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The narcissistic self and its psychological and neural correlates.
An exploratory fMRI study

SUPPLEMENTAL METHODS
fMRI paradigm

Empathy blocks: The empathy block started with a short finger tapping task, which makes it possible to identify the brain region associated with hand movement of each subject in the primary motor cortex. Through a short introduction of 6 s presented on the screen, subjects were told to repeatedly press a button with their index finger 32 times, at the speed indicated by the change of brightness of the fixation cross, and at a frequency of approximately 2 button presses per second. The empathy task started immediately after the finger tapping task with again the presentation of a 6 s instruction. Subjects were asked to empathize with the presented emotional face, which was expressed by the instruction phrase “please try to share the emotional state of the shown person”. A total number of 40 empathy trials were presented in a randomized order. Every empathy trial began with the 5 s lasting sole display of an emotional face or the presentation of a control stimulus. Immediately after the presentation of the emotional face a subjective evaluation task was presented and subjects were asked to rate their ability to empathize by moving a virtual bar of a visual analogue scale. Prior to the following empathy trial a short inter trial interval was presented, which lasted for 2 or 3 s.

Stimuli: The emotional face stimuli were taken from the ‘Japanese and Caucasian Facial Expressions of Emotion (JACFEE) and Neutral Faces (JACNeuF)’ battery provided by Matsumoto and Ekman (1988). A number of 8 different faces were shown in the emotional expression of angry, disgusted, happy, and neutral, resulting in a total number of 32 different faces. Each emotion was expressed by 4 Caucasian and 4 Japanese actors (male:female = 1:1). Considered automatic empathic responses might be induced by the mere presentation of emotional faces, even without a specific instruction to empathize (Yamada and Decety, 2009), our control condition was presenting smoothed pictures with unrecognizable contents, which was transformed from neutral face using a smoothing function (Gerlach et al., 2002). The stimuli were used repeatedly over three empathy blocks. The presentation of different emotions enabled the subject to empathize with a broad range of emotions. Sixteen out of 34 subjects erroneously watched contempt instead of neutral pictures, though none the subjects were aware of this, they were not included into the analysis concerning neutral faces. To acquire additional information of how the emotional stimuli were subjectively perceived by the subjects, an evaluation of all emotional stimuli was performed after the fMRI session. All subjects watched the stimuli and gave subjective ratings of their impression of (i) self-relatedness, (ii) emotional intensity, (iii) valence, (iv) cognitive empathy, (v) emotional empathy, and (vi) sympathy concerning the shown person.

Reward blocks: The reward task was a modified version of the “Monetary Incentive Delay Task” (MID) as introduced by Knutson and colleagues (Knutson et al., 2001a,b). Every reward block started with the 6 s presentation of an instruction. In each reward block a total number of 60 trials was presented, which included 20 trials with reward anticipation, 20 trials with punishment anticipation and 20 trials with the anticipation of no outcome. Every trial required a button press of the subject with the index finger of their right hand within a certain time during the presentation of the target image (a black square in the center of the screen). The length of this time period was determined in accordance with the average reaction time obtained in the pre-scan trial run, allowing the difficulty of the task to be modulated according to the individual’s ability, and varied between 0.2 and 0.5 s. Furthermore, we applied an adapting algorithm, to ensure that in approximately 60% of all trials the required response was successful. Prior to this target image being displayed, a symbol indicating what the possible outcomes of the task would be – either reward, punishment, or no-outcome – was shown for 0.3 s, followed by a 2.25-2.75 s anticipation period. The trial type indicator took the form of a black circle with a small white circle within it at one of the cardinal points. Each position represented a different trial type (e.g., a circle in the ‘north’ position would represent a reward trial). During the anticipation period a light gray colored cross was displayed in the center of the screen.

In reward trials, completing the task successfully resulted in the subject winning € 1, whilst failure meant that they would neither win nor lose anything. In punishment trials, the subject was about to lose € 1, which could be prevented by a response within the required time period.

Finally, in no-outcome trials no money was either won or lost, regardless of whether the subject responded within the required time period or not. Subjects were, however, instructed to still respond to the cue as quickly as possible. An equal number of reward, punishment, and no-outcome trials were displayed in each of the three reward/punishment runs in a pseudo-random order, giving a total of 60 instances of each trial type. Each trial was followed by a feedback stage during which the subject was informed of the outcome. The amount of money won or lost in the preceding trial was displayed, along with the running total for their winnings, for a period of 1.65 s. Trials were separated by a 4-5 s inter trial interval. The total amount of money won during the whole experiment was provided to the subjects as reimbursement for their participation in the experiment.

Region of interest (ROI) analysis

Our SPM analysis was complemented by the ROI analysis of BOLD signal changes. Using the Marseille Region of Interest Toolbox software package (MarsBaR 0.42, http://marsbar.sourceforge.net/), we applied a sphere with a radius of 5 mm centered at the peak voxels of our ROIs, and extracted the raw fMRI data. The extracted data then underwent a linear interpolation, onset adapting and normalizing procedure using the software package Practical Data Extraction and Reporting Language (PERL; www.perl.org) to account for intersubject differences. Our regional signal changes were further corrected referring to the signal changes of the preceding fixation cross period in order to exclude possible baseline shifts on subsequent stimuli-induced signal changes. The mean normalized regional signal changes (4 to 10 s after stimulus onset) were finally calculated and entered statistical analysis of interested conditions.

Confirmatory fMRI study

To exclude the confounding effect of unspecific general evaluation which was possibly involved in the comparison between empathizing emotional faces and perceiving smoothed control, the brain regions differing between the high and low narcissism groups were selected as ROIs and applied to the data of a second fMRI study, with a comparable empathy task. The main difference concerns the control task. In the confirmatory fMRI study we decided to use a control task which allowed us to compare empathy with a general evaluation of facial stimuli (skin color). The control task of this study was hence similar to the empathy task and contained the evaluation of the skin color of the emotional face stimuli.

Subjects: We investigated 20 healthy Chinese subjects (11 female, 9 male, mean age: 23, range: 21-26). After a detailed explanation of the study design and any potential risks, all subjects gave their written informed consent. All of the subjects were Chinese students. The study was approved by the institutional review board of the University of Peking, China.

Experimental Design: The fMRI experiment was divided into 7 blocks of 312 s duration each. Prior to entering the scanner each subject read a detailed information of the paradigm and completed a couple of trial runs in order to familiarize fully with them. While lying in the scanner, the stimuli were displayed using the ‘Presentation’ software package (Neurobehavioral Systems, Albany, CA), and were projected onto a matt screen via an LCD projector, visible through a mirror mounted on the headcoil. Every block started with 10 s pause to control for epi-saturation effects. A total number of 24 trials were presented in a randomized order. 12 trials were empathy trials, 12 trials were skin color evaluation trials. The actual task, empathy or skin color evaluation, was indexed by the 0.5 s presentation of cue which consisted of a black circle with a small white circle within it at two positions. The white circle in the ‘North’ position indexed an empathy trial, the white circle in the ‘South’ position cued the skin color evaluation trials. The cue was followed by a blank screen for 1 s. Subsequently the emotional face picture was displayed for 4 s. Subjects were instructed to feel inside the depicted emotional face during empathy trials or to concentrate on the skin color of the presented face during skin color evaluation trials. The face picture was followed by the presentation of a visual analogue scale. By virtually moving a red bar with left and right button presses the subjects were instructed to give an intra scanner rating of how good they felt able to empathize with the emotional face, respectively how dark or bright they rate the skin color of the emotional face. With a third button subjects had to confirm their rating. After confirmation the color of the bar turned into gray. The duration of the evaluation phase was 3.5 s. Prior to the next trial an inter trial interval was included lasting 1.2, 1.4, 1.6 or 1.8 s. After every 6 trials a baseline trial was included, which consisted of the mere presentation of the fixation cross, lasting for 6 or 7 s.

Stimuli: Our emotional face stimuli consisted of 12 emotional faces. Four faces, 2 female and 2 male, containing neutral emotional expressions were taken from the “Japanese and Caucasian Facial Expressions of Emotion (JACFEE) and Neutral Faces (JACNeuF)” battery provided by Matsumoto and Ekman (1988). Eight additional faces of Chinese subjects were photographed by our own group. The pictures were taken in front of comparable backgrounds and under comparable conditions to match them as close as possible to the 4 pictures taken from the JACNeuF battery. These additional 8 pictures contained the emotions angry and neutral and were taken from 4 female and 4 male Chinese students. Every stimulus was presented twice during each block, once during empathy, once during skin color evaluation. During the whole experiment every stimulus was hence presented 14 times.

fMRI data acquisition: The study was conducted using a GE 3 Tesla Magnetic Resonance Imaging Scanner (24 slices parallel to the AC-PC plane, slice thickness 5 mm, TR 2000 ms, TE 30 ms, flip angle α = 90°, 64x64 voxel per slice with 3.75x3.75x5 mm). Functional data were acquired in  seven scanning sessions containing 156 volumes per session for each subject. 

Data analysis: The statistical analysis of the fMRI data was performed using SPM2 and Matlab 6.5.1 (The Mathworks Inc., Natick, MA, USA). fMRI data were slice time corrected with regard to the first slice acquired and movement corrected by realignment to the first volume. The functional images were normalized to a standard brain and resampled to a 2x2x2 mm voxel size. Smoothing was performed using a 6x6x6 mm FWHM-Kernel. We built sphere-shaped ROIs (5 mm radium) according to the most significant coordinates resulting from the group comparison high vs. low narcissism in the main fMRI study. We used these ROIs to extract raw data from confirmatory fMRI study. We then calculated regional signal changes for the empathy and the skin color evaluation condition. As described above, we used the software package PERL to apply a linear interpolation, onset adapting, normalizing and baseline correction. The resulting mean normalized regional signal changes (4 to 10 s after stimulus onset) for empathy and skin color evaluation were compared using a paired t-test.

Confirmatory meta-analysis of 40 previous empathy studies

The results of this meta-analysis of 40 previous empathy studies (Akitsuki and Decety, 2009, Benuzzi et al., 2008, Blakemore et al., 2005, Botvinick et al., 2005, Carr et al., 2003, Chakrabarti et al., 2006, Cheng et al., 2007, de Gelder et al., 2004, Decety et al., 2009, Farrow et al., 2001, Grosbras and Paus, 2006, Gu and Han, 2007a,b, Hennenlotter et al., 2005, Hynes et al., 2006, Jabbi et al., 2007, Jackson et al., 2006a, Jackson et al., 2005, Keysers et al., 2004, Kim et al., 2009, Lamm et al., 2007, Lamm and Decety, 2008, Lawrence et al., 2006, Leslie et al., 2004, Moriguchi et al., 2007, Morrison and Downing, 2007, Morrison et al., 2004, Morrison et al., 2007, Nummenmaa et al., 2008, Olsson et al., 2007, Prehn-Kristensen et al., 2009, Saarela et al., 2007, Schulte-Ruther et al., 2007, Seitz et al., 2008, Simon et al., 2006, Singer et al., 2004, Singer et al., 2006, Vollm et al., 2006, Warren et al., 2006, Wicker et al., 2003) served as an independent validation of the activation of the whole group analysis ‘empathy > non-empathy’.

Literature search: The relevant empathy papers were collected through a step-wise procedure. First we performed a standard search in two databases, PubMed (www.pubmed.gov) and ISI Web of Science (https://apps.isiknowledge.com), using keywords [‘empathy’ OR ‘empathic’ OR ‘emotion contagion’ OR ‘affective theory of mind’ OR ‘affective mentalizing’] combined with [‘fMRI’ OR ‘magnetic resonance imaging’]. Second, we reviewed the reference lists of the relevant articles obtained in the first step, and used the ‘related article’ function of the PubMed database to identify additional papers. Finally, the reference lists of several review articles were inspected for further relevant studies (de Vignemont and Singer, 2006, Decety and Jackson, 2004, Decety and Lamm, 2006, Eslinger, 1998, Jackson et al., 2006b, Seitz et al., 2006). 

Studies were considered empathy-relevant if their paradigms met the following criteria: 
1) The perception of others’ sensory or affective state shows activation similar to the experience, imitation or generation of the similar state in oneself.
2) The perception of others’ sensory or affective state shows activation correlating to the disposition-measurement of one’s empathy.
3) The task required the subjects to empathize with other individuals and make judgments about others’ feelings.

Other inclusion criteria were applied:

1) Only studies measuring healthy adults were included. Data of the healthy control group in patient studies were included if detailed statistical analysis was performed.
2) Only studies measuring neural activity in the whole brain were included; studies reporting only selected regions of interest were excluded.
3) Presentation of results has been limited to regional activation changes (as revealed by task comparison or image subtraction method, parametric designs or brain-behavioral comparison). Data on changes in functional or effective connectivity have been excluded.
4) Only activation data were included, whereas deactivation data were not considered.
5) For conversion between the two coordinate systems, the Montreal Neurological Institute (MNI) standard brains and the Talairach space, we used the algorithm developed by Brett et al. (2001)
Multilevel kernel density analysis (MKDA): Following the literature search, we included 40 studies, yielding 50 contrasts (664 peak coordinates in total). The activation consistency across these studies was evaluated using a quantitative meta-analysis method MKDA (Wager et al., 2007, 2009). First, an activation-indicator map was calculated for each particular statistic contrast, by convolving the peak coordinates with a 10 mm spherical kernel. The indicator map was threshold at a maximum value of 1 so that multiple nearby peaks were not counted as multiple activations. Second, the weighted average of all indicator maps provided a summary map, where the weights were related to the sample size of a study and the multiple comparison correction it used. Finally, the statistical threshold was established for the summary map using the Monte Carlo procedure, which scrambled foci as clusters and produced a random map. The Monte Carlo procedure was performed for 5000 iterations and the result was reported at a threshold of FWE corrected p < 0.05.
To compare the activation of the whole group analysis and the results of the meta analysis, we superimposed both activation images on a standard brain template (MNI) using the software ‘MRIcron’ (www.sph.sc.edu/comd/rorden/MRicron/) (see supplementary Figure 1).
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Supplementary TABLE 1: Activation resulted from the contrast ‘viewing emotional face > viewing control face’ corresponding to Supplementary Figure 1
	Activation of ‘viewing emotion > viewing smooth’
	Brodmann area
	T-value
	MNI coordinate
	Cluster size

	
	
	
	x
	y
	z
	

	Right presupplementary motor area
	6
	6.55
	4
	2
	62
	854

	o Left supragenual anterior cingulate cortex
	32
	6.23
	-2
	14
	46
	

	o Right supplementary motor area
	6
	5.24
	6
	-6
	60
	

	Left inferior frontal gyrus
	44
	8.82
	-54
	16
	8
	532

	o Left inferior frontal gyrus
	47
	6.9
	-48
	28
	0
	

	o Left anterior insula / inferior frontal gyrus
	47
	5.6
	-38
	28
	-6
	

	Left putamen
	
	7.15
	-22
	18
	0
	371

	o Left putamen
	
	6.6
	-16
	8
	-6
	

	o Left putamen
	
	5.13
	-22
	6
	6
	

	Right putamen
	
	6.56
	18
	8
	-2
	624

	o Right anterior insula / inferior frontal gyrus
	47
	5.29
	44
	24
	2
	

	o Right putamen
	
	5.11
	22
	4
	6
	

	Right parahippocampal gyrus
	
	7.63
	24
	-12
	-18
	325

	o Right amygdala
	
	5.03
	30
	0
	-20
	

	o Right lateral globus palidus
	
	4.74
	26
	-14
	-6
	

	Right fusiform gyrus
	19
	7.07
	46
	-70
	-16
	268

	o Right fusiform gyrus
	18
	7.02
	22
	-90
	-18
	

	o Right cerebellum
	
	5.19
	38
	-68
	-26
	

	Left fusiform gyrus
	18
	6.02
	-18
	-92
	-22
	70

	o Left fusiform gyrus
	18
	5.65
	-26
	-88
	-24
	

	o Left cerebellum
	
	4.76
	-36
	-80
	-24
	

	Right primary motor cortex
	4
	5.62
	50
	-12
	50
	104

	o Right pre-motor cortex
	9
	4.73
	56
	4
	36
	


FDR corrected p<0.01, cluster size>50.
Supplementary FIGURE 1a: Empathy activation exclusively masked with motor activation
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Supplementary FIGURE 1b: Comparison between empathy activation (red) and meta-analysis results of previous neuroimaging studies on empathy (green)
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Supplementary FIGURE 2a: Signal changes of emotion, neutral, and smoothened conditions in right anterior insula and right posterior cingulated cortex
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Supplementary FIGURE 2b: 2nd-level-regression analysis (NI score as regressor) for the contrast ‘emotional face > neutral face’
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Supplementary FIGURE 3: Percent of signal changes from right anterior insula correlated with NI score for all three groups of subjects.
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