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Abstract
Rationale Pharmacological manipulation of serotonergic
neurotransmission in healthy volunteers impacts on cogni-
tive test performance. Specifically, markers of serotonin
function are associated with attention and executive
functioning, long-term memory, and general cognitive
ability. The serotonin transporter (SERT) protein is a key
regulator in the serotonin system. We hypothesized that
higher performance on tests sensitive to serotonin would be
associated with higher SERT levels in specific fronto-
striatal brain regions.
Methods Thirty-two healthy subjects (25 males, mean age
26.0 years, range 19–37) underwent positron emission
tomography using the SERT ligand [11C]DASB. Subjects
underwent the following tests: Stroop Color Word Test,
Trail Making Test B, Rey’s Auditory Verbal Learning Test
and Complex Figure Test, logical reasoning subtest from
Intelligenz-Struktur-Test 2000 R, and a Danish version of
National Adult Reading Test.

Results We found positive associations between performance
on the Stroop Color Word Test and right-sided dorsolateral
prefrontal SERT binding (R2=0.12, p=0.048). Furthermore,
scores of logical reasoning (correlating with IQ) and
educational level associated positively with SERT binding in
the caudate, most prominent on the left side (logical reasoning:
R2=0.34, p=0.0026 (left), R2=0.2, p=0.022 (right), educa-
tional level: R2=0.19, p=0.012 (left), R2=0.15, p=0.027
(right)). Scores of logical reasoning also associated with left-
sided ventrolateral prefrontal cortex (R2=0.24, p=0.014).
There were no significant associations between SERT
binding and tests of long-term episodic memory.
Conclusions The results imply that in healthy subjects,
high SERT binding in fronto-striatal regions is associated
with better performance on tasks involving executive
function and logical reasoning.
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Introduction

Serotonergic disturbances are linked to several neuropsy-
chiatric disorders that involve cognitive dysfunction including
depression, bipolar disorder, schizophrenia, and Alzheimer’s
disease. Serotonergic neurotransmission is involved in
many different behaviors such as sleep, mood, aggression,
neuroticism, and impulsivity (Siever 2008), but manipu-
lation of serotonergic neurotransmission also impacts on
cognitive test performance in healthy volunteers. Cogni-
tive functions sensitive to either lowering of the central
serotonergic activity by acute tryptophan depletion (ATD)
or, conversely, to stimulation of the serotonergic system
by administration of selective reuptake inhibitors (SSRIs)
are primarily within the domains of attention, long-term
memory (LTM), and cognitive flexibility (for review, see
Schmitt et al. 2006).

Most studies have shown that ATD partially impairs
LTM (Harrison et al. 2004; McAllister-Williams et al. 2002;
Rubinsztein et al. 2001; Schmitt et al. 2000; Riedel et al.
1999), but not all (Hughes et al. 2003; Shansis et al. 2000).
Conversely for attention, ATD has in some studies (Booij et
al. 2005; Schmitt et al. 2000) although not in all (Gallagher
et al. 2003; Sobczak et al. 2002) been reported to improve
performance in the Stroop Color Word Test (Jensen and
Rohwer 1966), a test that relies heavily on focused
attention. In line, serotonergic stimulation with SSRIs reduces
sustained attention (Ramaekers et al. 1995; O’Hanlon et al.
1998; Schmitt et al. 2002). These pharmacological manipu-
lations of the serotonergic system are generally unspecific
and affect many of the subtypes of pre- and postsynaptic
serotonin receptors as well as the serotonin transporter
(SERT), although in vivo studies using [11C]DASB binding
after ATD have failed to find significant changes in SERT
binding (Praschak-Rieder et al. 2005; Milak et al. 2005).
Other factors such as low mood and nausea may affect
cognition during pharmacological challenges. Alternative
strategies for elucidating the role of serotonin in cognition
include investigating how cognitive test performance is
influenced by genetic polymorphisms of the serotonin
system or related to specific elements of the brain serotonin
system as measured in imaging studies, e.g., with positron
emission tomography (PET).

The SERT protein is a key regulator in the serotonin
system, and the highest levels are found in the raphe nuclei
and subcortical structures, followed by the hippocampus
and the prefrontal cortex (Gurevich and Joyce 1996). SERT
controls reuptake of serotonin from the synaptic cleft to the
presynaptic neuron, and thereby signal transmission via the
postsynaptic serotonin receptors. SERT is encoded by
the SLC6A4 gene. Variants within this gene have been
associated with specific cognitive capabilities. Subjects
homozygous for the functional VNTR2 low expression

polymorphisms within the SCLC6A4 gene (an intron two
16 or 17 bp variable number tandem repeat) have been
shown to have a faster decline of especially fluid
intelligence, semantic memory, and general cognitive
ability with age (Payton et al. 2005). Moreover, a positive
association between verbal memory scores and SERT
binding in the dorsolateral prefrontal cortex (DLPFC) and
parietal cortex was observed in the control group of a PET
study of SERT binding in MDMA users (McCann et al.
2008). Thus, so far, only limited evidence exists to suggest
that an optimal cognitive function requires the presence of
a flexible serotonergic neurotransmission, although some
lines of evidence point to serotonin as a mediator of
cognitive ability throughout life. In order to further link
the serotonin system to individual differences in cognition
in young healthy subjects, we studied the association
between cognition and presynaptic serotonergic function,
measured by PET with the specific SERT binding
radiotracer [11C]DASB. We addressed the following
questions: is SERT correlated to general aspects of
cognition, including intelligence and educational levels,
and/or is SERT correlated with specific cognitive func-
tions, namely LTM and executive functions involving
focused attention and inhibition, as suggested in the
literature. In order to answer these questions, we included
relevant brain regions in the analysis for each cognitive
test in order to avoid multiple comparisons. In these
regions, we hypothesized that we would find a positive
association between SERT binding and cognitive perfor-
mance, as a highly dynamic serotonin system was
considered important for cognition.

Materials and methods

Subjects

Thirty-two healthy subjects (25 males, mean age 26.0 years
(range 19–37)) were recruited through newspaper adver-
tisements. In order to avoid adverse effects of aging on
the cognitive test results, only subjects younger than
38 years were included. Written informed consent was
obtained according to the Declaration of Helsinki II, and
the study was approved by the Copenhagen Region
Ethics Committee ((KF) 01-124/04, (KF) 01-156/04, and
(KF) 01 2006-20, with amendments). Exclusion criteria
included significant medical history, drug or alcohol
abuse, psychiatric disorders, or head trauma. Nine
subjects were smokers, and none had been exposed to
potential neurotoxic drugs of abuse. All subjects had a
normal neurological examination and had unremarkable
brain magnetic resonance imaging (MRI) scans. A subset
of the cohort has been reported earlier in a study on the
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association between the personality trait openness and
cerebral SERT levels (Kalbitzer et al. 2009). All subjects
were scanned during 2006 and 2007. Blood samples were
drawn in all subjects to measure the short and long alleles
of the 5-HTTLPR polymorphism of the SLC6A4 gene
(S-allele and L-allele).

Cognitive testing

Cognitive testing was done at a separate day from the day
of the PET scan with a median time interval of 56 days
(range 1–181). To assess the executive function involving
focused attention and inhibition, we administered The
Stroop Color Word Test (time score of the incongruent
version, errors were not included in analysis), which is a
classical test of focused attention (Jensen and Rohwer
1966), and the Trail Making Test B (TMT B; time score),
which measures motor and visual speed as well as set
switching.

Rey Complex Figure Test and Rey Auditory Learning
Test (RAVLT; Rey 1964) delayed scores (after 3 and
20 min, respectively) were chosen for studying episodic
visual and verbal LTM.

Intelligence was measured in a subset of 24 subjects
at the day of the PET scan with tests of logical reasoning
from the German “Intelligenz-Struktur-Test 2000 R”
(IST-2000-R; Amthauer 2001; Neubauer et al. 2005). We
included the Number Series and Verbal Analogies subt-
ests, as test performances correlate with intelligence
quotient (IQ; Amthauer 2001; Neubauer et al. 2005). For
each of the two subtests, subjects were given 10 min to
solve as many as they could of 20 tasks. Additionally, the
Danish Adult Reading Test 45 (DART45), which is a 45-
word Danish version of the National Adult Reading Test
(Nelson and O’Connell 1978) was administered to all
subjects. This test correlates substantially with verbal IQ,
but primarily reflects knowledge of pronunciation of
irregular words acquired throughout life.

Educational level was evaluated by adding number of
school years in primary school to upper secondary level (9–
12 in all) with a score (1–5) reflecting level of vocational
training or degree.

MRI

Magnetic resonance imaging was conducted on a Siemens
Magnetom Trio 3T MR scanner. High-resolution 3D T1-
weighted (matrix 256×256; 1×1×1 mm voxels) and 2D
T2-weighted sequences were acquired. The T1-weighted
brain MR images were segmented into gray matter, white
matter, and cerebrospinal fluid using Statistical Parametric
Mapping (SPM2; Wellcome Department of Cognitive
Neurology, London, UK). This enabled extraction of the

PET Volume of Interest (VOI) signal from gray matter
voxels only.

Regions of interest

In order to avoid multiple comparisons, we restricted our
analyses by choosing relevant brain regions to be included
in the analysis for each cognitive test:

The lateral prefrontal cortex (LPFC) was the primary
target in the analysis of executive functions. Neuro-
imaging activation studies have suggested that the
ventral part of the LPFC (VLPFC) is recruited during
tasks that require the selection of specific item
information, whereas the DLPFC is additionally
activated during tasks that require organizational
processing. The right DLPFC and the anterior cingu-
late gyrus (ACC) were the primary targets for the
association with The Stroop Color Word Test, as these
are the most commonly activated regions in fMRI
studies of Stroop interference tasks (Harrison et al.
2005; Haupt et al. 2009; Hyafil et al. 2009).
Hippocampus and LPFC were the primary targets for
associations with LTM. In addition to the well-
established hippocampal activation in memory forma-
tion (Cabeza and Nyberg 2000), the involvement of
LPFC in organizational LTM has been documented
both in neuropsychological studies (including patients
with focal LPFC lesions) and in neuroimaging studies
(for review, see (Blumenfeld and Ranganath 2007)).
Due to hemispheric lateralization, we correlated verbal
LTM (Rey’s Auditory Verbal Learning Test, delayed
recall) with left hippocampus and left LPFC, and visual
LTM (Rey’s Complex Figure delayed recall) with right
hippocampus and right LPFC.
For intelligence and educational levels, the choice of
fronto-striatal regions were the primary target in the
analyses as the LPFC may exert its control of executive
functions and thereby affect intelligence through its
connections with subcortical and posterior brain
regions, as reviewed by Jurado and Rosselli (Jurado
and Rosselli 2007). In line, larger cortical gray matter
thickness and less white matter have been associated
with higher intelligence, particularly in the prefrontal
and posterior temporal cortices (Narr et al. 2007).

The selected regions (caudate, putamen, VLPFC (including
Brodmann areas 44, 45 and 47), DLPFC (including Brod-
mann areas 9 and 46), hippocampus, and anterior cingulate
gyrus) were automatically delineated on each subject’sMRI in
a user-independent fashion with the Pvelab software package
as described by (Svarer et al. 2005; freely available on www.
nru.dk/downloads). Gray matter volumes of included regions
are listed in Table 2.
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PET imaging and quantification of SERT binding

PET scans were performed with an 18-ring GE-Advance
scanner (General Electric, Milwaukee, WI, USA), operating in
3D acquisition mode producing 35 image slices with an inter
slice distance of 4.25 mm. The total axial field of view was
15.2 cm. with an approximate in-plane resolution of 6 mm.

A 90-min dynamic scanwas started immediately after bolus
injection of mean 479.2 (range 279–601) MBq [11C]DASB.
The scan acquisition consisted of 36 time frames, increasing
progressively in duration from 10 s to 10 min. After
acquisition, attenuation- and decay-corrected recordings were
reconstructed by filtered back projection using a 6 mm Hann
filter. Frames 10-36 were aligned using AIR 5.2.5 (Woods et
al. 1992) to correct for movements during scan.

The [11C]DASB PET image was co-registered to the
MRI using the AIR algorithm (Woods et al. 1992). The
quality of each co-registration was evaluated by visual
inspection in three planes.

The kinetic modeling was performed using the
PMOD software version 2.9, build 2 (PMOD Technol-
ogies). Time-activity curves were extracted from gray
matter voxels in VOIs only. The binding potential of
specific tracer binding (BPND) was calculated using the
Ichise Multi-linear Reference Tissue Method 2 with
cerebellum (excluding vermis) as a reference region
representing non-specific binding only (Ichise et al.
2003). The k2′ (clearance rate constant from cerebellum)
was fixed by applying MRTM on time-activity curve data
from a high-binding region composed from volume-
weighted average of thalamus, putamen, and caudate
(Ichise et al. 2003).

Statistics

The primary outcome, i.e., the effect of regional SERT
binding on cognitive performance, was modeled in SAS 9.1
(SAS Institute Inc.) using a linear regression analysis for
each cognitive test with performance as the dependent
variable. Age was included in the model as an explanatory
covariate when significant (p value<0.05), since cognitive
performance in some tests may change with age and vivo
imaging studies have shown a decline in SERT binding in
with aging, albeit in cohorts with larger age span and in
varying regions (Meyer et al. 2001; Reimold et al. 2008;
Kalbitzer et al. 2009).

Associations between individual performances in tests
and IQ (measured by the IST-2000-R subtest) and between
performance in tests within the same cognitive domain
were tested in a linear regression model.

Influence of 5-HTTLPR polymorphism and smoking
habits on cognitive function, SERT binding, and gray
matter volume was analyzed with t tests.

A significance level of p<0.05 was adopted throughout
the analyses, without correction for multiple comparisons.

Results

All 32 individuals completed the cognitive testing, and 24
individuals performed the IST-2000-R subtest. Table 1
shows demographic data and test scores for the subjects.
The measured regional [11C]DASB BPND values and gray
matter volumes are listed in Table 2. The previously
established regional variation in SERT binding (Gurevich
and Joyce 1996) was corroborated in our study (order of
binding: striatum>hippocampus>anterior cingulate cortex>
prefrontal cortex). We found a decrease with aging in
cognitive performance in TMT B (R2=0.12, estimate=
0.95 s/year±0.46, p=0.047), and a tendency to an increase
in DART45 with aging (R2=0.11, estimate=0.47/year±0.25,

Table 1 Demographic data and cognitive test scores

Mean ± SD

Sex 25 M/7F

Age (years) 26.0±5.1

BMI (kg/m2) 25.4±5.4

Education (score 9–17) 15.6±1.9

RAVLT (score) 12.1±2.2

Rey’s Complex Figure (score) 25.0±6.6

Trail Making B (s) 52.9±13.7

Stroop incongruity (s) 109.2±31.2

DART45 (score) 28.3±7.4

IST-2000-R (score) N=24 22.1±8.0

Table 2 Regional SERT binding levels measured as BPND of [11C]
DASB and gray matter volumes

Region BPND Gray matter volume (ml)
Mean ± SD Mean ± SD

Left putamen 1.65±0.19 3.62±0.38

Right putamen 1.64±0.17 3.50±0.42

Left caudate 1.44± 0.23 2.40±0.30

Right caudate 1.44±0.25 2.22±0.28

Left VLPFC 0.26±0.05 6.45±0.71

Right VLPFC 0.24±0.05 6.31±0.80

Left DLPFC 0.19±0.07 9.43±0.85

Right DLPFC 0.21±0.06 9.66±0.97

Left hippocampus 0.68±0.10 2.92±0.23

Right hippocampus 0.63±0.11 2.78±0.23

Left ACC 0.47±0.07 3.75±0.41

Right ACC 0.49±0.06 3.34±0.36
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p=0.067). Otherwise aging had no effect on cognitive
performance in this cohort.

We found a tendency to a positive association between
IQ (measured by the IST-2000-R subtest) and performance
in TMT B (p=0.06, corrected for age) and RAVLT (p=
0.06), but no association was found to Stroop Color Word
Test or Rey Complex Figure Test.

Smokers had lower gray matter volume (p=0.03) and
SERT binding (p=0.05) in the left hippocampus, they also
had lower DART45 score (p=0.04). No other differences
between smokers and no-smokers were found.

Executive function

There was a significant association between performance in
the Stroop Color Word Test and SERT binding in the right
DLPFC (R2=0.12, estimate=−174 s/BPND±84, p=0.048)
with faster performance associating with higher SERT
binding (Fig. 1). No associations were found between
Stroop performance and SERT binding in the ACC.
However, post hoc analysis of fronto-striatal ROIs showed
tendencies in the same direction in left VLPFC (R2=0.08,
estimate=−205 s/BPND±114, p=0.082), the right caudate
(R2=0.09, estimate=−38 s/BPND±22, p=0.088) and the left
DLPFC (R2=0.08, estimate=−139 s/BPND±84, p=0.11).

No significant associations were found between regional
SERT binding in LPFC and the performance in the TMT B,
and only a tendency to an association between individual
performance in TMT B and Stroop Color Word Test (p=
0.085) was found.

Long-term memory

There was no association between regional SERT binding
and performance in RAVLT or Rey Complex Figure Test,
neither in hippocampus nor in LPFC ROIs. Further, we did
not find any significant association between the individuals’
performance in the two tests for episodic verbal and visual
memory (p=0.75).

Intelligence and education

There were positive associations between the IST-2000-R
subtest scores and fronto-striatal SERT binding (see
Table 3) with the strongest associations in the left hemi-
sphere: caudate (p=0.0026, Fig. 2), VLPFC (p=0.014), and a
tendency in DLPFC (p=0.078). In the right hemisphere, a
positive association was found only for the caudate (p=
0.041).

Performance in DART45 did not associate with
fronto-striatal SERT binding; only a trend towards a
positive association was found between SERT binding in
the left caudate and DART45 (R2=0.10, estimate=9.81
score/BPND±5.44, p=0.082, adjusted for age). However,
performance on the two tests for intelligence associated
(p=0.041), and outcomes from both tests also associated
with educational levels (IST-2000-R: p=0.002, DART45:
p=0.005).

A positive association was found between educational
level and SERT binding in the caudate—again with the
strongest association in the left hemisphere, see Fig. 3
(left caudate, R2=0.19; estimate=3.68 score/BPND±1.38,
p=0.012. Right caudate, R2=0.15; estimate=3.01 score/
BPND±1.29, p=0.027).

Table 3 Results of linear regression analysis with performance in
IST-2000-R as dependent variable of the regional SERT binding

Estimate ± SE P value R2

Left caudate 18.35±5.41/BPND 0.0026 0.34

Right caudate 13.21±5.36/BPND 0.022 0.22

Left VLPFC 75.73±28.34/BPND 0.014 0.24

Right VLPFC 34.12±29.27/BPND 0.25 0.06

Left DLPFC 41.92±22.71/BPND 0.078 0.13

Right DLPFC 32.91±23.85/BPND 0.18 0.08

Left putamen 12.25±8.36/BPND 0.16 0.09

Right putamen 9.03±9.46/BPND 0.35 0.04
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Fig. 2 The positive association between the IST-2000-R intelligence
score and regional SERT binding is here illustrated for the left caudate
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Fig. 1 The association between performance speed in Stroop Color
Word Test incongruent version and SERT binding in the DLPFC
region shows a positive correlation between performance and SERT
binding
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Gene effects

Thirteen test persons were homozygote L-allele carriers,
six were homozygote S-allele carriers, and ten were
heterozygote. For three subjects, genomic DNA was not
successfully purified. No differences in performance in the
cognitive tests were found between carriers of the different
alleles of the 5-HTTLPR polymorphism. Homozygote S-
allele carriers had lower SERT binding compared to
heterozygotes and homozygote L-allele carriers in the left
DLPFC (p=0.04), right DLPFC (p=0.03), and right
caudate (p=0.04); further, they had reduced hippocampus
volume (left, p=0.01; right, p=0.04).

Discussion

In young healthy adults, we identified positive associations
between intelligence scores and SERT binding in the
caudate nucleus and left-sided VLPFC, and between
educational level and SERT binding in the left caudate
nucleus. We also found positive associations between
executive function and right-sided dorsolateral prefrontal
cortical SERT binding. We were not, however, able to
demonstrate any association between LTM and SERT
binding. Our data suggest that high fronto-striatal SERT
binding is predictive of a better performance on tasks
involving executive function and logical reasoning. There
were no associations between cognitive performance in any
of the tasks and the regional gray matter volume or
genotype. Smoking was negatively associated to perfor-
mance only on DART45, this association may be influ-
enced by socio-economic confounders, and was not used as
a co-variate in the analysis.

Our results imply that high fronto-striatal SERT binding
have beneficial effects on some cognitive functions. The
inter-individual variation in SERT binding can be inter-
preted as a surrogate marker of variation in the number of
SERT molecules primarily located at the pre-synaptic
neuron. Thus, we suggest that in healthy subjects, high
fronto-striatal levels of SERT may correspond to an

efficient 5-HT reuptake system, being able to rapidly
change and adjust extracellular serotonin concentration in
the brain.

The inter-individual variation in SERT binding could
alternatively result from variation in the number of
serotonergic neurons, which have their soma in the raphe
nuclei in the midbrain. However, a post hoc analysis
showed no associations between SERT binding in the raphe
region (BPND 3.60 (0.48)) and performance on neither the
Stroop Color Word Test, the IST-2000-R subtest or
educational level, suggesting that the significant associa-
tions are not explained by the number of serotonergic
neurons in the raphe region.

In contrast to our findings, no associations were found
between cognitive performance and the 5-HT1A receptor in
a PET study of healthy subjects (Borg et al. 2006),
suggesting that the reuptake system is better related to
cognitive function than the 5-HT1A receptor.

Executive function

The positive association between speed performance on the
Stroop Color Word Test and SERT binding in the right
DLPFC may reflect that a high SERT level enables the
individual to quickly adapt the serotonergic tone to
increasing attentional demands by reducing the amount of
endogenous serotonin in the synaptic cleft, in correspon-
dence with a generally improved attention following ATD
(Schmitt et al. 2000; Booij et al. 2005). This effect may be
mediated through lower serotonergic tone on other neuro-
transmitter systems involved in the ACC-DLPFC circuit
(i.e., dopaminergic and glutamatergic systems (Boulougouris
and Tsaltas 2008)). Yet, on the other hand, administration
of SSRIs does not impair focused attention (Schmitt et al.
2002; Hindmarch and Bhatti 1988; Wingen et al. 2007).
Decreased activity in fMRI within right DLPFC and ACC
during discrimination tasks has been found in adolescents
with attention-deficit hyperactivity disorder (Smith et al.
2008) as well as in adolescents with major depressive
disorder (Halari et al. 2009). We did, however, only find
an association to SERT binding in the right DLPFC and
not in ACC.

A study from our group in 50 healthy subjects showed a
negative association between SERT binding measured with
[11C]DASB and the personality trait openness (Kalbitzer et
al. 2009), and it seems reasonable that focused attention
and openness may be negatively associated.

Genetic studies have associated attention and other
executive functions to the short 5-HTTLPR allele of the
SLC6A4 gene (Strobel et al. 2007; Borg et al. 2009; Roiser
et al. 2007), but we did not find gene effects in this
relatively small sample for such associations. However,
differences in SERT binding between short and long
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Fig. 3 Illustration of the positive association between educational
level and SERT binding in the left caudate
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5-HTTLPR allele carriers have only been described in few
studies and in different regions (Kalbitzer et al. 2009;
Praschak-Rieder et al. 2007; Reimold et al. 2007) which is
in accordance with our results.

No significant associations were found between regional
fronto-strialtal SERT binding and the speed performance in
the TMT B. However, individual differences in TMT B in
this young and well-educated cohort may be more related to
the visuomotor speed requirements of the test than set
shifting, which is supported by the decrease in performance
with age and the lack of association between individual
performance in TMT B and Stroop Color Word Test.

Long-term memory

Our study showed no associations between LTM test scores
and SERT binding in the fronto-striatal regions or in the
hippocampus. However, Rey Complex Figure Test and Rey
Auditory Learning Test are primarily developed to examine
patients with cognitive problems and the people enrolled in
the present study were relatively well educated (see Table 1)
and there was no association between the individual’s
performances in the two tests. In addition, previous studies
have shown that impairment of episodic LTM in healthy
volunteers after ATD was most pronounced with a delay in
recall for more than 30 min (Riedel et al. 1999). In this
study, the delays for recall were only 3 and 20 min in Rey
Complex Figure Test and RAVLT, respectively, and an
association between SERT levels and delayed recall for
more than 30 min cannot be excluded.

Intelligence and education

The positive association between IST-2000-R performance
and SERT binding was stronger in the left hemisphere. This
was to be expected, as the applied test is composed of tasks
for logical reasoning (Verbal Analogies and Number
Series), which primarily is associated with the left hemi-
sphere (Reverberi et al. 2009). Other factors of intelligence
that primarily are associated with the right hemisphere
include spatial or geometric tasks, but these tasks were not
explored in the present study. We found that the level of
SERT binding in the left caudate explained 34% of the
variance in IST-2000-R scores. It could be hypothesized
that this association between intelligence and SERT binding
in fronto-striatal regions reflect the same underlying
modulation of cognition by serotonin as described above
for the association between prefrontal SERT binding and
attentional aspects of cognition.

Even though performance on the two tests (IST-2000-R
and DART45) is associated, the association to SERT
binding was not found for the DART45. This discrepancy
may be related to the very different requirements of the

tests. DART45 requires the pronunciation of irregular
words and is a test of “crystallized intelligence”, while the
IST-2000-R subtests for logical reasoning are related to
“fluid intelligence”. Even though these two aspects of
intelligence are correlated, and both tests associate with
educational level, they are not identical. DART45 is also a
test of learned abilities and as expected, a tendency to an
increase with aging was found, even in this relatively young
cohort. Further, DART45 might be more influenced by the
generally high education level of the cohort.

Conclusions

In conclusion, in the present study, we found further
evidence for the notion that the serotonergic system is of
importance for cognitive function in young healthy sub-
jects. We found a positive association between regional
SERT binding and cognitive performance, suggesting that
an efficient 5-HT reuptake system contributes to better
performance in certain cognitive tasks. Thus, we found
positive associations between executive function and right-
sided dorsolateral prefrontal cortical SERT binding. Fur-
thermore, scores of intelligence associated positively with
SERT binding in the caudate and left-sided ventrolateral
prefrontal cortex and educational level with SERT binding
in the left caudate. The results imply that high SERT
binding in fronto-striatal regions is related to better
performance on tasks involving executive function and
logical reasoning, but a corroboration of our results in a
larger sample would be required before firm conclusions
can be drawn.
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