areas with significant activation
differences (ACC and middle frontal gyrus [MFG] observed in the
post-hoc comparison of Fav vs Neut for Fanatics > Non-fanatics and
ACC seen in the post-hoc comparison of Riv vs Neut for Fanatics >
Non-fanatics) were defined as source ROI. Bivariate correlation coef-
ficients were computed between the time course of each source and
the time course of all other brain voxels. All correlation maps were
subsequently transformed to normal distribution by Fisher’s z
transformation.

Individual seed-to-voxel maps were entered into a second-level
analysis. We performed group comparison only for the Fav vs Neut
and Riv vs Neut contrasts by using the specific seeds that were cre-
ated regarding the activation area for the corresponding GLM con-
trast. A cluster-forming threshold of P <0.005 was used with a
cluster-level significance set at FWE-corrected P < 0.05.

Correlation analysis

Correlation analysis between fanaticism scores (SSIS) and the signifi-
cant activations in GLM (average beta values for each significant
cluster) was carried out in the fanatic group using spss Ver. 21.0
(IBM, Armonk, NY, USA).

Results

Two of the fanatic volunteers were excluded from the study, one due
to substance use just before MRI acquisition and the other due to
severe anxiety during scanning, resulting in a total population of
28 subjects (14 in the fanatics group and 14 in the non-fanatics

group). The mean age of the two groups was similar
(31.07 £ 10.39 years for fanatics and 27.51 + 8.78 years for non-
fanatics, P =0.33). There was a significant difference in the mean
SSIS scores between the fanatics (52.2 + 3.1) and non-fanatics
(7.3 £ 0.7; P=0.0001).

Activation differences

The 2 X 3 anova revealed a significant interaction between Group
and Condition in the bilateral dACC that was more prominent on the
left side (948 voxels, peak coordinates: —8, 20, 30 [left cingulate sul-
cus], F =13.16, Prwicor = 0.003, 0> =0.252; cluster-forming
threshold P < 0.005 combined with cluster-level FWE-corrected
PrwE-corr < 0.05). Post-hoc comparisons between the two groups
showed a statistically significant activation difference both for the Fav
vs Neut and Riv vs Neut contrast, while no significant activation dif-
ference was found for the Fav vs Riv contrast. For the Fav-versus-
Neut contrast, the fanatics showed increased activation at two clusters
compared to the non-fanatics: a cluster of 2034 voxels (peak coordi-
nates: —8, 20, 30 [left cingulate sulcus], Tpax =4.62, Prwg.
corr < 0.001, d = 1.05), including the bilateral dACC (more prominent
in the left side), supplementary motor area (SMA), and superior fron-
tal gyrus (SFG), and a cluster of 1069 voxels (peak coordinates:
40, 40, 14 [right middle frontal gyrus], Tyn.x = 4.57, Pewg-corr = 0.011,
d =1.03), centered on the right MFG, including the inferior frontal
gyrus (IFG), extending into the SFG and insula. For the Riv vs Neut
contrast, the fanatics showed increased activation as compared to
non-fanatics: a cluster of 1127 voxels (peak coordinates: 8, 6, 36 [right
cingulate sulcus], 7 =4.09, Ppwg-corr = 0.008, d = 0.93), bilateral
dACC (more prominent in the right side) extending into the bilateral
SMA (cluster-forming threshold P < 0.005 combined with cluster-
level FWE-corrected Prwg-corr < 0.017 with Bonferroni adjustment;
Fig. 2, Table 1).

Connectivity analyses

The cluster including mainly dACC (ACC seed-1) and the cluster
including mainly MFG (MFG seed), which were specific to the Fav
vs Neut contrast in which fanatic supporters showed increased activa-
tion compared to non-fanatic supporters, were used as source ROI for
the Fav vs Neut contrast. The ACC seed-1 showed increased connec-
tivity with two clusters in fanatics compared to non-fanatics for the
Fav > Neut contrast (cluster-forming threshold P < 0.005 combined
with cluster-level FWE-corrected Prwg.corr < 0.05). The first one
included the left middle temporal gyrus (MTG) and inferior temporal
gyrus (ITG; 1023 voxels, peak coordinates: —66, —50, —8 [left poste-
rior MTG], ¢t =6.76, Prwg-corr = 0.0003, d =2.65) and the second
included the posterior parahippocampal gyrus (PHG), hippocampus,
and posterior fusiform gyrus (FusG; 999 voxels, peak coordinates:
—14, -8, —14 [left hippocampus], ¢ =5.37, Prwg-corr = 0.0004,
d =2.11; Table 2 and Fig. 3). The MFG seed did not show any sig-
nificant connectivity differences between the two groups for the Fav
vs Neut contrast.

Table 1. Full factorial 2 X 3 aNova results of the activation analysis

Comparison Regions showing significant activation Size (voxel) ~ MNI Peak coordinates  Fia/Tmax  PFWE-corr
Group X Condition interaction Bilateral dACC 948 -8, 20, 30 13.16 0.003
Fav vs Neut Bilateral dACC, bilateral SMA, and SFG 2034 -8, 20, 30 4.62 <0.001"
Fav vs Neut Right MFG, IFG, SFG, and insula 1069 40, 40, 14 4.57 0.0117
Riv vs Neut Bilateral dACC and SMA 1127 8, 6,36 4.09 0.008"

Fanatics > Non-fanatics comparison.

dACC, dorsal anterior cingulate cortex; Fav, favorite; FWE, family-wise error; IFG, inferior frontal gyrus; MFG, middle frontal gyrus; MNI,
Montreal Neurological Institute; Neut, neutral; Riv, rival; SFG, superior frontal gyrus; SMA, supplementary motor area.
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Table 2. Seed-to-voxel whole brain connectivity analysis for the ACC seed-1 for the Fav > Neut contrast and for the ACC seed-2 for the

Comparison Regions showing significant connectivity Size (voxel) MNI Peak coordinates Tinax PrwE-corr

Fav > Neut Left MTG and ITG 1023 —66, —50, -8 6.76 0.0003
Left PHG, HC and FusG 999 —-14, -8, -14 5.37 0.0004

Riv > Neut Left MTG, STG, ITG and FusG 1527 —44,-50, -12 5.06 0.00001
Left FusG and culmen 460 -22,-32,-22 4.12 0.045
Bilateral medial SFC 913 12, 68, 22 4.96 0.001
Left putamen, insula, PHG, caudate and amygdala 1308 -34,-4,0 5.12 0.00005
Right putamen, PHG and amygdala 491 28,8, -6 4.92 0.034

Fanatics > Non-fanatics comparison.

temporal gyrus; SFC, superior frontal cortex.

ACQC, anterior cingulate cortex; Fav, Favorite; FusG, fusiform gyrus; FWE, family-wise error; HC, hippocampus; ITG, inferior temporal gyrus;
MNI, Montreal Neurological Institute; MTG, middle temporal gyrus; Neut, Neutral; PHG, parahippocampal gyrus; Riv, rival; STG, superior

ACC SEED - 1

FAN > NON-FAN Fav > Neut

o

y=-50

t values

Fig. 3 Increased functional connectivity of the anterior cingulate cortex (ACC)
seed-1 with (a) left middle temporal gyrus (MTG) and inferior temporal gyrus (ITG;
1023 voxels, peak coordinates: —66, 50, -8, t = 6.76, Prwe-corr = 0.0003) and
(b) the left parahippocampal gyrus (PHG), hippocampus (HC), and fusiform gyrus
(FusG; 999 voxels, peak coordinates: —14, -8, -14, t = 5.37, Prwe-corr = 0.0004)
in fanatics (FAN) compared to non-fanatics (NON-FAN) for Favorite (Fav)
> Neutral (Neut) contrast (cluster-forming threshold P < 0.005, combined with
cluster-level family-wise error (FWE)-corrected Prwe-corr < 0.05). The results are
superimposed on the MNI-152-T1 (2-mm) standard image.

The cluster including mainly dACC (ACC seed-2), which was
specific to the Riv vs Neut contrast in which fanatic supporters
showed increased activation compared to the non-fanatic supporters,
was used as the source ROI for the Riv-versus-Neut contrast. ACC
seed-2 showed increased connectivity with five clusters in fanatics
compared to non-fanatics for the Riv > Neut contrast (cluster-forming
threshold P <0.005 combined with cluster-level FWE-corrected
PrwE-corr < 0.05). The first one was located at the left lateral temporal
region, including MTG, STG, ITG, and FusG (1527 voxels, peak
coordinates: —44, —50, —12 [left ITG], ¢ = 5.06, Prwg-corr = 0.00001,
d =1.98). The second included the left FusG and culmen (460 voxels,
peak coordinates: —22, —32, -22 [left FusG], ¢t =4.12, Prwg.
corr = 0.045, d = 1.62). The third cluster included the bilateral medial
superior frontal cortex (913 voxels, peak coordinates: 12, 68, 22 [right
medial superior frontal cortex], t = 4.96, Prwg-corr = 0.001, d = 1.95).
The fourth cluster included the left putamen, insula, PHG, caudate,
and amygdala (1308 voxels, peak coordinates: —34, —4, 0, t =5.12,
0.00005, d =2.01) and lastly the fifth cluster included the

P FWE-corr —
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Fig. 4 Increased functional connectivity of the anterior cingulate cortex (ACC)
seed-2 with (a) left middle temporal gyrus (MTG), inferior temporal gyrus (ITG), supe-
rior temporal gyrus (STG), and fusiform gyrus (FusG; 1527 voxels, peak coordinates:
—44, -50, -12, t = 5.06, Prwe-corr = 0.00001); (o) left FusG and culmen (460 voxels,
peak coordinates: —22, -32, -22, t = 4.12, Prye-corr = 0.045); (c) bilateral medial supe-
rior frontal cortex (SFC; 913 voxels, peak coordinates: 12, 68, 22, t = 4.96, Prwe.
cor = 0.001); (d) left putamen, insula, parahippocampal gyrus (PHG), caudate, and
amygdala (1308 voxels, peak coordinates: —34, —4, 0, t = 5.12, Prye-cor = 0.00005);
and (e) right putamen, PHG, and amygdala (491 voxels, peak coordinates: 28, 8, -6,
t = 4.92, Prwe-cor = 0.034) in fanatics (FAN) compared to non-fanatics (NON-FAN) for
Rival (Riv) > Neutral (Neut) contrast (cluster-forming threshold P < 0.001, combined
with cluster-level family-wise error (FWE)-corrected Prwe-cor < 0.05). The results are
superimposed on the MNI-152-T1 (2-mm) standard image.
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right putamen, PHG, and amygdala (491 voxels, peak coordinates:
28, 8, -0, t = 4.92, PrwE-corr = 0.034, d = 1.93; Table 2 and Fig. 4).

Correlation analyses

Spearman’s correlation was run in the fanatic group to assess the rela-
tion between the SSIS scores and the significant activations in GLM
(average beta values for each significant cluster). There was a positive
correlation between the Fav > Neut contrast (average beta values for
the ACC cluster obtained from the Group X Condition interaction)
and SSIS scores (r; = 0.588, P =0.13 [1-tailed]) and between the Fav
condition (average beta values for the ACC cluster obtained from the
Fav vs Neut contrast in the post-hoc analysis) and SSIS scores
(rs = 0.499, P = 0.35 [1-tailed]).

Discussion

Our results revealed that devoted football fanatics exhibit a different
pattern of brain activation and connectivity as compared to non-
fanatics while experiencing a favorable or unfavorable outcome of
their team in comparison to a ‘neutral’ condition. The main finding
was increased recruitment of the dACC (corresponding to the ‘mid-
cingulate cortex’, the term recently proposed to describe this distinct
area), during both positive and negative experiences associated with
their team in fanatics as compared to non-fanatics. In addition, as pos-
itively correlated with an individual’s fanaticism level, viewing the
success of the favorite team elicited dACC activation that was more
pronounced on the left side, with an additional activation on the right
dorsolateral prefrontal cortex as compared to viewing the success of
the rival team, which elicited activation in the posterior part of the
dACC and was more pronounced on the right side regardless of the
individual’s fanaticism level. Functional connectivity analyses yielded
increased connectivity of the dACC with the left posterior lateral tem-
poral and left posterior medial temporal areas during a favorable con-
dition, and a more widespread connectivity with the brain regions
including the left insula and left posterior lateral temporal area as well
as bilateral medial temporal, bilateral medial superior frontal areas,
and bilateral basal ganglia during the opposite condition. The MFG
seed, however, did not show any significant connectivity differences.

In order to avoid confounding effects, such as familiarity with
the specific football events, two well-known matches between the
favorite and rival teams were selected, and both fanatic and non-
fanatic subjects confirmed that they had seen these specific matches
before. In addition, a neutral match was selected from a foreign
league that is not broadcasted in Turkey and it was verified that none
of the subjects had seen this match previously. Nevertheless, a differ-
ence in familiarity with the matches from the national versus a for-
eign league cannot be excluded with certainty, which may be a
potential confounding factor. The difference in familiarity, however, is
equally likely for both fanatic and non-fanatic subjects; we therefore
assume that the between-group differences are not caused through
familiarity effects.

The ACC, as regards the main finding in this study, has been
attributed to both affective and cognitive functions, such as assigning
emotional valence to internal and external stimuli, motivation, modu-
lation of emotional responses, processing of pain, error monitoring,
response selection, and execution of movements.'> Recently both dor-
sal and ventral ACC have been implicated as the major hub for the
‘empathy circuit’ and ‘core self network.”'*"'® The ACC also partici-
pates in the reward circuit with functional specializations: ventral
ACC activity correlates with the expected value of options, whereas
action—selection activates dorsal ACC. Cognitive functions of the
ACC, which are generally subsumed under the term ‘cognitive
control,” can be listed as conflict-monitoring, approach—avoidance
decisions, willed control of actions, and emotional appraisal.'” The
ACC is also associated with affective behaviors and psychiatric mor-
bidities. Electrical stimulation of the ACC was shown to induce emo-
tional responses, such as fear, pleasure, euphoria, sense of well-being,
and agitation.”> Lesions in the ACC were associated with various
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affective changes, including apathy, depression, obsessions, disinhibi-
tion, and hypersexuality. In a study using resting-state fMRI, impul-
sivity, which is a common feature in fanatics, was linked to functional
connectivity of ACC.'®

In our study, both favorable (positive emotions) and opposite
(negative emotions) conditions were associated with significant acti-
vation of the dACC. This may be related to the emotional valance
and emotional awareness of both conditions compared to the neutral
condition (no or less emotions) as the ACC plays a critical role in
assigning emotional valance to all kinds of stimuli. This assumption
is supported by regional cerebral blood flow studies showing a posi-
tive correlation between emotional awareness (as measured by a
scale) and activity in the dACC while viewing emotional films or pic-
tures, but only when the emotional stimuli were highly physiologi-
cally arousing.'” ' 2° The increased activity in the ACC,
dorsolateral prefrontal cortex, and insula in our study may also be
related to invoking emotional memories from the past (since all goals
were from previous matches), as it was also shown that remembering
emotional events was associated with activation in the ACC, insula,
and prefrontal cortex.?! According to Keenan and coworkers, the right
dorsolateral prefrontal cortex is likely to be involved in the memory
of information that is personally meaningful.?> This may explain the
co-activation of the right MFG, SFG, and IFG in addition to the
dACC in our study. Lateralization of activity in the dACC observed
predominantly on the left side during the favorable condition and on
the right side during the opposite condition may be explained as fol-
lows: There is evidence for lateralized autonomic regulation by the
cingulo-opercular network, parasympathetic activity rezgulated by the
left and sympathetic activity by the right side,” associating
parasympathetic-dominant relaxed, pleasant feelings with left-sided
activity and sympathetic-dominant angry, unpleasant feelings with
right-sided activity.

The ACC has also been shown to play a critical role in various
social interactions and attachment behaviors, including maternal—
infant interaction, romantic love, and social categon'zation.é’ 13
Supporting a sports team fanatically and extreme disliking of a rival
team are examples of attachment and detachment behaviors. These
behaviors are strongly associated with the brain’s reward circuit,
including the ACC, limbic structures, and insula. Involvement of
these areas may constitute a link to the evolution of human social
behavior: Cikara and coworkers suggest that ‘evolutionarily old neural
systems, which may have developed to respond to physically reward-
ing and painful stimuli in the service of reinforcing adaptive behav-
iors, have evolved to encode group-level rewards and punishments.”>*

While various functions can be associated with activations of
these brain areas, from a network approach, they are also part of dis-
tinct intrinsic connectivity networks. Functional connectivity MRI
studies revealed that MFG and IFG comprise the anterior portion of
the central executive network (CEN; also called the ‘frontoparietal
network’), while the dACC is the major dorsal hub for the salience
network (SN). The SN, which also includes other distinct limbic
areas, is thought to identify the most relevant among several internal
and external stimuli in order to guide behavior.?> Converging evi-
dence from a number of neuroimaging studies suggests that the SN
responds to the degree of subjective salience, whether cognitive,
homeostatic, or emotional.>® Menon suggests that the SN contributes
to a variety of complex brain functions, including communication,
social behavior, and self-awareness, through integration of sensory,
emotional, and cognitive information.?” He also suggests that in the
SN, events that are likely to be perceived as salient include stimuli
that are pleasurable and rewarding, self-relevant, or emotionally
engaging. It is apparent that all these emotions correspond to feelings
of a football fanatic while watching and remembering a memorable
past victory.

A study by Stevens and coworkers revealed a positive correlation
between emotional awareness and activity in the dACC and suggested
that greater activation of this area in individuals with higher emo-
tional awareness might indicate greater deployment of attentional
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resources to emotional processing.'” According to a model proposed
by Bressler and Menon, the SN acts as a dynamic switch between the
default mode network (DMN) and the CEN: When the demand is for
an endogenously mediated, self-referential mental activity, the SN
engages the DMN and suppresses the external irrelevant stimuli. In
contrast, when the demand is for an exogenously driven, cognitively
demanding mental activity, the SN recruits the CEN in order to
manipulate information in working memory while suppressing the
DMN to keep attention focused on task-relevant activities.”® Co-
activation of areas involved in the SN and CEN in our study is in
accordance with the second condition: It is likely that the salience
value attributed by the SN to the scenes involving the favorite team’s
goals recruits the CEN in order to maintain what is viewed in the
working memory.

While the role of activated areas are discussed with a functional
and network perspective above, our task-based functional connectivity
analyses further revealed connectivity changes between the dACC
and a set of temporal lobe structures. In the fanatic group, the favor-
able condition was found to be associated with increased functional
connectivity between the dACC and left MTG, ITG, pMTG, posterior
parahippocampal cortex, and posterior temporal fusiform cortex. The
majority of these regions are part of the DMN, semantic control net-
work, and visual network. Hyperconnectivity between the dACC and
DMN areas may represent the neural correlate of heightened emo-
tional valence attributed by the fanatics to their object of choice
(i.e., their favorite team). These connectivity differences in emotional
networks may underlie the abnormal emotional processing and may
be associated with hyperemotional behaviors seen in fanatics. The
ITG is a component of the ventral visual association cortex that
carries information related to object- and face-recognition to the hip-
pocampus. It feeds to the perirhinal cortex and then to the posterior
EC (BA28), which also receives spatial information from the poste-
rior parahippocampal gyrus, where both spatial and object-related
aspects of experience are inte§rated and fed into hippocampal forma-
tion for later recollection. *° No direct connection exists between
the dACC and ITG. Nevertheless, both areas can be considered to
feed mnestic information to the SN. Hence, football fanatics may
have enriched neural circuits feeding emotional-memory contents
into their SN.

Another explanation for connectivity patterns observed in our
study may be the different responses of the brain due to the recogni-
tion of different types of stimuli. The JACC may be in a critical posi-
tion in modulating the recognition of stimulus type. In our study, the
unfavorable condition elicited more widespread couplings between
the ACC and regions mainly found in the favorable condition in con-
junction with right medial temporal structures, bilateral putamen, and
left insula. Different couplings may be related to the modulating
effect of the dACC, leading to higher involvement of limbic struc-
tures and additional participation of insula and basal ganglia struc-
tures and the medial superior frontal cortex for the recognition of
stimuli with negative emotional valance. In an fMRI study comparing
betting versus watching conditions, the betting condition including
stimuli with reward-value elicited an increased connectivity between
the insula and parahippocampal, lingual, and occipital gyrus. This
finding was thought to be an indicator of higher engagement of stimu-
lus recognition and the perceptual saliency process for the stimuli
associated with reward, and the insula was proposed as a modulator
region in recognition of stimuli with or without reward value.>' Simi-
larly, in conditions with negative and positive emotional valance as in
our study design, the dACC may play the critical modulating role of
the insula for the recognition of the different types of stimuli that are
emotionally laden rather than carrying a reward value.

In a recent neuroimaging study, Duarte et al. analyzed football
fans’ reactions to winning and losing moments of their favorite team.>
They found significant activations in the inferior temporal lobe, amyg-
dala, hippocampus, insula, putamen, globus pallidus, thalamus, ven-
tral tegmental area, substantia nigra, and right caudate in the positive
versus negative moments, which is similar to the Fav > Riv condition
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in our study. They also found involvement of the inferior temporal
lobe, right parahippocampus, hippocampus, and amygdala bilateral
ventral tegmental area and posterior cingulate in the positive versus
neutral comparison, which is similar to the Fav > Neut condition in
the current study. The discrepancy in the activated areas between the
two studies may be related to classifying the fans according to their
fanaticism level in our study.

There are several limitations to our study. It has been shown that
fanatics, especially dysfunctional ones, frequently have negative per-
sonality traits, such as impulsivity, aggressiveness, excitability, and
emotional instability. Antisocial personality disorder is also com-
mon.*? We did not perform a detailed psychiatric evaluation to assess
presence and severity of psychopathology in our sample. We cannot
exclude that altered neural response patterns observed in fanatics may
be related to personality traits and psychopathology commonly seen
in these subjects. Another limitation of this study is the relatively
small sample size. We also did not include any videos containing
non-football content as a control. These limitations should be
addressed in future studies that attempt to replicate these findings.

In conclusion, our results suggest an alteration in task-related
emotional processing associated with altered regional activity and
brain connectivity in devoted football fanatics. Altered brain activity
and connectivity under emotionally laden conditions may lead to
higher response to rewards, higher emotional valence attribution, and
stronger motivational state of football fanatics that might underlie
their exaggerated behavioral responses. Further studies could assess
the relevance of these brain changes with common psychopathologies
seen in fanatics who are extremely enthusiastic about and devoted to
a sports team. Moreover, neuroimaging studies on all types of fanati-
cism would be worthwhile to understand the exact role of the ACC in
people with extreme devotion and beliefs.
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