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Research in non-human primates has implicated striatal dopamine (D2)
receptor function in the expression of social dominance—a fundamental
component of social extraversion.We predicted that trait extraversion –
indexed by the revised Eysenck Personality Questionnaire (EPQ-R) –
would correlate with striatal DA (D2) receptor measures – indexed by
[11C]-Raclopride binding potential (BP) – in 28 healthy post-
menopausal females (mean age=75 years; range=58–91 years). Region
of interest (ROI) and voxel-based statistical parametric mapping
(SPM) analyses were performed, using a reference tissue model for
[11C]-Raclopride. ROI analysis showed moderately significant negative
correlations between extraversion and BP measures in the left caudate
and between psychoticism scores and BP in the right putamen.
Unexpectedly, scores on the Lie scale, a measure of socially desirable
responding, were significantly and negatively correlated with BP
measures in the putamen and survived Bonferroni correction on the
right side. After controlling for the potential confounding of self-report
bias in high Lie scorers, only the correlation between Lie scores and BP
measures in the right putamen remained significant. Voxel-based
analysis showed only Lie scores to be significantly and negatively
correlated with BP measures in the right putamen. We explored this
association further by applying an ROI-based approach to data on a
previously scanned sample of young adults (n=13) and found a similar
pattern of association, which achieved trend level significance in the
right putamen. Although unanticipated, the relationship observed
between BP measures in the right putamen and Lie scores is consistent
with dopaminergic involvement in socially rewarding behaviour. How
this relates to dopaminergic tone will need to be further explored.
© 2006 Elsevier Inc. All rights reserved.
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Introduction

Dopamine (DA) has been implicated in a variety of neurological
and neuropsychiatric disorders and is considered to have a central,
integrative role in the control of cognitive as well as motor
processes (Middleton and Strick, 2000). A growing body of
evidence suggests that brain DA might also influence expression of
behavioural and emotional characteristics that constitute person-
ality. Evidence supportive of the putative role of striatal DA (D2)
receptors in trait extraversion (reviewed by Depue and Collins,
1999) has been largely accrued through research on social
dominance in non-human primates – believed to reflect extraversion
or ‘social potency’ in humans (Wiggins and Trapnell, 1996) – and
by pharmacological manipulation in humans. These data have
demonstrated reduced responsivity of striatal DA (D2) receptor
function in submissive than dominant monkeys (Shively, 1998;
Morgan et al., 2002) and in introverts compared to their extraverted
peers (Depue et al., 1994; Rammsayer, 1998). Positron emission
tomography (PET) ligand studies which have investigated the
personality correlates of striatal DA (D2) receptor function – largely
in healthy young adults – have used a variety of scales. For
example, three studies have reported significant negative correla-
tions with ‘detachment’ (a tendency towards social and emotional
withdrawal), as defined by the Karolinska Scales of Personality
(KSP; Schalling et al., 1987) and markers of striatal DA function—
DA (D2) receptor or DA transporter availability (Farde et al., 1997;
Breier et al., 1998; Laakso et al., 2000). However, this finding was
not replicated in an older, mixed-sex sample (see Kaasinen et al.,
2002). A single study (Gray et al., 1994), which defined personality
using the Eysenck Personality Inventory (EPI; Eysenck and
Eysenck, 1975), reported a significant correlation between striatal
DA (D2) receptor availability – indexed by [123I] iodo-benzoamide
IBZM SPECT – and psychoticism (denoting ‘tough-mindedness’,
or ‘lacking in sensitivity and empathy’).
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Our study aimed to investigate the influence of striatal DA (D2)
receptor function upon the expression of social extraversion, within
the context of healthy ageing. Data on striatal DA (D2) receptor
availability – indexed by [11C]-Raclopride binding – were being
collected in healthy post-menopausal women as part of an ongoing
study of the role of striatal DA (D2) receptor function in predicting
spatial cognitive performance (Reeves et al., 2005). This offered us
the opportunity to examine the effects of DA (D2) receptor
measures upon trait extraversion in a healthy older sample, without
the potential confound of gender upon personality trait expression
(Nilsson and Persson, 1984) or of oestrogen upon striatal
dopaminergic function (Pohjalainen et al., 1998; Nordstrom et al.,
1998).

We wanted to test the hypothesis that extraversion would be
significantly associated with striatal DA (D2) receptor measures—
indexed by [11C]-Raclopride [11C]-RAC binding potential (BP),
after controlling for age. No prediction was made about the
direction of the association, as [11C]-RAC competes with
endogenous DA for DA (D2) receptor sites and hence lower BP
measures may reflect a lower Bmax/Kd ratio or higher endogenous
DA occupancy of DA (D2) receptor sites. The short form of the
revised Eysenck Personality Questionnaire (EPQ-R; Eysenck and
Eysenck, 1975) was chosen as an appropriate measure of
personality in this sample for two reasons

(i) The extraversion (E) construct largely reflects ‘social
extraversion’ and shows less overlap with psychoticism (P)
than previous versions of the scale (Loo, 1979; Torrubia and
Muntaner, 1987).

(ii) In addition to extraversion (E), neuroticism (N) and
psychoticism (P) measures, the EPQ-R also incorporates a
Lie scale (L), which measures the tendency to respond in a
socially desirable way or to ‘fake good’. As older women
show a greater tendency to this type of response bias than
their younger counterparts (Nilsson and Persson, 1984), it
was important to control for this as a potential confounding
factor (Michaelis and Eysenck, 1971).
Materials and methods

Participants

Thirty healthy post-menopausal female volunteers (28 right-
handed) were recruited from day centres, luncheon clubs and other
community-based groups in the local area (South East London). A
full medical and psychiatric history was conducted, including
dementia screening with the Mini-Mental State Examination
(MMSE; Folstein et al., 1975). Exclusion criteria included (i)
Table 1
Eysenck personality trait scores in older women (short form of the revised EPQ)

Subscale Mean SD

Extraversion (E) ‘Sociable, gregarious, lively, optimistic’ 6.9 (3.1)
Neuroticism (N) ‘Sensitive, worries a lot, emotionally unstable’ 5.1 (3.4)
Psychoticism (P a) ‘Impulsive, tough-minded, lacking in empathy’ 1.65 (1.7)
Lie (L) ‘Overly positive self-presentational style’ 7.0 (2.5)
a Log-transformed p scores were used in the correlational analysis.
⁎ p=0.056.
history of psychiatric or neurological illness; (ii) MMSE score of
less than 26 out of a total score of 30; (iii) current or past
psychiatric illness, including drug and substance abuse; (iv) history
of any cerebrovascular event; and (v) use of oestrogen replacement
therapy or other medications which may have affected brain DA
activity. Structural imaging (MRI) data were available for eight of
the older (>75 years) participants, owing to their involvement in
ongoing MRI studies (Gould et al., 2006; Jones et al., 2005), but
were not routinely carried out as part of the screening process.
Recruitment and selection of young adult participants (n=13) were
carried out during a previously conducted study (see Montgomery
et al., 2006).

Personality assessment

The short 48-item version of the revised Eysenck Personality
Questionnaire (EPQ-R) was used to assess the sample of older
women, whereas the second sample of young adults were assessed
using the full 90-item version of the EPQ-R. Both questionnaires
provide a measure of trait extraversion (E), neuroticism (N) and
psychoticism (P) and also incorporate a measure of socially
desirable responding, described as the Lie scale (L) (see Table 1).
Participants were required to give categorical yes/no responses to
descriptive self-statements. For example, a ‘Yes’ response to the
statement ‘Are you rather lively?’ scores ‘1’ on the extraversion (E)
subscale and a ‘No’ response scores zero. The Lie (L) scale was
originally constructed as a means of assessing the reliability of
personality scales, by providing a measure of the tendency to
present oneself in a socially desirable way and consists of
statements such as ‘If you say you will do something, do you
always keep your promise no matter how inconvenient it might
be?’ (‘Yes’ scores 1 point), ‘Were you ever greedy by helping
yourself to more than your share of anything? (‘No’ scores 1
point), ‘Have you ever blamed someone for doing something you
knew was really your fault?’ (‘No’ scores 1), ‘Do you always
practice what you preach? (‘Yes’ scores 1 point). L scores are
intrinsically related to other personality subscales from the EPQ-R
generally showing a positive association with E and negative
associations with N and P. The strength of the relationship between
N and L is used as a means of determining whether conditions of
personality testing are such to provide high motivation to ‘fake
good’ or dissimulate. When conditions are such that there is little
or no motivation to dissimulate, the correlation between L and N is
minimal. When the relationship approaches statistical significance,
the potential confounding influence of dissimulation can be
examined by excluding the highest 5% of L scorers (Michaelis
and Eysenck, 1971; Eysenck and Eysenck, 1975). Both versions of
the EPQ-R have been extensively validated (Eysenck and Eysenck,
1975) and the short form specifically has been shown to provide a
Correlation coefficient (Pearson's r)

Age Education E N P L

−0.28 0.27 – −0.16 −0.01 0.26
−0.04 −0.09 −0.16 – −0.17 −0.37 ⁎
0.12 0.21 0.01 −0.17 – 0.32
0.24 −0.20 0.26 −0.37 ⁎ 0.32 –



Fig. 1. Relationship between [11C]-Raclopride ([11C]-RAC) binding
potential (BP) measures in the right putamen and Lie scale scores from
the short form (48-item version) of the EPQ-R in older women (r=−0.57,
p=0.002, n=28).
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reliable estimate of the above personality dimensions in older
adults (Mackinnon et al., 1995).

PET procedure

[11C]-RAC PET is an established in vivo method for estimating
the availability of DA (D2) receptors in the brain. All participants
attended a single scanning session, which consisted of the
following sequence of scans on a 953B-Siemens/CTI PET camera
(Spinks et al., 1992) in 3D mode: (i) a short transmission scan to
enable correction for tissue attenuation of radioactivity; and (ii)
dynamic scanning, involving the collection of 22 serial time frames
over a 60-min period, following an intravenous bolus injection of
370 MBq of [11C]-RAC (Farde et al., 1986). Binding potential in
the form of parametric maps was calculated using the simplified
reference tissue model (Lammertsma et al., 1996; Gunn et al.,
1997). The younger volunteers from an independent study were
scanned on an ECAT 966 camera using bolus followed by infusion
administration of [11C]-RAC over 105 min (Watabe et al., 2000).
BP was calculated as ratio of [countsROI / countscb−1] between 38
and 53 min after the initiation of [11C]-RAC administration.

Region-of-interest (ROI) analysis

Image analysis
ROI templates were defined for caudate, putamen and

cerebellum on an integral image (Bench et al., 1993), for both
elderly and young cohorts, using Analyze™ software (Mayo
Biomedical Engineering; Rochester, MN, USA) (Robb and
Hanson, 1991) on a SUN Ultra 10 Workstation. A circular ROI
(diameter 15 mm) was positioned by inspection upon right and left
cerebellar regions; and striatal subregions were defined by elliptical
ROIs, which were positioned over the right and left caudate
(5×7 mm) and putamen (6×16 mm) (mean values were obtained
by placing ROI templates over 4 consecutive slices). Templates
were applied first to the dynamic images to produce the time–
activity curve of the reference region (cerebellum), which was in
turn used to generate the parametric maps on which the striatal
ROIs were overlaid. For the elderly cohort, a secondary analysis
was carried out to decrease potential problems due to partial
volume effects related to age-associated cerebral atrophy, which
could lead to an under-estimation of tracer uptake (Morris et al.,
1999). This analysis used elliptical regions of interest ROI (again
placed over 4 consecutive slices), which were smaller than the
structures that they represented (Yu et al., 1993): The caudate
nucleus was defined by an ellipse 2×4 mm in diameter, whereas 3
ellipses of diameter 3×5 mm were used to define the putamen (for
further details, see Reeves et al., 2005).

Statistical analysis
Data were analyzed using the Statistical Package for Social

Sciences SPSS 12.0. Correlation coefficients (Pearson’s r) were
used to describe possible associations between personality
measures, age and educational level. A partial bivariate correlation
analysis, controlling for the potential confounding effects of age
and educational level, was used to examine the relationship
between [11C]-RAC BP ROI measures and personality subscale
scores. Stepwise linear regression analyses were used to assess the
relative importance of the contribution of regional [11C]-RAC BP
measures, age and educational level to the variance in each of the
personality trait measures. We chose a forward method of
selection, which identifies the independent variable that contributes
most significantly to the variance in the dependent variable R2 and
builds the regression model by sequentially including other
variables which lead to an increase in R2.

Statistical parametric mapping
In addition to the ROI analysis, voxel-based analysis using

statistical parametric mapping version 2 (SPM2; www.fil.ion.ucl.
ac.uk/spm) (Friston et al., 1995) was undertaken to confirm the
findings of the correlational analysis. As this was a hypothesis-led
analysis the search area was localised to the voxels of interest
(VOI) by the application of an explicit spatial mask (see Hammers
et al., 2006), which excluded voxels outside the striatal region.
Parametric (BP) images were spatially normalized into Montreal
Neurological Institute (MNI) space using a [11C]-RAC template
(Meyer et al., 1999). Normalised BP images were smoothed with a
Gaussian filter to 8 mm full-width half maximum. The same
comparisons of personality measures and BP were made using
SPM2 as for the ROI analyses, with age and educational level
being included as nuisance variables in the design matrix. For
technical reasons, only 26 (93%) of the original 28 images were
available for this analysis.

Results

Older sample: characteristics

Personality data were available on 28 subjects. The mean age of
the sample was 75 years (SD=8 years; range=58–91 years). The
mean educational level was 10 years of full-time education (SD=3;
range=4–18). Twenty-six (93%) subjects were right-handed and
27 (96%) were non-smokers. All participants scored 28 or above
during MMSE testing. There was a significant negative association
between age and educational level (r=−0.52, p=0.005), which
reflected differences in the educational system between older
participants (who tended to be educated between the ages of
5–14 years) and younger participants, two of whom had obtained a
higher degree. As reported previously (Reeves et al., 2005), BP
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measures in the four striatal subregions (right/left, caudate/
putamen) were all negatively, but non-significantly, associated
with age (Table 2). Neither the exclusion of two left-handed
participants nor the use of small regions of interest ROI templates
altered these findings.

Mean scores for individual subscales and their correlations with
age and educational level are shown in Table 1. Extraversion (E),
neuroticism (N) and Lie (L) scales were normally distributed.
Psychoticism (P) scores showed a skewed distribution (mean=1.6,
range=0–6); hence, log-transformed (logP) values were used for
the purposes of statistical analysis. Scores on all of the scales were
in line with normative data on this age group (Mackinnon et al.,
1995). However, the negative relationship between L and N
approached statistical significance (r=−0.37, p=0.056), indicating
that the tendency to ‘fake good’ was relatively high in our sample.
The following approaches were used to control for the potential
confounding effects of this type of response bias upon personality
subscale scores.

(i) N was included as a potential confounding factor in the
correlational analysis.

(ii) The strength of the relationship between L and N was re-
examined after exclusion of the highest 5% of Lie scorers
(scoring 11 and 12, respectively, out of a maximum of 12
points). The correlation in the remaining sample (n=26) was
non-significant (r=−0.28, p=0.16). In order to control for
the influence of potential dissimulation upon relationships
between personality and DA (D2) receptor measures,
correlational and regression analyses were carried out before
and after excluding the highest 5% of Lie scorers (Michaelis
and Eysenck, 1971).
Personality measures and [11C]-RAC BP

Correlational analysis
The relationships between BP measures and personality

subscale scores after controlling for the potential confounding
effects of age and educational level are shown in Table 2. Prior to
the exclusion of high Lie scorers, we found a negative correlation
between E scores and [11C]-RAC BP in all striatal regions, which
achieved moderate significance in the left caudate (r=−0.41,
p=0.04). LogP scores were also negatively correlated with BP in
the right putamen (r=−0.41, p=0.04). Unexpectedly, L was
significantly and negatively correlated with [11C]-RAC BP in the
Table 2
[11C]-RAC binding potential BP in older women: associations with age and perso

[11C]-RAC BP Mean (SD) Correlation with age (r) Correlation

E

Right caudate 2.19 (0.28) −0.26 −0.26 (−0
Left caudate 2.26 (0.32) −0.10 −0.41 ⁎ (−0
Right putamen 2.12 (0.33) −0.27 −0.36 (−0
Left putamen 2.19 (0.28) −0.25 −0.33 (−0

r values shown in brackets represent partial correlation coefficient after excluding
a Partial correlation coefficient r after controlling for age and educational level
b Partialling out the influence of N upon L did not alter p values.
⁎ p≤0.05.
⁎⁎ p≤0.01.
right putamen (r=−0.57, p=0.002) and left putamen (r=−0.48,
p=0.01) (Fig. 1). The extent of the correlation in the right
putamen survived correction for multiple comparisons (p values
<0.003 denotes significance) and was unaffected by the inclusion
of N as a covariate (right putamen, r=−0.58, p=0.002; left
putamen, r=−0.51, p=0.01). When the correlational analysis was
repeated after excluding the two highest L scorers, only the
correlation between L and BP measures in the right putamen
remained significant (r=−0.44, p=0.031, shown in Table 2).
Similarly, when data obtained using small ROIs were substituted
into the correlational analysis, the correlation in the right putamen
remained significant (r=−0.45, p=0.02) and a similar trend was
shown on the left side (r=−0.36, p=0.06).

Regression analysis
The relative contributions of independent variables – regional

BP measures right/left; caudate/putamen, age and educational level
– to each of the personality subscales were investigated, in turn,
using forward stepwise regression. None of the independent
variables were found to contribute significantly to the variance in
E, N or logP scores. BP measures in the right putamen were found
to be the only significant predictor of L (adjusted R2=0.34,
F1,26=14.6, p=0.001). Exclusion of high L scorers made no
difference to the regression models for E, P and N and the
contribution of [11C]-RAC BP in the right putamen to the variance
in L remained highly significant (adjusted R2=0.22, F1,24=8.2,
p=0.008). When data obtained using small ROIs were substituted
into the regression analysis, BP measures in the left putamen were
found to be the most significant predictor of Lie scores (adjusted
R2=0.20, F1,26=7.3, p=0.01).

Voxel-based analysis

The results obtained using a hypothesis-led analysis in SPM2
were similar to those obtained with the ROI analysis. Increases in
BP in association with lower Lie scores were seen bilaterally in the
striatum (Fig. 2) and achieved a significance level of p<0.0001
uncorrected (FWE-corrected p=0.057) on the right side (MNI peak
coordinates: x=31, y=4, z=−2). No significant relationships were
found between BP and any of the other personality subscales.

Reproducibility of Lie scale/BP association

It was possible that our findings were specific to older women
because of their tendency to score more highly on the Lie (and
nality measures

with personality subscale scores a

N logP L

.12) 0.02 (−0.08) 0.01 (−0.04) −0.21 (−0.03) b

.28) 0.003 (−0.17) 0.01 (0.03) −0.15 (−0.14) b

.25) 0.08 (−0.15) −0.41 ⁎ (−0.37) −0.57 ⁎⁎ (−0.44 ⁎) b

.22) 0.05 (−0.12) −0.26 (−0.22) −0.48 ⁎ (−0.34) b

the highest 5% of Lie scorers (n=2).
.



Fig. 2. Voxel-based statistical analysis, showing areas where a negative correlation was seen between DA (D2) receptor binding potential (BP) measures and Lie
scores in healthy older women (n=26). The search volume was limited to the striatum (total search volume=2330 voxels; 7.4 resels). The colour intensity
represents T-statistic values at the voxel level (T threshold for display=2.51, p<0.01). The results are visualized on a magnetic resonance imaging (MRI)
template image derived from 152 healthy people and presented in neurological convention (right is right).
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lower on the psychoticism scale) than younger males (Nilsson and
Persson, 1984). In order to explore this further, we examined data
on an independent sample of 13 healthy young adults (9 males;
mean age 36 years; range 25–56), who had completed the 90-item
version of the revised EPQ during their involvement in an earlier
[11C]-Raclopride study (Montgomery et al., 2006). [11C]-RAC
BP was determined using the same region-of-interest (ROI)
analysis as in the elderly sample. Age was negatively correlated
with BP measures in all striatal subregions and this achieved
significance in the caudate nuclei (right caudate r=−0.61, p=0.03;
left caudate r=−0.68, p=0.01; right putamen r=−0.54, p=0.06;
left putamen r=−0.51, p=0.08). Mean (SD) scores for the EPQ-R
are shown in Table 3: L and N scores were not significantly related
(r=−0.27, p=0.38). The relationship between personality and BP
measures was investigated using a partial correlational analysis,
Table 3
Associations between [11C]-RAC binding potential BP and personality measures i

Personality subscale
(maximum score)

Mean (SD) Correlation r with [11

Right caudate

Extraversion (21) 14.0 (3.8) 0.04
Neuroticism (23) 6.8 (4.9) 0.29
Psychoticism (25) a 3.9 (2.1) 0.42
Lie (21) 7.0 (5.1) −0.42
a Log-transformed p scores were used in the correlational analysis.
⁎ p=0.06.
which controlled for the interaction between age and [11C]-RAC
BP. A negative correlation was found between L and BP measures
in all striatal subregions and a trend towards significance was
shown in the right putamen (r=−0.55, p=0.06, see Table 3 and Fig.
3). There were no significant correlations between BP measures and
other personality subscale scores.

Discussion

The finding of a significant correlation between [11C]-RAC BP
in the left caudate and trait extraversion in the ROI analysis was
consistent with our original hypothesis. However, the extent of this
association achieved only moderate significance and was no longer
present when the two highest scorers on the Lie scale were
excluded from the analysis (as advocated in the scoring manual).
n young adults

C]-RAC BP scores

Left caudate Right putamen Left putamen

−0.003 0.24 0.22
0.45 0.26 0.37
0.50 0.33 0.33

−0.30 −0.55 ⁎ −0.37



Fig. 3. Relationship between [11C]-Raclopride ([11C]-RAC) binding
potential (BP) measures and Lie scale scores from the 90-item version of
the EPQ-R in young adults are shown in the right putamen (r=−0.55,
p=0.06, n=13, males=9).
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The association also failed to achieve significance using a voxel-
based approach.

Although unanticipated, we found a highly significant, negative
correlation between Lie scores and [11C]-RAC BP bilaterally in the
putamen using an ROI approach, which survived correction for
multiple comparisons on the right side and was not explained by
the association of Lie scores with trait neuroticism. Stepwise linear
regression analyses showed BP measures in the right putamen to
account for at least 20% of the variance in Lie scores, even after
excluding the potential confounding effects of dissimulation. A
hypothesis-led SPM analysis supported the findings of the ROI
analysis and showed more clearly the bilateral nature of the
correlation in the putamen.

Our findings strongly replicate those in a mixed-sex (n=42)
sample of young adults: Huang et al. (2005) reported a highly
significant negative correlation between (mean) striatal DA (D2)
receptor availability and Lie scores from the Maudsley Personality
Inventory (MPI, an earlier version of the EPI, prior to the inclusion
of psychoticism; see Eysenck and Eysenck, 1975) using [123I]
iodo-benzoamide (IBZM) SPECT. These findings, plus our
observation of a similar trend in a young, predominantly male
sample, would strongly suggest that the association is not a
spurious one and is not specific to older women. Furthermore,
social desirability scores from the KSP – which show considerable
overlap with Lie scores (Ortet et al., 2002) – have been shown to
correlate positively with markers of DA uptake and DA synthesis
within the striatum, particularly on the right side (Laakso et al.,
2000, 2003). Thus, our findings and those of Huang would be
consistent with Laakso, assuming that lower DA (D2) receptor
availability in individuals who scored more highly on the Lie scale
reflects increased baseline DA levels. However, in the absence of
information on endogenous DA levels, it remains unclear how
individual differences in Lie scores relate to basal dopaminergic
tone and this should perhaps be the focus of future studies.

The failure to confirm our original hypothesis regarding
extraversion merits discussion. First it is not likely to be explained
by inadequate sample size, as previous D2 receptor availability
studies (for example, see Breier et al., 1998) have reported
significant associations with personality variables in smaller,
mixed-sex samples. Furthermore, we show significant correlations
between DA (D2) receptor availability and another personality
variable (Lie scale) with similar variance. As previous associations
with extraversion/social dominance have measured responsivity of
striatal DA (D2) receptor function (Shively, 1998; Morgan et al.,
2002; Depue et al., 1994; Rammsayer, 1998), it could be argued
that imaging paradigms that measure the change in endogenous
DA levels in the striatum (see Laruelle, 2000) may have been a
more effective method of testing our hypothesis than our static
baseline measures.

More general study limitations include the absence of structural
MRI data for co-registration of PET data in this elderly sample
which limited our ability to correct for age-related partial volume
effects (Morris et al., 1999). However, the substitution of small
region-of-interest ROI templates that are less susceptible to partial
volume effects (Yu et al., 1993) made little difference to the results
reported. Age-related vascular changes – or differences in arousal
in relation to the extraversion–introversion domain (see Fischer et
al., 1997) – are also unlikely to have confounded BP measures, as
blood flow makes a relatively small contribution to [11C]-RAC BP
bolus or bolus infusion measurements (Logan et al., 1994; Carson
et al., 1993).

Socially desirable responding and DA (D2) receptor availability

Although originally designed as a screening tool, the Lie
construct is believed to represent a stable personality construct,
denoting some degree of social conformity or conservatism
(Michaelis and Eysenck, 1971; reviewed by Paulhus, 2002).
Davies et al. (1998) have shown that Lie scores do not simply
reflect the conscious biasing of responses to create a positive self-
image, but also correlate highly with ‘self-deceptive enhancement’,
an overly positive, self-favouring response style, which acts to
protect self-esteem. Others view high Lie scores as being indicative
of defensiveness, or a ‘repressive’ coping style, whereby threaten-
ing or negative self-related information is avoided through the use
of unconscious mechanisms (Paulhus, 2002; Furnham et al., 2003).
The Lie scale is thus a complex construct and we can only
speculate as to the possible mechanisms which might underpin the
observed association between Lie scores and striatal DA (D2)
receptor function.

If Lie scores are viewed as a marker of social conformity or
conciliatory social behaviour, our findings would be consistent
with the reduced striatal DA (D2) function observed in animals
lower down the social hierarchy, compared to their dominant peers
(Shively, 1998; Morgan et al., 2002).

Alternatively, if scoring high on the Lie scale is viewed as a
socially rewarding behaviour, our findings are consistent with the
postulated role of the striatum and dopaminergic system in reward-
based decision making (Schultz, 1998; Hollerman et al., 2000;
O’Doherty et al., 2004) and incentive motivation (Depue and
Collins, 1999). The strength of the relationship between L and N
scores in the two samples suggests that older women were more
motivated to dissimulate in order to gain social approbation than
their younger counterparts.

More speculative is the interpretation that Lie scores might
reflect attributional mechanisms such as the self-serving bias, in
which the dorsal striatum (right or bilateral) has been implicated
through the use of fMRI (Blackwood et al., 2003). The self-serving
bias reflects both the tendency to take credit for success (‘self-
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enhancing’ bias) and to deny responsibility for failure (‘self-
protective’ bias) and is generally believed to serve a positive
motivational function, by protecting self-esteem (see Blackwood
et al., 2003).

Intriguingly, Rabiner et al. (2002) have reported a similar
unanticipated negative correlation between EPQ-R Lie scores and
post-synaptic cortical and limbic 5-HT1A receptors (indexed by
[11C] WAY-100635 PET) in young healthy volunteers and have
subsequently replicated this finding in an independent sample
(Rabiner, personal communication).These data, the work reported
here and the recent findings of Huang et al. (2005) indicate that the
Lie scale represents a psychological construct that can be related to
a quantifiable biological substrate.
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