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sert aNd dat iN relatioN to cogNitioN, persoNality, aNd mood

abstract

background
serotonin and dopamine neurotransmitter systems are implicated in the regulation of mood, 

cognition, and personality traits and their dysfunction is thought to be implicated in diverse 

psychopathologies. However, in healthy subjects the relation between the serotonin and 

dopamine systems and neuropsychological functioning and personality traits is not clearly 

established. in the present study we investigated whether neuropsychological functioning, 

personality traits and mood states of a group of healthy subjects are associated with in-vivo 

measures of serotonin transporters (serts) and dopamine transporters (dats). 

methods
188 young healthy subjects underwent neuropsychological and subjective measurements 

of memory function, depression, and impulsivity. participants’ sert and dat availability 

in predefined regions of interest were assessed using single photon emission computed 

tomography (spect) with the radiotracer [123i]β-cit. individual magnetic resonance (mri) scans 

served as anatomic reference. 

results
We did not find any significant association between sert or dat availability and 

neuropsychological test performance or self-reported impulsivity and mood. there were no 

significant sex differences in sert or dat availability, but men performed significantly better on 

some tests of visuo-spatial functioning than women. 

conclusions
robust negative findings for striatal dat availability seriously question earlier findings of 

positive associations between dat availability and cognitive functions in healthy subjects. 

secondly, our results suggest that subcortical sert availability is not associated with the 

neuropsychological functions and personality traits assessed. in conclusion, the present study 

suggests that neuropsychological and personality measurements in young healthy people are 

not associated with subcortical sert or striatal dat availabilities in the brain.
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iNtroductioN
serotonergic and dopaminergic neurotransmission have been suggested to play a role 

in personality traits, mood states, and neuropsychological functioning. consequently, 

dysfunction of the serotonergic and/or dopaminergic system is thought to be implicated in 

diverse psychopathologies, e.g. depression, schizophrenia, obsessive compulsive disorder, 

and impulsivity-related disorders like attention deficit hyperactivity disorder (adHd) (1-7). 

dopamine (da) has been linked to neuropsychological functions, like selective attention, 

working memory, and motivational functions (8). furthermore, antidepressant drugs like 

selective serotonin reuptake inhibitors (ssris) may enhance cognitive functioning and learning 

abilities, which points to the involvement of serotonin in learning and memory (9). personality 

traits and neuropsychological abilities refer to functional patterns that differ among individuals. 

they are suggested to be, in part, heritable (10-12), and several associations have been reported 

with factors related to neurotransmission, e.g. polymorphisms in the serotonin transporter 

gene (5-Httlpr) (3;13). the central question, emerging from these findings, is whether in-vivo 

assessment of neurotransmitter systems allows us to make predictions about cognition, self 

reported mood states and personality traits. 

the serotonin transporter (sert) and dopamine transporter (dat) are expressed 

exclusively in the membrane of serotonergic and dopaminergic neurons, respectively, and 

regulate intrasynaptic neurotransmitter levels. Homeostatic tone of neurotransmitter systems 

is reflected by transporter concentration (14). positron emission tomography (pet) and single 

photon emission computed tomography (spect) enable us to quantify the in-vivo availability 

of central serts and dats. 

so far, only a few studies have investigated the relationship between markers of serotonergic/

dopaminergic transmission and cognition, mood and personality in healthy subjects, but yielded 

inconsistent results (15-20). takano et al. (19) demonstrated a positive correlation between the 

neuroticism personality trait and thalamic sert binding in healthy subjects. Kalbitzer et al. (16) 

recently found the personality trait “openness to experience”, with high scores being indicative of 

cognitive flexibility and openness to change, to be associated with lower sert binding in midbrain, 

putamen and thalamus. in another study, “novelty seeking” was negatively correlated with d2 

receptors in the right insular cortex (18). mozley et al. (17) were the only to report significant 

associations between striatal dat availability and memory in healthy controls. conversely, borg 

et al. (15) did not find any association of neuropsychological test scores and serotonin receptor 

(5-Ht
1a

) density, but reported a relationship between performance on the Wisconsin card sorting 

test and 5-Httlpr genotype. finally, a study by mccann et al. (21) compared 2-week-abstinent 

mdma (3,4-methylenedioxy-N-methamphetamine) users and healthy controls on dat and sert 

availability and the association with performance on neuropsychological tests. in the controls, 

lower sert availability in the dorsolateral prefrontal cortex and parietal cortex were associated 

with poorer performance on several memory tasks and the digit span scale. 

studies that looked at personality traits in cohorts that also included psychiatric patients 

consistently showed evidence for associations between dat/sert and neuropsychological 

or personality disturbances, but the direction of association remains conflictive. for example, 

impulsivity is thought to play a role in several psychopathologies, e.g. adHd or impulsive 

suicidal behavior. in some studies, impulsivity was found to be associated with lower sert 
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binding (22;23) and higher dat availability (24). However, another study found associations 

in the opposite direction (25). similarly, sert alterations have often been reported in mood 

disorders (26-28). High scores on depression rating scales were associated with low sert 

binding in depressed patients (29-31). However, others could not replicate these findings (25) or 

found associations in the opposite direction (26;27). finally, neuroimaging studies investigating 

drug-induced neurotoxic effects on cognition have found correlations between memory 

task performances and monoamine transporter availability (dat and vesicular monoamine 

transporter) in the striatum of current and former mdma and methamphetamine (N-methyl-

phenylpropylamine) users (21;32-34). 

altogether, there are large inconsistencies in, and especially in the direction of, possible 

associations of central dat and sert concentrations and the expression of particular personality 

traits, mood states, and neuropsychological functions. this is especially true for studies in 

subjects without clinically relevant psychopathology. the aim of this study is, therefore, to 

resolve this problem of inconsistent findings in a study with a much larger sample of young 

healthy subjects compared to the ones that were studied before, using both neuropsychological 

tasks and mood and personality self-reports in a study simultaneously looking at sert and dat.

metHods

subjects
a group of healthy young adults (18 – 24 years, 111 females, 77 males) was recruited between 

2002 and 2004. subjects participated in the NeXt (Netherlands Xtc toxicity) study, of which a 

detailed description can be found elsewhere (35). participants were actively recruited (35) and 

they were ecstasy-naive at time of recruitment. main criterion for inclusion was intent (probable 

or certain) to use ecstasy in the near future for the first time. exclusion criteria were age below 18 

or above 35 years, ecstasy use in the past, severe physical or mental illness, use of psychotropic 

medications (e.g. ssris), pregnancy and intravenous drug use. subjects had to abstain from 

psychoactive substances for at least two weeks and from alcohol for at least one week before 

examinations. this was checked in urine (enzyme-multiplied immunoassay for amphetamines, 

mdma, opioids, cocaine, benzodiazepine, cannabis, and alcohol). the study was approved by 

the medical ethics committee of the academic medical center, university of amsterdam. all 

subjects gave written informed consent and received a reimbursement for their participation.

Neuropsychological tests and personality questionnaires
a detailed description of the tests and questionnaires that were used can be found elsewhere (34).

Cognition
Attention and Working Memory. the paced auditory serial addition test (pasat) (36) measures 

working memory and arithmetical skills (maximum score: 60). the digit span scale (dss), a 

subtest of the Wais–r (Wechsler adult intelligent scale – revised) (37) measures working memory 

capacity (maximum score: 21). the rey auditory Verbal learning test (raVlt) (38;39) measures 

verbal memory in terms of recalling a list of 15 words (maximum score: 75, after five trials), delayed 

recall (maximum score: 15, after 20 minutes), and recognition (maximum score: 30). 
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Visual Memory and Visuo-spatial Function. a computerized adaptation of the memory 

for designs test (mfdt) (40) was used to test visual memory in terms of number of correctly 

reproduced elements (maximum score: 105, after five trials) and delayed (maximum score: 21, 

after 15 minutes) reproduction. in the mental rotation test (41), subjects must judge whether 20 

pairs of block designs, drawn from different perspective, were identical or different (maximum 

40 hits, maximum time: 6 minutes). a computerized adaptation of the Judgment of line 

orientation task (Jolo) (42) was used to test visuo-spatial functioning. subjects are required 

to identify which 2 of 11 lines, presented in a semicircular array, have the same orientation in a 

2-dimensional space (maximum score: 30).

Impulsivity, decision-making, and risk-taking behavior. a computerized version of the iowa 

gambling task (igt) (43;44) was used to measure decision-making and risk-taking behavior. the 

explicit goal of the test is to maximize profit on a loan of play money (45) (maximum score: 60). 

Intelligent Quotient. Verbal intelligence was estimated with a dutch version of the National 

adult reading test (46): the dutch adult reading test (dart) (47).

Personality
the dutch 31-item version of the barratt impulsiveness scale (bis-11), scored on a four-point 

scale, was used as a measure of self-reported impulsivity (48), with subscales representing 

attentional, motor, and non-planning impulsivity. the spanningsbehoefte lijst (sbl), the 

dutch 51-item adaptation of the sensation seeking scale (49), was used to measure sensation 

seeking (50). a general sensation seeking score (scored from 1 to 5), sum of the subscales ‘thrill 

and adventure seeking’ (tas), ‘experience seeking’ (es), ‘boredom susceptibility’ (bs) and 

‘disinhibition’ (dis), was calculated.

Mood
Depression. current depressive symptoms were assessed using the 21-item beck depression 

inventory (51), with higher scores indicating more depressive symptoms (maximum score: 63).  

spect and mr imaging
Acquisition. spect was used for quantifying subcortical sert and striatal dat availabilities 

(52;53). subjects were intravenously injected with approximately 4 mci (140 mbq) of 123iodine-

2β-carbomethoxy-3β(4-iodophenyl)tropane ([123i]β-cit). spect imaging was performed with 

a brain-dedicated 12-detector single-slice scanner (strichman medical equipment 810, inc., 

medfield, mass., usa). scanning was started 4 h post-injection (p.i.) when specific binding 

to sert is stable (54). a second scan, 24 h p.i., was accomplished in order to measure dat 

availability. at this time point stable specific binding to striatal dat is reached (55). further 

acquisition parameters were as described earlier (56).

for anatomic reference, t1-3d magnetic resonance imaging was performed using a 1.5 

tesla scanner (signa Horizon, lX 9.0, general electric medical systems, milwaukee, Wi, usa), 

as described earlier (57). 

Post-processing. on all spect images, attenuation correction was performed and all images 

were reconstructed in 3d-mode. Quantitative analyses of sert availability had been performed 

by de Win et al. (32). in short, each individual spect and mri scan was registered and next co-

registered to the 152 mNi brain. for the analysis of sert availability, regions of interest (rois) 

were drawn on the mNi template in midbrain and thalamus. then, rois were overlaid over each 
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co-registered spect scan. specific to non-specific binding ratios were calculated using the 

following formula: (activity in roi – cerebellar activity/cerebellar activity (non-displaceable 

binding potential; bp
Nd

 (58)). 

for the analysis of striatal dat availability, rois were drawn on each individual t1-3d mri-scan 

for the caudate nucleus (bilaterally), the putamen (bilaterally) and the occipital cortex, which 

was assumed to represent non-displaceable activity (reference region). rois were drawn by 

making use of self-developed software (59). choice of rois was restricted to subcortical and 

striatal brain areas, because of their dense dats and serts innervations. in contrast, cortical 

brain regions only show low dat and sert densities, and were not included for roi analysis. by 

means of the same program, we matched the spect scans of the subjects with their individual 

t1-3d-mri scans, and extracted dat availability of the respective rois (figure 1). specific to 

non-specific binding ratios for dat were calculated: (activity in roi – activity occipital cortex)/

activity occipital cortex; bp
Nd

) (58).

Figure 1. shows an example of region of interest (roi) drawings to analyze dat availability and match of 
mri image with spect image. from left to right: axial, coronal, sagittal views. upper row: five 3-d rois 
drawn on individual mri scan: caudate nucleus (green, violet) putamen (yellow, red), occipital cortex 
(light blue). lower row: individual spect scan matched on individual mri scan; intensity of uptake value 
indicated by intensity of red scaling. 

192



13

sert aNd dat iN relatioN to cogNitioN, persoNality, aNd mood

statistical analyses
the question whether sert/dat availability in a specific brain region predicts the performance 

on a neuropsychological test, personality questionnaire or mood questionnaire was tested 

by means of linear regression analysis, using spss software (version 16.0; spss inc.). bp
Nd

 for 

different regions (midbrain, thalamus, caudate nucleus or putamen) was taken as independent 

variable and test scores were chosen as dependent variables. We corrected for age and gender 

as these are known factors to influence sert and dat availability (17;60). the analyses with 

neuropsychological test scores as dependent variables were additionally corrected for iQ. as 

determined by bonferroni correction, p values were considered statistically significant at a 

level of p=0.005 to correct for multiple testing for the 10 main tests on neuropsychological 

functioning, personality and mood. the different rois were not included as variables in the 

bonferroni correction, since regional sert or dat expression levels are highly interdependent. 

effect sizes were calculated for dat and sert separately, with an α-level of 0.05, 80% power, 

and 4 predictors (1 test/questionnaire, iQ, age and gender). the minimal detectable effect size 

for dat (N=79) was r2=0.1387 (r=0.3725), for sert (N=188) it was r2=0.0612 (r=0.2474). from these 

calculations, it could be expected that even small correlations between the parameters could 

be detected with the current sample sizes and the applied significant levels. We checked for 

potential sex differences by means of a t-test, and looked for possible age effects by means of 

correlational analyses. because study participants were selected on the basis of a relatively high 

probability of starting to use ecstasy, substance-abuse parameters were screened for potential 

confounding effects. Nicotine, alcohol, cannabis, cocaine and amphetamine use was assessed 

dichotomously (ever used/not used), while alcohol, nicotine and cannabis intake was checked 

additionally more in detail by asking for frequency of use. potential confounders were defined 

as variables that were associated with one of the dependent variables (sert or dat availability) 

at p<0.10 level of significance (61). 

results
all 188 participants completed the mood questionnaire, 187 completed the personality 

questionnaires, and 184 completed all neuropsychological tests. the iowa gambling task was 

accomplished by 149 subjects. only 177 sert scans could be analyzed, because 11 participants 

had to be excluded from analysis due to problems with scanning or matching. of these 177 

subjects, 80 also participated in dat imaging, but one subject had to be excluded from 

analysis because of poor scan quality. demographic data, data on sert and dat availability, 

neuropsychological measures (mean score and standard deviation), and substance use 

characteristics are depicted in table 1. 

the results of the regression analysis on the sert data revealed no significant associations 

between sert availability in any of the selected brain regions and performance on any of the 

neuropsychological tests, personality scores or mood questionnaires. although there were 

some trends for significance (table 2, effects with p < 0.1 are mentioned), no overall effect 

pattern could be observed. the only significant (p=0.045, uncorrected) predictor for sert 

binding potential in the midbrain was performance on the raVlt, sum trial 1-5. However, this 

association was no longer significant after bonferroni correction. 
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Table 1. subject characteristics: demographics, sert and dat availability, self-reported personality and mood 
measures, neuropsychological test scores and substance use.

 Mean (SD) N (female/male) T  
sex difference

p-value  
sex difference

age (years) 21.3 (3.0) 188 (111f/77m) 1.160 0.248

years of education 14.2 (2.2) 188 (111f/77m) -0.935 0.351

dart-iQ 103.9 (9.3) 188 (111f/77m) 3.446 0.001*

sert availability (bpNd) 177 (105f/70m)

   midbrain 1.3 (0.4) -1.044 0.298

   thalamus 1.3 (0.4)  -1.600 0.111

dat availability (bpNd)  79 (48f/ 31m)

   caudate nucleus 8.9 (2.3) 1.608 0.112

   putamen 10.6 (2.2)  1.003 0.319

beck depression inventory 3.5 (3.5) 188 (111f/77m)    -1.256 0.211

barratt impulsiveness scale 68.1 (9.2) 188 (111f/77m) 1.426 0.156

sensation seeking scale 13.6 (1.5) 187 (110f/77m) 3.054 0.003*

paced auditory serial addition test 188 (111f/77m)

   1.6 sec 42.2 (7.9) 1.112 0.268

   2.4 sec 51.8 (6.5) -1.890 0.060

digit span scale 188 (111f/77m)

   forward 14.9 (2.6) -1.689 0.093

   backward 11.3 (2.4) -1.037 0.301

rey auditory Verbal learning test 188 (111f/77m

   sum score trial 1-5 58.2 (6.0) -0.716 0.475

   recall 13.5 (1.6) -0.351 0.726

   recognition 29.9 (0.3) 0.995 0.321

memory for design test 188 (111f/77m)

   sum score trial 1-5 94.3 (8.7) 1.563 0.120

   recall 20.7 (0.8) 0.637 0.525

mental rotation test 22.7 (7.0) 188 (111f/77m) 6.208 0.000*

Judgment of line orientation test 22.6 (3.8) 188 (111f/77m) 3.083 0.002*

iowa gambling task 149 (86f/63m)

   total good-bad deck choices 8.5 (21.7) 0.432 0.666

Nicotine (packs of cigarettes/wk) 1.3 (2.4) 188

Nicotine (ever used) 149

alcohol (units/wk) 11.3 (9.5) 188

alcohol (ever used) 186

cannabis ( joints/wk) 0.8 (2.0) 188

cannabis (ever used) 161

amphetamine (ever used) 13

cocaine (ever used) 25

* statistically significant with α = 0.01 (uncorrected), sd = standard deviation.
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Table 2. results regression analysis. sert or dat availability in different brain areas and performance on 
neuropsychological tests, mood and personality questionnaires. only results with p<0.1 are shown.

ROI Test β r T  p-value N

SERT

midbrain raVlt sum score trial 1-5 -.153 -.153 -2.019 .045 177

raVlt recall -.144 -.143 -1.887 .061

thalamus igt -.159 -.155 -1.825 .070 

DAT

right caudate nucleus pasat 1.6 .182 .195 1.711 .091 79

mfdt, sum score trial 1-5 .198 .221 1.949     .055  

β = standardized beta, r = correlation coefficient, raVlt = rey auditory Verbal learning test, igt = iowa 
gambling task, pasat 1.6 = paced auditory serial addition test 1.6, mfdt = memory for design test

the regression analysis of the dat data also revealed no significant associations between dat 

availability in the striatum and neuropsychological test performance, personality questionnaire 

scores and mood ratings (see table 2; only effects with p<0.1 are mentioned). table 3 (supplementary 

online material) demonstrates all correlations performed of dat or sert availability with 

neuropsychological test or questionnaire (age, gender, and iQ as control variables).

checking for potential sex differences within the sample (table 1), men and women showed 

no differences in their sert and dat availability in the different brain areas. also no differences 

between men and women were found with respect to neuropsychological test performances, 

except for the mental rotation test (p<0.001) and the Judgment of line orientation test 

(p=0.006; which is no longer significant after bonferroni correction). men performed slightly 

better on these visuo-spatial functioning tests. significant sex differences were also found 

for the sensation seeking scale, with men scoring higher than women (p=0.003). further, 

men (mean 106.6, sd 10.0) had a significantly (p=0.001) higher estimated dart-iQ compared 

to women (102.0, 8.3). We checked for a possible age-dependent decline in dat or sert 

availability, but we did not find any effects of age in our sample. 

the only possible substance-abuse confounder was amount of alcoholic drinks per week 

(r=-0.18, p=0.017 for sert availability in the thalamus; n=176). one subject was excluded 

from this analysis because of inconsistent reporting on alcohol consumption. When alcohol 

consumption was added to the regression analysis, only small and non-relevant changes were 

observed: midbrain and raVlt sum trial 1-5 (β=-0.154, p=0.048), midbrain and raVlt recall 

(β=-0.130, p=0.093); thalamus and igt (β=-0.178, p=0.044); right caudate nucleus and pasat 

1.6 (β=0.222, p=0.041); right caudate nucleus and mfdt sum score trial 1-5 (β=0.194, p=0.065). 

None of these associations remained significant after correction for multiple testing.

discussioN
the purpose of this study was to assess the association of in-vivo sert and dat availability 

with personality traits, mood state and neuropsychological abilities in a large group of healthy 

young adults. We could not replicate any of the previously reported associations between 

neuropsychological, mood or personality measures and sert or dat in healthy people. even 
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when taking trends for significance into account, no effect pattern, with e.g. one particular 

cognitive domain related to dat or sert, could be identified. the overall conclusion of our 

analyses is that no such association exists in our study sample.

in contrast to our findings, a few studies looking for an association between neurotransmitter 

systems and cognition or personality measurements in healthy subjects were able to demonstrate 

such a relationship, whereas others did not find such associations. these inconsistent results 

may have emerged from differences in study population, such as sex and age differences, or 

from other methodological issues such as the use of different, or maybe too insensitive tests 

and questionnaires and differences in the application of corrections for multiple testing. When 

we compare the results of these studies to the present one, a major difference is the sample size, 

with our sample being by far the largest up to now. While our study tested up to 177 (sert) and 

79 (dat) subjects, the study with the largest sample size reporting a significant association is 

the one by mozley et al. (17). using [99mtc]trodat-1 spect, they tested 66 subjects for possible 

associations between dats and memory in healthy subjects. they used the pennsylvania Verbal 

learning test, a variant of the raVlt that we used. in contrast to our findings, they reported 

significant correlations between dats and performance scores: r=0.43, p=0.02 in men (caudate 

nucleus) and r=0.40, p=0.02 in women (caudate nucleus, putamen). methodological differences 

may be responsible for the differential findings. for example, mozley et al. (17) used a fixed-roi 

template (i.e. without co-registration of individual mris), and images were acquired 3 hours 

p.i., while 4.5 – 5 hours p.i. probably is a better time-point to analyze dats with trodat spect 

(62). moreover, a single [123i]β-cit spect scan 24 hours p.i. is well validated to assess striatal dat 

availability (55) and considered superior to [99mtc]trodat-1 spect. finally, mozley et al. did not 

correct their findings for multiple testing. therefore, the reported associations between dat 

availability and memory performance (17) might be a false positive (chance) finding. 

apart from the differences in sample size and radioligand use, there were differences with respect 

to tests used to investigate neuropsychological performance and personality traits. in their [11c]dasb 

pet study, takano et al. (19) found that higher thalamic sert binding correlated to higher levels of 

neuroticism and depressive feelings, measured with the Neo personality inventory. it should be 

noted, that they were not able to find any association with Neo impulsivity, which is in agreement 

with our study finding of no association between impulsivity scores and sert availability. 

a recent [11c]dasb pet study (16), testing 50 healthy subjects, found “openness to 

experience”, a subscale of the Neo, to be associated with lower sert binding in the sert-rich 

midbrain, putamen, and thalamus. Notably, the authors do not mention associations with any 

of the other Neo subscales, such as the neuroticism facet, for which the just mentioned study 

by takano et al. found significant associations. Neither did takano et al. report an association 

with the Neo openness to experience subscale.

another [11c]dasb pet study (21) investigated a group of 2-week abstinent mdma users 

(N=16) and healthy controls (N=16). When all subjects were included for a correlational analysis, 

lower sert binding potentials in the dorsolateral prefrontal cortex and parietal cortex were 

associated with poorer performance on the Wechsler memory scale and the digit span scale. 

after splitting the group, and in contrast to what would be expected, this association remained 

strong only for the control group, but not for the former mdma users. We did not find any 

association between the digit span scale and sert in our sample; however, we only assessed 

sert in subcortical brain areas that express sert intensively. 
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one might wonder, whether we failed to replicate previous findings because of using spect 

instead of pet. it should be noted, however, that we were not able to replicate the positive [99mtc]

trodat spect association with memory dysfunction (17) in our study despite the fact that we 

had a bigger sample, used the radioligand [123i]β-cit, and applied individually co-registered mr 

images, ensuring high reliability of quantification. However, the other three out of four studies 

reporting positive findings in healthy subjects, used pet and the selective sert radiotracer 

[11c]dasb (16;19;21). although, the reliability of [123i]β-cit spect in quantifying dat and sert 

is generally accepted (55;56;63), the sensitivity and specificity of this technique (especially for 

measuring sert in cortical areas) is lower compared to [11c]dasb-pet, supporting the reported 

positive findings of the three [11c]dasb-pet studies.

another reason for the inconsistency of our findings with previous studies might be the 

variation within the samples. one might question whether the variation in test scores or sert/

dat binding values in this study could be too small to find effects. Where possible, we checked 

whether our sample deviates from normal population scores (48;50;64;65). subjects from 

the present study scored within a normal range on measures of depression, impulsivity and 

sensation seeking. moreover, variance and distribution of sert and dat availability values were 

comparable to that of healthy subjects of other studies (29;66-68 ). 

another possibility for the fact that small studies with healthy subjects did find associations 

between neuropsychological measures and dat or sert could be that they did not rigorously 

correct for multiple testing. only takano et al. (19) reported a conservative p-value (p<0.008), 

while others (16;17) chose not to correct for multiple testing. in the present study, p-values 

were considered statistically significant at a level of p<0.005 to correct for multiple testing for 

the ten main tests and questionnaires. this correction might be regarded as too conservative. 

However, a less conservative correction contributes to the chance of false positive findings.

overall, we can say that the positive findings that have been reported on neuropsychological 

functioning and personality traits and sert and dat availability in healthy subjects are difficult 

to replicate in our present study. the main reasons are probably differences in assessment 

instruments, (e.g., only a few cognitive assessments were computerized, and consequently less 

precise than in previous studies), differences in the sert and dat availability measurements 

(pet versus spect) and the application of corrections for multiple testing.

While our large sample size definitely contributed to statistical power, one weakness lies 

in a possibly biased study population. subjects were selected on the basis of their relatively 

high probability of starting to use ecstasy in the future. this selection might pose a limitation 

to the external validity of the study, because the study subject population had higher levels 

of substance use than the general population. using this selection criterion, we may have 

selected for individuals who had more self-control (and less impulsivity) because they were 

tempted, but had not tried, ecstasy. However, the impact of this selection was probably very 

small, because mean test scores and variances in outcome measures in the present study 

were highly comparable to other, less selective, healthy populations. furthermore, statistical 

analysis showed that substance-abuse parameters did not affect dat or sert availability 

significantly. in the present sample of 188 subjects, substance use was rather limited (1.3 packs 

of cigarettes/wk, sd=2.4; and 0.8 joints/wk, sd=2.0), and only a minority of participants ever 

used amphetamines (n=13) or cocaine (n=25). None of the subjects met the criteria for drug 

abuse. urine tests confirmed that none of the subjects had used drugs of abuse in the two 
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weeks before they were scanned. the only identified potential confounder, with rather small 

effects, was alcohol consumption (mean 11.1 units/wk, sd=8.9). overall, we cannot rule out any 

effect of substance abuse on this study, and consequently that our findings may not generalise 

to “healthy” individuals, but we believe that this effect would be small. 

in contrast to the few and partly inconsistent findings of studies with healthy subjects, 

many patient studies have replicated associations between personality traits, mood indicators 

or neuropsychological test results and dat or sert availability. for example, several studies 

found a lowered midbrain sert concentration in depressed patients (28;29;31). in addition, it 

was demonstrated that psychotherapy could enhance sert availability (30), but to differentiate 

between subtypes of depression, sert measurements as predictors were not sensitive enough 

(66). other studies report on dysfunctional impulsivity linked to sert availability (22-24). Koch 

et al. (25) used the bis and the bdi, like in our study, to investigate impulsivity and depression 

scores in relation to sert in the hypothalamus and the midbrain, using [123i]adam spect. in 

a small sample of borderline personality patients (N=8) and controls (N=9), they were able to 

demonstrate a correlation between impulsivity and sert binding when looking at the total 

sample. like in the present study, no association could be found for bdi measures, neither in 

the patient nor the control group. 

therefore, one might think that it is only the pathological condition that can be validly 

related to neurotransmitter system levels. However, normal personality traits, or extreme 

variants of these, are assumed to represent candidates for the role of ‘endophenotypes’ (69) 

and there is some evidence for a continuum between normal personality traits, personality 

disorders and psychiatric illness. consequently, personality disorders may represent extremes 

of normal personality traits. mental illnesses, in turn, may be extreme variants of personality 

disorders. the results from the studies that did not include people with mental illnesses or 

extreme variants so far showed only incidental and mainly inconsistent associations between 

personality traits and neuropsychological functioning and neurotransmitter system levels. 

based on our results, we conclude that only in the case of pathological situations underlying 

neurotransmitter systems seem to have predictive value with respect to personality traits and 

neuropsychological functioning. in the case of normally functioning systems it seems not 

possible yet to directly link the level of dat or sert expression to the level of behavior with the 

current techniques. in conclusion, the present study showed that predictions about behavioral 

data such as neuropsychological and personality measurements in young healthy people 

cannot be based on subcortical sert or striatal dat availabilities in the brain. 
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supplemeNtary iNformatioN

Table 3. correlations of dat or sert availability with neuropsychological test or questionnaire and age, gender, 
and iQ as control variables.

  

DAT availability SERT availability

caudate putamen midbrain thalamus

paced auditory serial addition test

   2.4sec r 0.125 0.028 -0.123 -0.094

p-value 0.284 0.808 0.354 0.479

   1.6sec r 0.186 0.081 0 -0.099

p-value 0.107 0.487 1 0.457

digit span scale

   forward r 0.128 0.000 -0.003 -0.005

p-value 0.271 0.998 0.984 0.972

   backward r 0.019 0.017 -0.014 -0.183

p-value 0.871 0.886 0.917 0.166

rey auditory Verbal learning test

   sum score trial 1-5 r 0.130 -0.029 0.065 0.013

p-value 0.263 0.806 0.627 0.923

   recall r 0.072 0.053 0.069 -0.122

p-value 0.535 0.647 0.605 0.359

   recognition r -0.043 -0.079 -0.172 0.011

p-value 0.711 0.497 0.193 0.935

memory for design test

   sum score trial 1-5 r 0.210 0.150 0.250 0.049

p-value 0.069  0.195 0.056 0.711

   recall r 0.160 -0.108 0.024 0.071

p-value 0.168 0.352 0.857 0.595

mental rotation test r 0.111 0.132 0.041 0.063

p-value 0.339 0.256 0.760 0.638

Judgement of line orientation test r 0.139 0.033 0.201 0.064

p-value 0.233 0.744 0.127 0.628

iowa gambling task r -0.088 -0.136 -0.022 -0.18

p-value 0.498 0.292 0.870 0.172

beck depression inventory r 0.000 -0.042 0.182 0.110

p-value 0.998 0.714 0.118 0.346

barrett impulsiveness scale r 0.040 -0.003 -0.079 -0.170

p-value 0.733 0.983 0.501 0.144

sensation seeking scale r 0.021 -0.035 -0.152 -0.100

p-value 0.859 0.763 0.193 0.395
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