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How spontaneous brain activity and narcissistic features shape social interaction.
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fMRI data acquisition

For each participant, BOLD contrast functional imaging was performed with a Philips Achieva
scanner (Andover, MA) at 3T at the Institute of Advanced Biomedical Technologies, Chieti, Italy.
An initial T1-weighted anatomical (3D TFE pulse sequence) was acquired with the following
parameters: field of view = 240mm; voxel size = (Imm X Imm X Imm); TR 8.1; TE 3.7. Two
resting-state fMRI runs (number of fMRI frames/run: 180) and eight task fMRI runs (number of
fMRI frames/run: 235) were acquired in a single fMRI session (T2* weighted EPI sequence with
TR = 2000 ms; TE = 35 ms; 31 slices; slice thickness = 3.5 mm; in-plane voxelsize = 2.875 x 2.875;
field of view = 230 mm; flip angle = 90°).

Additional information on Pathological Narcissism Inventory (PNI)

The concept of narcissism has its roots in psychodynamic theory and it’s also central in the
diagnosis of personality disorders according to the DSM-5'Today, narcissism is considered a
personality trait that can be found in healthy subjects and is widely seen as a continuum from
healthy self-esteem to severe narcissistic pathology”.

Narcissism has been conceptualized in two forms: narcissistic grandiosity (NG) is
characterized by lack of empathy, arrogant behavior, inflated focus on self and willingness to
exploit others individuals®™®, whereas narcissistic vulnerability (NV) is characterized by
susceptibility to self- and emotional dysregulation (e.g., self-esteem, shame, anger, anxiety, envy)
when narcissistic needs are not met”.

Recently, exploratory’ and confirmatory factor analysis® found strong support for a higher-
order factor structure that conforms to the theoretical structure of narcissism, with correlated factors
representing NG and NV. Higher scores represent higher levels of pathological narcissism. We
focused our analysis specifically on the NG and NV scales. The internal consistencies of NG and
NV were .86 and .95".

fMRI data pre-processing

Pre-processing steps were implemented in Analysis of Functional Neurolmages software®
including: 1) slice timing correction; 2) rigid body correction/realignment within and across runs.
Six head motion parameters, three translational and three rotation parameters, were estimated and
frame-wise realignment was performed using AFNI's 3dvolreg command. After the estimated
motion parameters were visually inspected, participants with head motion larger than + 2 mm
translation or £ 2.5° rotation were eliminated’; 3) co-registration with high-resolution anatomical
images; 4) spatial normalization into Talairach stereotactic space; 5) resampling to 3 x 3 x 3 mm’
voxels; 6) regressing out linear and nonlinear drift (equivalent to a high-pass filtering of 0.0067
Hz), head motion and its temporal derivative, and mean time series from the white matter (WM)
and cerebrospinal fluid (CSF) to control for non-neural noise'’. The WM and CSF masks were
eroded by one voxel'' to minimize partial voluming with gray matter; 7) spatial smoothing with a 8
mm full-width at half-maximum isotropic Gaussian kernel.

Experimental Task-fMRI

During the task-fMRI runs (8 x 7.8 minutes each), a wooden table was placed on the participant’s
legs. During the experiment, the participant's right hand was resting on an object placed in the
center of the table. The object consisted of a brush covert with velvet (inducing a pleasant sensation
when brushing on someone's skin) or sandpaper (inducing an unpleasant sensation when brushing
on someone's skin). An inanimate hand and an animate target (the hand of another volunteer who
was standing next to the scanner) were both placed next to the participant’s hand.



To keep the participants naive about whose hand was placed on the table, they were not
introduced to the other person prior to the experiment and it was not be possible for them to see the
hand or the individual they touched during the experiment. To avoid systematic effects of the
location where the animate and inanimate target were placed, their position was pseudo-randomized
throughout the experiment (i.e., on the right and left side of the participant’s hand). Before each
individual fMRI run, the participant was informed about on which side of his own hand the animate
and inanimate target was placed. Behavioral performance accuracy of participant was monitored
during the experiment through a video camera placed in the MRI room.

During the task fMRI runs, the participant completed a series of touch and no-touch trials.
Trial order was randomized. Each trial, either touch or no-touch, started with a visual cue consisting
of a black and white line drawing. The drawing indicated the target of the touch (what had to be
touched), that is, the animate or the inanimate target.

The visual cues were presented for a duration of 1000 ms and were always followed by a red
fixation cross. After 3000 ms, the red fixation cross could become either green (touch trials;
duration = 6000 ms) or black (no touch trials; variable duration = 14000/16000/18000 ms).
Concerning the "touch trials", when the red fixation cross turned green (40% of the trials), the
participant was required to rub either the animate target (32 trials) or the inanimate target (32 trials)
using the object. When the green fixation cross turned black, the participant had to bring his hand
and the object back to the original position on the table.

With respect to the "no touch trials", in case the red fixation cross became black (60% of the
trials), the participant was required to keep his hand on the table and to wait for the next cue.

Task fMRI analysis
Trial onsets were defined for a deconvolution analysis (3dDeconvolve in AFNI) using a general
linear model approach. Separate predictors were established for the four different types of trials
(No-touch animate target or Inanimate target; Touch animate target or inanimate target) and
modeled with HRF estimated by the BLOCK option in AFNI. The intertrial interval was used as a
baseline period and was not modeled. In addition, the six head motion parameters calculated in the
pre-processing steps were included in the model.

The model produces an effect estimate (beta) for each basis function, representing an
estimate of the activity amplitude at the corresponding time relative to stimulus onset. In this way,
both the shape and the amplitude of the hemodynamic response can be simultaneously estimated.

Behavioral Validation of the task-fMRI stimuli

Prior to the fMRI sessions, behavioral measurements similar to the fMRI task were performed in 74
participants (37 females; mean age 24.4 years, standard deviation = 2.6) not participating in the
fMRI experiment. The aim of these measurements was to validate the fMRI task (touching an
animate versus inanimate target) as a social task. Participants were asked to follow directions on a
screen of a laptop and to touch the hand of another individual (animate target) or the mannequin’s
hand (inanimate target) with an object covert with velvet (inducing a pleasant sensation when
brushing on someone's skin) or sandpaper (inducing an unpleasant sensation when brushing on
someone's skin). Different materials were used alternatively as confounders. Participants could only
see the hand of the other individual. After the task, participants were asked to answer the questions:
“How much did you feel like the other? or How much did you feel like the mannequin?” (translated
from Italian) to assess “social awareness”; “How much did you consider the other similar to you?
Or How much did you consider the mannequin similar to you?” (translated from Italian) to assess
“similarity”. To indicate the degree of “social awareness” and “similarity” participant’s responses
were obtained by a drawing horizontal line on a Visual Analogue Scale (vertical line of 10 cm)
ranging from low social awareness to high social awareness and low similarity to high similarity,
respectively. Ratings were quantified by measuring the distance in mm between the lower point of
the line and the sign of the participant on the scale.



A paired-sample t-test was performed and elicited a significance difference between the
animate target and the inanimate target for the constructs of “social awareness” (t= 13.345; p=
0.00001) and “similarity”’(t=9.257; p= 0.00001)

Thus, these behavioral data confirm that the animate target was perceived by the participants
as more socially involving as well as similar to the self, compared to the inanimate target.
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Supplementary Figure 1.
Paired sample t-test for the construct of spontaneous social awareness for the animate and the
inanimate target (t> 13.345; p< 0.0001) and for the construct of similarity for the animate and the

inanimate target (t>9.257; p< 0.0001). Graphs represent the mean scores and Standard Error.
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Supplementary Figure 2. The effect of the anticipation of animate vs. inanimate target in four
randomly selected single participants. The effect of the significant difference between animate

and inanimate target (p < 0.005, uncorrected) is shown in left postcentral gyrus (SI).
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