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Abstract—Deceit is a core feature of antisocial personality

disorder (ASPD), and the study of deception in ASPD has

important implications for identifying the underlying mecha-

nism of ASPD. A great deal of functional neuroimaging liter-

ature has described the neural correlates of deception in

healthy volunteers, but there have been few imaging studies

examining people with ASPD. The neural correlates of lie-

telling in ASPD, and which specific brain activities are

related to the capacity to lie, are unclear. In this study, 32

offenders who satisfied the Personality Diagnostic Questio-

naire-4 and PDI-IV (Personality Disorder Interview) criteria

for ASPD were divided into three groups based on their

capacity for deception, which was evaluated based on the

deceitfulness criterion of the PDI-IV ASPD. All offenders

underwent functional magnetic resonance imaging (fMRI)

while responding to questions in a truthful, inverse, or

deceitful manner. We primarily created contrasts in the brain

activities between truth-telling and lie-telling, and then

computed the Pearson’s correlation coefficients between

activities contrasts of individual, i.e. BOLD (blood-oxygen-

level-dependent) strength during deception minus that dur-

ing truth-telling, and the capacity for deception. Our results

indicated that the bilateral dorsolateral prefrontal cortex

extending to the middle frontal gyrus, the left inferior parie-

tal lobule, and the bilateral anterior cingulate gyrus/medial

superior frontal gyrus were associated with deception
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among people with ASPD. As the capacity for deception

increased, the contrasted brain activities of the above

regions decreased. This study found that truthful and

untruthful communications of ASPD subjects can be

differentiated in terms of brain BOLD activities, and more

importantly, this study is the first to use fMRI to discover

that BOLD activities during deception are correlated

with the capacity to lie. The latter finding might challenge

the diagnostic accuracy of lie detection and may also

caution that greater attention should be given to

detecting untruths in individuals who are skilled at lying.

� 2013 IBRO. Published by Elsevier Ltd. All rights reserved.

Key words: antisocial personality disorder, fMRI, the capacity

for deception, lie detection, forced-choice task.

INTRODUCTION

According to a large-scale meta-analytic review of mental

health in worldwide prison systems, Fazel and Danesh

noted that 47% of male prisoners had been diagnosed

with antisocial personality disorder (ASPD) (Fazel and

Danesh, 2002); this finding confirms the close link

between ASPD and criminal behaviour. Symptoms of

this disorder, as listed in the DSM-IV, include

deceitfulness and repeated lying for personal profit

or pleasure. The study of lying in ASPD deserves

critical attention. However, there are few functional

neuroimaging studies that address deception in ASPD.

The neural correlates of lie-telling in ASPD, and which

specific brain activities are related to the capacity to lie

are unclear.

There have been a large number of studies that have

examined the neural activities associated with lie-telling in

healthy individuals. In these studies, a certain consistency

is discernible: in general, deception (compared with

truthfulness) is associated with greater activation of the

prefrontal and/or anterior cingulate cortices, whereas

truthfulness is not usually associated with greater

activity of any cerebral region (cf. deception) (Abe et al.,

2006; Bhatt et al., 2009; Christ et al., 2009; Karim et al.,

2010; Ito et al., 2011; Karton and Bachmann, 2011).

Further, deception was shown to be correlated with

some personality traits (coldheartedness, fearlessness)

in healthy male participants (Nunez et al., 2005; Fullam

et al., 2009).

However, there are weaknesses in these studies, and

it is unclear whether their findings can be applied to

forensic practice (Spence, 2008). The subjects of most

of the aforementioned studies were healthy volunteers,
d.
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including college students, many of whom likely lack a

history of serious offenses. Such volunteers are also

unlikely to be skilled at deception, whereas many

offenders with ASPD are talented at lie-telling and

possess a greater capacity for deception. Offenders with

ASPD often lie for personal profit (Weston and Dalby,

1991), and constant lie-telling may even become a part

of their lifestyle. The healthy subjects of the

aforementioned studies may show lower levels of

subclinical psychopathy spectrum personality traits (e.g.,

cold-heartedness, fearlessness, and stress immunity)

than individuals with ASPD. Whether the conclusions

drawn from studies of deception in healthy volunteers

are applicable to people with ASPD is unknown.

Therefore, there is a pressing need to investigate

deception in individuals with ASPD.

Among criminals with ASPD, many individuals

intentionally commit socially harmful actions (e.g.,

robbery, murder), and they often make false statements

to conceal their crimes with the hope of escaping moral

and legal punishment. We hypothesised that persons

with ASPD would show some differences in brain

activities between lying and truth-telling. In a

behavioural study, Verschuere et al. (2011) noted that

frequent truth-telling made lying more difficult, and that

frequent lying made lying easier. Thus, we assumed

that BOLD (blood-oxygen-level-dependent) contrast

activities would decrease as the capacity for lie-telling

increased. In this study, we examined the deception-

related differences in neural activities in ASPD using a

picture choice task (Lee et al., 2005), and we

investigated the correlation between BOLD contrast

activities (lie > true) and the capacity for deception. An

in-depth understanding of the neural correlates of

deception in ASPD may provide us with a solid

foundation for further scientific investigations of

deception and its detection in both clinical and forensic

populations.
EXPERIMENTAL PROCEDURES

Participants

480 volunteers were recruited for the experiment from

the School for Youth Offender of Hunan Province. All

volunteers had received reformatory education in this

school for having committed misdemeanours. All young

offenders had regular school hours every day.

‘‘Enclosed-style’’ management was implemented in this

special school. In this study, each of the participants

selected for functional magnetic resonance imaging

(fMRI) experiments was in the company of three

teachers as they underwent fMRI scanning. All

subjects were of legal age to give consent (age > 18)

at the time of the experiment (see Table 1), but they

were under the legal age when they first began

attending school. First, all volunteers were tested in

groups with the Personality Diagnostic Questionaire-

4+ (PDQ-4+) by a professional with experience in

psychological testing. 122 subjects whose ASPD

scores were equal to or greater than four remained in
the study. These 122 subjects received further testing

with the Personality Disorder Interview (PDI-IV)

(Widiger and Costa, 1994) , which was conducted by

two senior psychiatrists; among these subjects, 59 of

them were selected based on a diagnosis of ASPD

and but no history or current diagnosis of serious

mental disorders, (e.g. depression, anxiety neurosis or

schizophrenia). To further investigate their mental

disorder situation, these 59 subjects completed

handwritten versions of the MMPI-2 (Minnesota

Multiphasic Personality Inventory) (Butcher et al., 2003)

questionnaires. Participants had no access to alcohol

or illicit drugs for at least 6 months prior to the brain

scan. Participants were native Chinese speakers.

Overall, the participants were strongly right-handed, as

judged by the Lateral Dominance Test (Spreen and

Strauss, 1998), and they had normal or corrected-to-

normal vision. In 27 cases, the scan data were

unsatisfactory (see ‘‘Experimental design and

procedures’’, ‘‘Image acquisition and pre-processing’’,

‘‘Behavioural data analysis’’, six subjects had

inadequate motivation in the ‘‘lying’’ condition, three

subjects had movement-related artefacts that were

identified post-scanning and 18 subjects had response

accuracy during the ‘‘truth’’ condition that were below

80%). Thus, the final sample consisted of 32 offenders

with ASPD, and these offenders formed the basis of

the current report. All offenders had been required to

receive reformatory education in this special school for

three years, and their misdemeanours included 20

repeated thefts, 10 robberies and two cases of fraud.

There were no political offenses.

Evaluation of the capacity for lie-telling was conducted

in strict adherence to the deceitfulness criterion of PDI-IV

ASPD with a face-to-face interview by two senior

psychiatrists. There are seven items in the deceitfulness

subscale, which measure subjects’ attitude to lie-telling,

the results obtained by lie-telling before, the skill for lie-

telling and lying frequency et al. These components

reflect one’s capacity for deception. Subjects that did

not meet criteria for any item were placed into the non-

liars (n= 11). Subjects meeting the criteria for no more

than three items were placed into the mild liars

(n= 10). All other subjects were placed into the severe

liars (n= 11). The capacity for deception increased in a

stepwise manner from the non-liars to the mild liars, and

this capacity was highest in the severe liars. The

characteristics of the participants are presented in

Table 1. Intelligence Quotient (IQ) scores were obtained

with the Wechsler Adult Intelligence Scale (WAIS), and

the mental disorder scores were obtained with the

MMPI-2 (Table 1). One-way ANOVA across groups

showed that the three groups were matched in

demographics and MMPI scores; only the deception

score of the PDI-IV was significantly different

(P< 0.000).

After receiving a detailed description of the study, all

volunteers provided written informed consent. No

potential participant who declined to participate or did

not participate for other reasons was disadvantaged in

any way by not participating in the study. Participants



Table 1. Demographics and MMPI scores of the offenders with ASPD

Non-liars (n= 11) Mild liars (n= 10) Severe liars (n= 11) P

Age 19.36 ± 0.51 21.80 ± 2.96 19.45 ± 0.93 0.104

Years of education 8.73 ± 1.27 8.40 ± 1.17 8.09 ± 0.30 0.348

IQ 106.82 ± 15.28 109.50 ± 13.83 104.70 ± 18.15 0.795

Lie 0 1 2 0.000

MMPI Hs 66.25 ± 10.40 68.21 ± 7.25 67.94 ± 9.60 0.664

D 49.65 ± 12.77 48.97 ± 13.52 52.50 ± 2.19 0.471

Hy 51.20 ± 6.97 49.63 ± 9.12 53.41 ± 10.20 0.524

Pd 71.19 ± 6.76 71.34 ± 7.88 74.26 ± 12.72 0.686

Mf 52.74 ± 6.75 51.51 ± 9.46 53.80 ± 6.63 0.504

Pa 61.75 ± 9.81 61.34 ± 16.05 63.62 ± 9.34 0.441

Pt 71.47 ± 5.33 73.60 ± 9.57 76.91 ± 3.30 0.600

Sc 73.63 ± 8.87 70.90 ± 6.35 75.26 ± 9.07 0.568

Ma 65.98 ± 7.02 63.48 ± 8.03 66.29 ± 10.86 0.354

Si 51.36 ± 11.63 45.73 ± 8.04 49.99 ± 6.76 0.766

Hs, hypochondriasis; D, depression; Hy, hysteria; Pd, psychopathic deviate; Mf, masculinity–femininity; Pa, paranoia; Pt, psychasthenia; Sc, schizophrenia; Ma, mania; Si,

social introversion.
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were paid a base rate of ¥100 for their participation, in

addition to a ¥50 bonus based on their performance.

This study was approved by the Ethics Committee of

the Third Xiangya Hospital of Central South University

and the Ethics Committee of the School for Youth

Offender of Hunan Province.
Experimental design and procedures

The picture choice task (Lee et al., 2005) was used to

examine the neural correlates of deception in ASPD

subjects. Each subject randomly selected three pictures

from 10 neutral pictures (e.g., a watch, an orange) prior

to scanning, and they were then asked to decide if the

picture presented during scanning was one of the three

items they had chosen following special instructions.

These instructions comprised a ‘‘true’’ condition, an

‘‘inverse’’ condition and a ‘‘lie’’ condition. The ‘‘true’’

condition required the participants to make their best

effort to give accurate, honest responses; for example,

when the picture was one of the three items that the

subject had chosen at the beginning, the subject was

instructed to press the ‘‘Yes’’ button, and the ‘‘No’’

button otherwise. The ‘‘inverse’’ condition required the

participants to give converse responses; for example,

when the picture was one of the three items that the

subject had chosen, the subject was instructed to press

the ‘‘No’’ button and the ‘‘Yes’’ button otherwise. The

‘‘lie’’ condition required the participants to devise a

stratagem to deceive others. In this condition, the goal

of the participants was to lie skillfully and avoid

detection. The ‘‘inverse’’ condition was included in the

experimental paradigm to encourage skilful lying.

The paradigm used a block design consisting of two

sequences. The ten pictures were presented randomly

during scanning, the probability of occurrence of each

picture was approximately even in each sequence, and

each picture was presented, at most, one time in each

block. Each sequence lasted 264-s and contained six

blocks. The six blocks were presented in a

predetermined, pseudorandom order (Fig. 1a), in which

two blocks required ‘‘true’’ responses, two required
‘‘inverse’’ responses and two required ‘‘lie’’ responses.

Each sequence began with an 8-s rest period. Specific

instructions regarding the response types were

presented for 4-s before each block began. Each block

lasted for 24-s. The rest time that followed each block

lasted for 14-s (the last rest time of each sequence was

18-s) (Fig. 1a).

Each block consisted of six picture stimuli. Each

stimulus was presented for 1-s, and followed by a visual

fixation crosshair for 3-s. The participants were

instructed to indicate whether the presented picture was

one of the three items that they had chosen beforehand

by pressing the ‘‘yes’’ or ‘‘no’’ button, according to the

specified instructions. At the end of the fixation, a fresh

stimulus was presented for 1-s, followed by a 3-s

fixation (Fig. 1b).

At the beginning of the experiment, the participants

underwent a training session, the block order of which

was different from that during scanning, to familiarise

the participants with the test and the hardware outside

the scanner. To increase task performance, participants

were informed that an experimenter would be monitoring

their responses to detect whether they were lying during

the ‘‘lie’’ condition. During the post-experimental

debriefing that followed the scanning, we first asked

what stratagem they had made in each ‘‘lying’’

condition, then asked them to indicate to what degree

they had cheated someone else on a Likert scale of 0–

3, with 3 indicating the highest level of confidence and 0

the lowest. This procedure was intended to check the

degree of the subjects’ motivations to lie. 53 subjects

rated themselves a 2 or higher, and six subjects were

excluded because they rated themselves a 1 or lower.
Image acquisition and pre-processing

All MR images were acquired at the Third Xiangya

Hospital of the Central South University. Each subject

lay supinely with the head snugly fixed by a belt and

foam pads to reduce the effects of head movement.

BOLD fMRI was performed on a 1.5 Tesla Siemens Trio

scanner using an echo-planar-imaging sequence (23



Fig. 1. Schematic representation of the experimental design: (a) Two sequences: each sequence began with 12 s of rest time, corresponding to

6 volume images. Each block lasted 24 s, corresponding to 12 volume images. Rest times following each block lasted a total of 18 s, corresponding

to 9 volume images. T = true, I = inverse, L = lie. (b) A block: the specific instructions regarding the response type were presented for 4 s before

each block. Next, a picture stimulus was presented for 1 s, followed by a visual fixation crosshair for 3 s. At the end of the fixation, a fresh stimulus

was presented for 1 s, followed by a 3-s fixation. A block consisted of six stimuli and lasted 24 s.
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slices, thickness/gap = 5.0/1.2 mm, matrix = 64 � 64,

repetition time = 2000 ms, echo time = 50 ms, flip

angle = 90�, and field of view = 240 mm � 240 mm).

Images were pre-processed and analysed using SPM8

(www.fil.ion.ucl.ac.uk/spm). For each sequence, the first

6 volumes were discarded to allow for T1 equilibration

effects and to allow the subjects to adapt to the

circumstances, leaving 126 volumes for further analysis.

All datasets were initially corrected for temporal offsets

using sinc interpolation and for head movement-related

effects using a six-parameter (rigid body) spatial

transformation. The data from 3 subjects were excluded

because they had maximum displacement in any

direction greater than 2 mm or head rotations larger than

2.0�, thus 32 subjects remained for further analysis. The

resulting datasets were further spatially normalised to

the standard EPI template in the Montreal Neurological

Institute (MNI) space using an optimum 12-parameter

affine transformation and nonlinear deformations, and

were then resampled to 3-mm isotropic voxels. Finally,

the fMRI data were smoothed with an 8-mm Gaussian

kernel (full width at half-maximum).
Behavioural data analysis

To ensure cooperation, the response accuracy and

response time of each subject were calculated. 18

subjects whose response accuracies in the ‘‘true’’ and

‘‘inverse’’ conditions were lower than 80% were

excluded. We have made analyses of the characteristics

of the included and excluded subjects according to their

age, years of education, ASPD score, capacity for lie-

telling, IQ and MMPI scale scores. The result showed

that there were no significant differences between the

included and excluded subjects (P> 0.05), i.e. the

included subjects were not a biased sample.

To investigate whether response accuracy and

response time were related to response type, two-way

repeated measure ANOVAs for all subjects and each

group was employed. To investigate whether there were

significant differences between groups, independent-

sample t-tests were employed.

One-way ANOVAs were performed on the

demographics and MMPI scores of the groups to test

whether the groups were well matched.

http://www.fil.ion.ucl.ac.uk/spm
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Imaging data analysis
Identification of activations associated with the decep-
tion of ASPD. We first modelled categorical responses

for a single subject (1st-level analysis). A fixed-effects

boxcar waveform was convolved with the

haemodynamic response function to produce a matrix

with which to model categorical BOLD responses. In

this procedure, a high-pass filter of 1/128 Hz was used

to remove low-frequency noise and an AR (1) model

was used to correct for temporal autocorrelations. To

account for motion artefacts that were not fully corrected

by realignment, six motion regressors were also

included. After estimation with the classical method,

three inferences for our contrasts of interest were

completed: ‘‘true-rest’’, ‘‘lie-rest’’ and ‘‘lie-true’’.

To investigate neural activities associated with

deception, contrasts of ‘‘lie-rest’’ vs. ‘‘true-rest’’, and

‘‘true-rest’’ vs. ‘‘lie-rest’’, were performed using two-

sample t-tests at the second level for all subjects

(P< 0.05, FWE correct).

In the 1st and 2nd-level analyses, a conservative

extent threshold of 20 voxels was applied. The peak

voxels of clusters that exhibited reliable effects are

reported in MNI coordinates.
Region of interest (ROI) definition and correlation
analysis. To investigate the correlation between the

BOLD contrast activities (‘‘lie > true’’) and the capacity

for deception, ROIs with 10-mm radii were defined

around each peak voxel from the results of the ‘‘lie-

rest > true-rest’’ contrast (P< 0.05, FWE correct).

Individual contrast estimates (‘‘lie > true’’) in each ROI

were obtained by averaging the BOLD signals across all

voxels within the ROI in the contrast of ‘‘lie > true’’ in

1st-level analysis. We calculated the Pearson’s

correlation coefficient between the individual mean

contrast estimates of each ROI and the capacity for

deception with SPSS19.0, and obtained mean values

and standard deviations for each group. Finally
Fig. 2. Brain regions of ASPD subjects showing significant activation in
independent-sample t-tests were carried out between

each set of two groups.

To investigate whether the above correlations were

due to the difference in brain activities among

individuals in the ‘‘true’’ condition, we also obtained

individual contrast estimates in each ROI by averaging

the BOLD signals across all voxels within each ROI in

the contrast of ‘‘true > rest’’, and the same processing

was performed.
RESULTS

Behavioural data

In the ‘‘true’’, ‘‘inverse’’, and ‘‘lie’’ conditions, the response

accuracies of the subjects were (95.65 ± 3.54%),

(89.91 ± 8.32%), and (44.37 ± 12.54%), respectively,

and the reaction times were (0.70 ± 0.24 s),

(0.82 ± 0.31 s), and (0.93 ± 0.42 s), respectively. There

was a significant main effect of response type, that was

characterised by longer reaction times (P< 0.0000) and

reduced response accuracies (P< 0.0000) in the ‘‘lie’’

task.

The within-group contrasts also showed similar

results. The across-groups contrasts revealed no

significant effect under the same conditions (P> 0.05).

There were no significant differences in demographics

or MMPI scores across groups, with the exception of the

deception score (Table 1).
Brain regions associated with deception in ASPD

To examine the locations that were associated with

deception, contrasts between the ‘‘lie-rest’’ and ‘‘true-

rest’’ conditions were performed. In the contrast of ‘‘lie-

rest > true-rest’’, we found significant activation

(P< 0.05, FWE corrected) in the bilateral dorsolateral

prefrontal cortex (DLPFC) extending into the middle

frontal gyrus (MFG), the left inferior parietal lobule (IPL)

including the supramarginal gyrus (SMG), and the

bilateral anterior cingulate gyrus (ACC)/medial superior

frontal gyrus (Fig. 2, Table 2). The opposite contrast
the contrast of ‘‘lie-rest > true-rest’’ (P< 0.05, FWE corrected).



Table 2. Brain regions showing significant activation in the contrast of ‘‘lie-rest > true-rest’’ [P < 0.05, FWE corrected

Region MNI coordinates z-Value Cluster size Corrected p value (cluster-level) Corrected p value (peak-level)

x y z

Left cingulate gyrus �6 24 42 6.05 88 0.000 0.000

Right medial frontal gyrus 3 30 39 5.21 0.004

Right middle frontal gyrus 38 18 57 5.45 59 0.000 0.001

Left supramarginal gyrus �51 �45 48 5.33 54 0.000 0.003

Left inferior parietal lobule �45 �51 39 5.12 0.007

Left inferior frontal gyrus �45 12 27 5.09 63 0.000 0.008

Left middle frontal gyrus 39 9 42 5.06 0.009

Left middle frontal gyrus �45 24 30 4.96 0.014

Left inferior frontal gyrus �42 51 3 5.58 25 0.000 0.012

Left middle frontal gyrus �33 54 3 5.46 0.017

Table 3. The correlations between BOLD contrast activities (lie > truth) and the capacity for deception

Region MNI Coordinates True > rest Lie > true

x y z R P R P

Right medial frontal gyrus 3 30 39 0.109 0.574 �0.538 0.002

Left middle frontal gyrus �39 9 42 0.055 0.783 �0.524 0.003

Left inferior parietal lobule �45 �51 39 �0.009 0.965 �0.512 0.004

Left middle frontal gyrus �45 24 30 �0.001 0.996 �0.424 0.020

Right middle frontal gyrus 30 18 57 �0.050 0.800 �0.318 0.087

Left supramarginal gyrus �51 �45 48 0.164 0.386 �0.312 0.093

Left cingulate gyrus �6 24 42 0.061 0.754 �0.310 0.096

Left inferior frontal gyrus �45 12 27 0.020 0.922 �0.308 0.098

Left inferior frontal gyrus �42 51 3 0.026 0.897 �0.307 0.106

Left middle frontal gyrus �33 54 3 0.008 0.970 �0.228 0.226

R: Pearson’s correlation coefficient.

Fig. 3. Relationships between contrast activations (lie > true) in ROIs and the capacity for deception: 0 = non-liars, 1 = mild liars, 2 = severe

liars. (a, b) Right medial frontal gyrus (peak voxel in MNI coordinates: 33039), (c, d) left middle frontal gyrus (�39942), (e, f) left inferior parietal
lobule (�45�5139), and (g, h) the left middle frontal gyrus (�452430). ⁄P < 0.05, ⁄⁄P< 0.01.
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revealed no significant activation (P< 0.05, FWE

corrected).

Correlation analysis between the BOLD contrast
activities (‘‘lie > true’’) and the capacity for deception

To investigate the effect of lying capacity on BOLD

contrast activities, we calculated the Pearson’s

correlation coefficient between the mean BOLD

contrast activities (lie > truth) and the capacity for

deception. We found that the individual mean contrast

estimates correlated negatively with the capacity for

deception in almost all ROIs (Table 3), and the effects

were significant in the following distinct regions: the

right medial frontal gurus (peak voxel in MNI

coordinates: 33039, Fig. 3a, b), the left MFG

(�39942, Fig. 3c, d), the left IPL (�45�5139, Fig. 3e,
f) and the left MFG (�452430, Fig. 3g, h). Contrast

activities in these regions decreased in a stepwise

manner from the non-liars to the mild liars, and were

lowest in the severe liars. When we examined age,

years of education, IQ, and MMPI scores as

covariates, the negative correlations in these four

regions were still significant (P< 0.05). Independent-

sample t-tests were then performed between groups,

indicating significant differences in the four regions

between the non-liars and mild liars (P< 0.05), and

between the non-liars and severe liars (P< 0.05)

(Fig. 3). There were no significant differences between

mild and severe liars.

To investigate whether the above correlations were

due to differences of brain activities among individuals

in the ‘‘true’’ condition, we also calculated the Pearson’s

correlation coefficients between the mean BOLD

contrast activities (‘‘true > rest’’) and the capacity for

deception, and we found no significant correlation

(P> 0.05) (Table 3). Independent-sample t-tests
showed no significant differences in the ‘‘true’’ condition

across groups (P> 0.05) (Fig. 3).

DISCUSSION

In the present study, the picture choice task (Lee et al.,

2005) was used to investigate the neural signatures of

deception in ASPD offenders and to detect correlations

between BOLD contrast activities and the capacity for

deception. Chiu and Lee (2002) confirmed the validity of

choice testing by identifying Chinese people who were

lying. To our knowledge, our study is the first to

examine these issues in people with ASPD, and our

study yielded two main findings. First, the bilateral

DLPFC extending to the MFG, the left IPL including the

SMG, and the bilateral ACC/medial superior frontal

gyrus were associated with deception in people with

ASPD. Second, the BOLD contrast activities (lie > true)

of the above regions decreased as the capacity for

deception increased.

The pattern of brain activity in the frontal-anterior

cingulated-parietal regions associated with lying that

was observed in our study is largely consistent with

the findings of previous fMRI deception studies (Lee

et al., 2005; Christ et al., 2009). We did not observe
activation with the opposite comparison, suggesting

that, compared to truth-telling, lie-telling entails

increases in the amount of conflict and greater levels

of required cognitive control. This result confirmed that

ASPD does not produce different regions during

deception.

The prefrontal activation that we observed is highly

consistent with the findings of previous neuroimaging

studies, that have indicated a robust contribution of

executive function to deception (Abe et al., 2008;

Baumgartner et al., 2009). Ito et al. found that the

DLPFC is associated with the executive aspects of

deception, regardless of the emotional valence of

memory content (Ito et al., 2011). The DLPFC is

believed to be involved in the act of deception and

lying, which is thought to inhibit the normal propensity

towards truth-telling (Karton and Bachmann, 2011).

We observed activation of the left parietal regions,

namely the left SMG and the IPS. Grezes and Decety

(2001) described the SMG as functionally involved in

action execution, simulation and observation, and

another study suggested that the SMG and the IPS

are activated by the demands of working memory

(Crottaz-Herbette et al., 2004). Indeed, activation of

the left prefrontal–SMG network has been

preferentially observed during verbal working memory

tasks (Martin et al., 2003). Neuroimaging studies have

also provided evidence for the involvement of activity

in the prefrontal cortex (PFC) and SMG regions in

complex mental calculations (Fulbright et al., 2003).

More appropriately, the joint activation of the PFC and

MFG has been associated with response selection in

task switching or outcome assessment paradigms

(Paulus et al., 2004). Further, the combination of

MFG and parietal cortex activation indicates sustained

attention and the maintenance, updating, and

verification of serial stimuli in the form of

working memory engagement (Garavan et al., 2000).

These functions of the frontal and parietal regions

seem to be relevant to deception in ASPD.

The ACC has also shown neural activity that

correlates with deception in ASPD. Abe et al. (2006)

found that the ACC was activated only when deceptively

responding to previously experienced stimuli. The ACC

may monitor the reading of and deceptive responding to

a stimulus (Kozel and Johnson, 2005). The ACC has

been implicated in neurobiological models of cognitive

control, the inhibition of competing/prepotent responses,

the mediation of conflict, and reward and motivation

(Stemmer et al., 2004). Menon et al. (2001) suggested

that bilateral brain activation in the DLPFC, the IPL, and

the ACC is associated with response inhibition and

competition. Furthermore, via its strong connections to

the PFC and the parietal and motor areas (Heckers

et al., 2004), the ACC also makes a substantive

contribution to volitional mental activities. In particular,

the ACC seems to be part of decision-making

processes in which the likelihood of making errors is

high (Ridderinkhof et al., 2004; Brown and Braver,

2005). These functional roles of the ACC may be

essential to deception.
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To successfully avoid detection, the deceiver must

calculate the odds of being detected, remember the

previous response given, inhibit the normal propensity

towards truth-telling, and then choose the appropriate

strategy prior to making a response. These are

processes that require greater amounts of cognitive

control, working memory, response manipulation, and

the involvement of executive functions. As such, it is

possible that the particular areas observed in the current

study are the result of the complex interplay of working

memory, response inhibition, sustained attention, mental

calculations and execution that is necessary for our

subjects to make deceptive responses.

Importantly, using fMRI, we found that the BOLD

contrast activities of the above regions decreased with

increasing capacity for lying. Verschuere et al. (2011)

found that frequent truth-telling makes lying more

difficult, and that frequent lying makes lying easier.

While theirs was only a behavioural study, our study

used fMRI to show that individuals who were not skilled

at lying displayed greater brain contrast activity when

they were lying, indicating increased blood flow and

brain metabolism; whereas severe liars showed

relatively less brain contrast activity when they lied.

Habitual lying may make the lie response more

dominant, even though the truth may constitute the

default under normal conditions, whereas habitual lying

makes lying easier. Our results are consistent with a

study by Karim et al. (2010)) that proposed that

transcranial direct current stimulation can relieve the

moral conflict related to deception, which is represented

in the anterior PFC, and thus facilitate deceptive

behaviour. However, in contrast to the conclusions of

Karim et al., we discovered that BOLD activities under

the influence of deception were negatively correlated

with the capacity to lie. Combining our results with the

conclusions of Karim et al., we may further infer that the

more skilful liars more effectively inhibit PFC to improve

lying compared with less skilful liars. Individuals with

ASPD who are skilled at deception have a deficient

moral sense, which may facilitate their lie-telling. They

often train themselves in working memory, response

inhibition and the necessary mental calculations in lie-

telling, and they gain proficiency in lie-telling and

deception, and eventually integrate these elements into

their lifestyle. When these individuals lie, they execute

deceit as if they were telling the truth, and exhibit

deficient physiological and psychosomatic reactions

(Hare et al., 1978; Blair et al., 1997). Fullam et al. found

that cold-heartedness and fearlessness are negatively

correlated with activation patterns in the brain circuits

implicated in deception. Nunez et al. (2005) also noted

that the mesial prefrontal, posterior cingulate and

anterior cingulate cortices show negative correlations

with cold-heartedness. Perhaps cold-heartedness and

fearlessness facilitate deception in those with ASPD

who are skilled at deception. Yang et al. (2005) found

that liars have increased prefrontal white matter

volumes and reduced grey/white ratios compared to

normal controls, and hypothesised that the reductions in

prefrontal grey matter relative to white may predispose
individuals to general antisocial disinhibited tendencies

,which, when coupled with increased white matter, result

in excessive lying. Perhaps due to a deficient moral

sense, a frequent pattern of lying, higher levels of cold-

heartedness and fearlessness, and differences in

construction, the brain contrast activities of those with

ASPD who are skilled at deception decrease when

these individuals lie; this phenomenon would challenge

the diagnostic accuracy of lie detection. However, the

significant differences in brain activities between the lie

and truth conditions remained, so it is still possible to

detect lying in people with ASPD who are talented at

deception. This is an interesting finding and this

investigation might have practical implications for lie

detection.

This study indicates that the truthful and untruthful

communications of ASPD subjects can be differentiated

in terms of brain BOLD activities, and, more importantly,

we found that BOLD activities under the influence of

deception were correlated with the capacity to lie. Thus,

it is advised that greater attention should be given to the

detection of lies in people who are skilled at lying.

There are some limitations in this study. There was no

significant difference in response times across groups,

perhaps due to the experiment’s simplicity. Deception in

the current experiment was not an authentic

representation of deception in real-life situations. This

study did not consider the emotional components of

deception. We also caution that the neurobiological

basis of lying likely involves brain circuits and networks.

Future studies may be improved by devising more

accurate experiments, that consider the importance of

the individual’s emotional state while engaging in

deception, and that examine changes in functional

connectivities. In addition, we found no significant

differences in MMPI II psychopathy scores across the

groups; thus, we used only the MMPI scores in this

study. It is possible that the capacity to lie is related to

some specific psychopathy, and the relationships

between psychopathy scores and BOLD changes may

be found using other scales. In our future studies, more

specific psychopathy scores will be included. In the

study, we only studied ASPD offenders. It is possible

that non-ASPD offenders or normal people who differ in

their degree of lying would produce identical results. So

in the future, we will test our results in non-ASPD

offenders and normal people.
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