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Abstract 

Life stress is a robust risk factor for later development of mood disorders, particularly for 

individuals at familial risk. Likewise, scoring high on the personality trait neuroticism is 

associated with an increased risk for mood disorders. Neuroticism partly reflects stress 

vulnerability and is positively correlated to frontolimbic serotonin 2A (5-HT2A) receptor 

binding. Here we investigate whether neuroticism interacts with familial risk in relation 

to frontolimbic 5-HT2A receptor binding. 

 Twenty-one healthy twins with a co-twin history of mood disorder and 16 healthy 

twins without a co-twin history of mood disorder were included. They answered self-

report personality questionnaires and underwent [18F]altanserin positron emission 

tomography (PET). 

 We found a significant interaction between neuroticism and familial risk in 

predicting the frontolimbic 5-HT2A receptor binding (p=0.026) in an analysis adjusting 

for age and body mass index. Within the high-risk group only, neuroticism and 

frontolimbic 5-HT2A receptor binding was positively associated (p=0.0037). 

 In conclusion our data indicate that familial risk and neuroticism interact in their 

relation to frontolimbic 5-HT2A receptor binding. These findings point at a plausible 

neurobiological link between genetic and personality risk factors and vulnerability to 

developing mood disorders. It contributes to our understanding of why some people at 

high risk develop mood disorders while others do not. We speculate that an increased 

stress reactivity in individuals at high familial risk for mood disorders might enhance the 

effect of neuroticism in shaping the impact of potential environmental stress and thereby 

influence serotonergic neurotransmission. 
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Introduction 
 
Stress is a robust risk factor for later development of mood disorders, particularly for 

individuals at familial risk. Seminal studies by Kendler et al. have demonstrated 

interactions between familial risk and severe life stress in the risk of developing major 

depression (Kendler et al, 1995). The background for a heritable stress vulnerability is 

most likely to be genetically complex in nature (Levinson, 2006) even though, Caspi et 

al. have demonstrated a link between stress vulnerability and the low expressing variant 

of a polymorphism in the promoter region of the serotonin transporter gene (Caspi et al, 

2003), a finding that has been replicated in 15 independent studies so far (Uher and 

McGuffin, 2008). In a study by our group we have, again, linked stress vulnerability and 

serotonergic neurotransmission by demonstrating a coupling between the personality trait 

neuroticism and frontolimbic serotonin 2A (5-HT2A) receptor binding in a large sample of 

healthy volunteers (Frokjaer et al, 2008). Repeatedly, studies have shown that 

environmental experience moderates genes’ effect on mental health. As such, identifying 

genetic vulnerability factors depends on focusing on relevant interactions with additional 

factors, e.g. environmental factors, that promote penetration of the genetic effects 

(Moffitt et al, 2005). One such additional factor to be taken into consideration is 

personality or general emotional response tendencies of an individual. The personality 

trait, neuroticism, reflects an individuals’ tendency to experience negative emotions and 

ability to cope with stress, factors that are critical in the development of depression. The 

level of neuroticism will shape a persons’ perception of potential environmental stress 
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and hence modulate the impact of a stressful environment (Jacobs et al, 2006). It is well 

documented that neuroticism is a risk factor for developing depression (Fanous et al, 

2007; Kendler et al, 1993a). The genetic factors influencing the development of the 

personality trait neuroticism only moderately overlap with genetic risk for developing 

major depression. In a large twin population of 20.692 members of same-sex twin pairs 

the genetic correlation between neuroticism and depression was estimated to be +0.46 

(Kendler et al, 2006b); this correlation does not seem to be gender specific (Fanous et al, 

2002). As such, a substantial proportion of the genetic vulnerability to major depression 

is not reflected in neuroticism and, therefore, may independently modulate the risk for 

mood disorders, and possibly also relate to serotonergic neurotransmission. 

Serotonergic neurotransmission is a key component of the pathophysiology of 

mood disorders and, also, neuroticism is linked to serotonergic neurotransmission 

independent on familial risk for mood disorders or psychopathology (Frokjaer et al, 

2008). Also, serotonergic neurotransmission is critical in the mechanisms of action of 

antidepressants. Although the major focus has been on the serotonin transporter, also 5-

HT2A receptor inhibition and down-regulation, e.g. as seen with SSRIs, mediate 

antidepressant treatment effects (14). Additional evidence for 5-HT2A receptor changes in 

depression comes from post mortem studies in the subset of depressed patients that 

commit suicide of which the majority report that 5-HT2A receptor binding is increased in 

dorsolateral prefrontal cortex (Stockmeier, 2003). Although initial findings of in vivo 

receptor imaging studies were contradictory, two recent studies have confirmed that 

frontal cortex 5-HT2A receptor binding is increased, both in recovered, un-medicated 

patients with a history of major depression (Bhagwagar et al, 2006), and in un-medicated 
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patients with severe depression (Meyer et al, 2003). Interestingly, negativistic thinking 

and 5-HT2A receptor binding is correlated both in depressed patients (Bhagwagar et al, 

2006; Meyer et al, 2003) and in healthy individuals (Frokjaer et al, 2008) in terms of 

dysfunctional attitudes and neuroticism scores, respectively. So far, no studies have 

investigated whether this coupling is a trait or state feature of depression. Here we test 

whether the coupling between neuroticism and frontolimbic 5-HT2A receptor binding is 

stronger in individuals at high familial risk as compared to individuals at low risk. 
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Materials and methods 

Twenty-three healthy high-risk twins with a co-twin diagnosed with mood disorder and 

18 low-risk twins whose co-twin did not have the diagnosis were initially included. They 

received brain MRI and [18F]altanserin PET, were administered personality assessments, 

and were screened for psychiatric symptoms. Four subjects were excluded from analyses. 

In two cases the measurement of plasma parent compound of [18F]altanserin failed and in 

one case the radiochemistry production was too small. Finally, one low-risk participant 

was excluded since he post inclusion was diagnosed with possible Tourette’s syndrome 

post inclusion. His twin brother and his nephew had severe Tourette’s syndrome and this 

predisposition had not been noted in the initial psychiatric screening. Thus, 37 

participants were available for analyses: 21 high-risk (12 dizygotic (DZ), 9 monozygotic 

(MZ)) twins, with familial predisposition through unipolar (17), and bipolar (4) co-twins, 

mean age 39.3 years (22.1 to 60.9), and 16 low-risk twins (10 DZ, 6 MZ), mean age 38.6 

(25.1 to 61.6) years. Female:male ratio was 13:8 (high-risk) and 12:4 (low-risk) reflecting 

the usual gender distribution in depression. The high-risk individuals’ co-twin received 

their diagnosis at a mean age of 32±8.8 years. All participants were life-time naive for 

antidepressants and antipsychotics. Five women used hormonal contraception (2 high- 

and 3 low-risk). One used non-sedative antihistamine. 

Healthy high-risk and low-risk individuals were identified by linking information 

from the Danish Twin Registry, the Danish Psychiatric Central Research Register and the 

Danish Civil Registration System. This linkage identified same-sex twin pairs in which 

one twin had been treated in a psychiatric hospital setting for an affective episode and 
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discharged with a diagnosis of depression or recurrent depression or a first diagnosis of 

manic mixed episode or bipolar affective disorder (from 1968-1993: ICD-8-codes 296.09, 

296.29, 296.89, 296.99 and 296.19, 296.39 and from 1994: ICD-10-codes: F32-33.9 and 

F30-31.6, F34.0 F38.00) and the other twin had not (yet) been diagnosed with an 

affective disorder, the high-risk healthy co-twin. Low-risk twins were recruited from twin 

pairs where both twins did not have a registered diagnosis or personal history of affective 

disorder. All subjects gave written informed consent. 

The participants were part of a larger cohort enrolled in a high-risk study 

(Christensen et al, 2007; Vinberg et al, 2007). Of the total cohort of 234 individuals, 100 

were below 60 yrs of age and able to undergo an MR-scan. Of these 100 eligible 

individuals, 45% from the high-risk group and 37% of the low-risk group participated, 

which did not represent a significant difference (p=0.42, Fischer’s Exact Test)”. 

Twelve of the participants from the low-risk group were also included in a study 

linking neuroticism and frontolimbic 5-HT2A in 83 healthy volunteers (Frokjaer et al, 

2008). 

 

Clinical data, symptom scores, and personality assessment. Participants were rated in 

a face-to-face interview by a trained clinician (MV). Persons with a lifetime diagnosis of 

mood disorder, schizoaffective disorder or schizophrenia according to Schedules for 

Clinical Assessment in Neuropsychiatry (SCAN version 2.1) were excluded from the 

study. The Hamilton Depression Scale (HAM-D 17-item) was used to assess depressive 

symptoms. Self-rating of psychopathology was assessed with the 21-item Beck 

Depression Inventory (BDI 21), and the 14-item Anxiety Subscale (BDI 14) as described 
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elsewhere (Christensen et al, 2007). Participants were interviewed about stressful life 

events (SLE) in the year prior to inclusion (recent life events), as described elsewhere 

(Vinberg et al, 2007). 

Participants also completed the Danish version of the 240 item NEO-PI-R (NEO 

Personality Inventory Revised) self-report personality questionnaire (Skovdahl-Hansen, 

2004) on the same day as the PET scanning. NEO-PI-R evaluates the broad personality 

dimensions of Neuroticism, Extraversion, Openness, Agreeableness, and 

Conscientiousness. Each dimension score is derived by adding the scores from 

assessment of six constituent personality traits (facets), and each trait score is derived by 

adding the scores on 8 items. The overall neuroticism score was the outcome measure. 

Post hoc, the contribution from the constituent traits of neuroticism (anxiety, depression, 

self-conscientiousness, vulnerability, impulsiveness, and angry hostility) was evaluated. 

Imaging. The 5-HT2A receptor binding was imaged with [18F]altanserin PET according to 

Pinborg et al. (Pinborg et al, 2003) using a maximum dose of 3.7 MBq/kg bodyweight. 

After bolus-infusion of tracer for 2 hours to attain tracer steady state conditions, 40 

minutes emission scans were acquired as a sequence of 5 frames of each 8 minutes, with 

an eighteen-ring GE-Advance scanner (GE, Milwaukee, Wisconsin, USA) operating in 

3D-acquisition mode. The total axial field of view was 15.2 cm with an approximate in-

plane resolution of 6 mm. During scanning, the fraction of un-metabolized tracer in 

venous plasma was determined at 3 time points using high performance liquid 

chromatography analysis (HPLC). Reconstruction, including attenuation correction, and 

scatter correction are described in detail elsewhere (Pinborg et al, 2003). The 5 frames of 

PET data were aligned using the AIR algorithm (Woods et al, 1998). Structural magnetic 
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resonance (MR) brain imaging was conducted in all subjects; MPRAGE sequences were 

acquired on a 3T scanner (Trio, Siemens, Erlangen, Germany). 

MR/PET co-registration. PET and MR images were co-registered through manual 

translation and rotation of the PET image with subsequent visual inspection in three 

planes, as described in Adams et al. (Adams et al, 2004). Data analyses were carried out 

by the same person. 

Volumes of interest (VOIs) and partial volume correction. Based on the method by 

Svarer et al. (Svarer et al, 2005) a frontolimbic volume was automatically delineated on 

each individual’s transaxial MRI slices in a strictly user-independent fashion. This 

method utilizes a VOI probability map based on a template set of ten MRIs, where VOIs 

have been defined manually. The frontolimbic volume was the volume of interest based 

on our earlier findings of a coupling between neuroticism and frontolimbic 5-HT2A 

receptor binding in a large sample of healthy volunteers (Frokjaer et al, 2008). The 

frontolimbic volume included orbitofrontal, medial inferior frontal, superior frontal, 

anterior cingulate, posterior cingulate, hippocampus, and entorhinal cortices.  

To enable partial volume correction of the PET data, MRIs were segmented into 

gray matter, white matter, and cerebrospinal fluid tissue classes using Statistical 

Parametric Mapping (SPM2; Wellcome Department of Cognitive Neurology, London, 

UK). Partial volume correction was performed according to Müller-Gärtner et al (1992), 

as defined in Quarantelli et al (2004). 

Quantification of the 5-HT2A receptor binding. The outcome parameter was the 

binding potential of specific tracer binding (BPP). Cerebellum was used as a reference 
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region since it represents non–specific binding only (Pinborg et al, 2003). BPP is defined 

as follows: 

   BPP = (CVOI - CReference) / CPlasma = fp * (Bmax/Kd) (mL/mL) 

where CVOI and CReference are mean counts in steady state in the VOI and in the reference 

region, respectively, CPlasma is the steady state activity of non-metabolized tracer in 

plasma, fP is the free fraction of radiotracer, Bmax is the density of receptor sites available 

for tracer binding, and Kd is the affinity constant of the radiotracer to the receptor 

(Pinborg et al, 2003). The non-specific binding was calculated as the partial-volume 

corrected gray-matter cerebellar regional concentration (counts/(sec*mL)) normalized by 

the plasma concentration, CPlasma, (counts/(sec*mL)). 

[18F]altanserin gives rise to a radiolabelled metabolite that crosses the blood brain 

barrier, however, with the bolus-infusion study design the non-specific binding is 

subtracted and thus the BPP is independent of the metabolite fraction. 

 

Statistics. Group comparisons of clinical data were performed using unpaired t-tests. 

Differences in proportions were tested with Fischer’s Exact Test. Uncorrected p-values 

are reported. 

Main effects of neuroticism, risk, gender, smoking, symptom scores, and SLE on 

frontolimbic 5-HT2A receptor binding were tested by multiple linear regression analysis 

in a model adjusting for age and body mass index (BMI), known to influence 5-HT2A 

receptor binding (Erritzoe et al, 2009). 
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To explore whether the association between frontolimbic 5-HT2A receptor binding 

and neuroticism was strongest in the group at high familial risk, we tested the interaction 

between neuroticism and risk in a multiple linear regression analysis with frontolimbic 5-

HT2A receptor binding as the outcome parameter and age, BMI, neuroticism, risk-status, 

and “neuroticism by risk” as covariates. 

The effect of “zygosity by risk” was also tested assuming that a genetic effect 

would be most prominent in MZ high-risk subjects followed by DZ high-risk, and the 

low-risk subjects. Post hoc, the effect of “gender by risk” interaction was tested since 

some genetic risk factors are likely to be sex-specific in their effect (Kendler et al, 

2006a).  

Linearity of quantitative variables was confirmed by including second order terms 

in the models. Variance homogeneity and normality were assured by graphical 

evaluation. Model assumptions were met. 

P-values, as estimated by two sided tests, parameter estimates with standard errors 

(SE) and 95% confidence limits, and degrees of freedom (DF) are reported when 

appropriate. P-values < 0.05 were considered statistically significant. The analyses were 

performed in R 2.5.1 (http://www.R-project.org). 
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Results 

Group differences and main effects 

Demographical data and symptom scores for high- and low-risk individuals are given in 

Table 1. The only statistically significant difference between the total high- and low-risk 

groups was that the high-risk group smoked more (p=0.035). At the subgroup level, the 

low-risk group differed from the high-risk DZ group in proportion of smokers (p=0.038), 

and in cigarettes per day (p=0.008) only. Imaging outcomes are reported in Table 2. 

There were no significant group differences in frontolimbic BPP, non-specific binding, 

CPlasma or fp even at the un-corrected level. 

Neuroticism tended to correlate with frontolimbic 5-HT2A receptor binding in a 

simple model adjusting for age and BMI only (slope: 0.010, confidence limits: [-0.00013 

; 0.021] BPP per neuroticism unit, p=0.053). In this model, age had a significant negative 

(slope: -0.017, confidence limits: [-0.033 ; -0.0016] BPP per year, p=0.032), and BMI a 

positive (slope: 0.090, confidence limits: [0.025 ; 0.15] BPP per BMI unit, p=0.0080), 

effect on binding as expected (Erritzoe et al, 2009). We saw no main effects of familial 

risk, gender, smoking, symptom scores, or SLE on frontolimbic 5-HT2A receptor binding 

when adjusting for age and BMI (table 2). Further, we observed no effects of bi- versus 

uni-polar co-twin history, years passed from age of onset/diagnosis of co-twin, or age of 

onset/diagnosis of the co-twin (table 2). 

 

Effect of familial risk on the association between frontolimbic 5-HT2A receptor 

binding and neuroticism 
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As illustrated in figure 1, we saw an interaction between neuroticism and risk in the 

expected direction, that is, the association between neuroticism and frontolimbic 5-HT2A 

receptor binding was stronger in the high-risk group (difference in slopes: 0.023, 

confidence limits: [0.0030 ; 0.043] BPP per neuroticism unit, p=0.026, DF:31). Within the 

high-risk group, neuroticism and frontolimbic 5-HT2A receptor binding was positively 

associated (slope: 0.027, confidence limits: [0.0093 ; 0.044] BPP per neuroticism unit, 

p=0.0037), whereas, this association was not significant in the low-risk group (slope: 

0.0037, confidence limits: [-0.0080; 0.015] BPP per neuroticism unit, p=0.52), DF:31.  

When adding zygosity to the model, the 2 high-risk groups of increasing risk-load 

(high-risk DZ < high-risk MZ) showed the expected hierarchy in terms of increasing 

association between frontolimbic 5-HT2A and neuroticism (high-risk DZ: slope: 0.019, 

confidence limits: [-0.005; 0.042] BPP per neuroticism unit, p=0.12, and high-risk MZ: 

slope: 0.028, confidence limits [0.0007; 0.056] BPP per neuroticism unit, p=0.045, 

DF:28). This hierarchy represented a trend only, p=0.12. For comparison, the slope 

estimate for the low-risk group was closer to zero, Figure 2. 

The association between neuroticism and 5-HT2A receptor binding in the high-risk 

group was primarily driven by the constituent traits self-conscientiousness (p=0.005), 

anxiety (p=0.020), depression (p=0.025), and less convincingly by vulnerability (p=0.12), 

whereas little or no association was seen with impulsivity (p=0.24) or angry hostility 

(p=0.27), DF:17. 

 

Gender by risk interaction 
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In high-risk females, the association between frontolimbic 5-HT2A receptor binding and 

neuroticism was more pronounced than in the remaining group (difference in slope: 0.029 

BPP per neuroticism unit, confidence limits: [0.0061 ; 0.051], p=0.014, DF:31). Within 

the group of 13 high-risk females the effect of neuroticism on frontolimbic 5-HT2A 

receptor binding adjusted for age and BMI was 0.033 BPP per neuroticism unit, 

confidence limits: [0.013 ; 0.054], p=0.0021. 
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Discussion 

We have demonstrated that the association between frontolimbic 5-HT2A receptor binding 

and neuroticism, initially observed in healthy volunteers (Frokjaer et al, 2008), is 

stronger in individuals at high familial risk of developing mood disorders than in 

individuals at low risk. These results are consistent with the hypothesis that familial risk 

of developing mood disorders modifies the association between frontolimbic 5-HT2A 

receptor binding and neuroticism. Since the study design did not include both twins in a 

pair, a traditional analysis of the relative contribution from genetic versus shared early 

environmental factors could not be undertaken, but this was not the aim of the study. We 

did, however, see that the high-risk groups of increasing risk-load tended to show an 

increasing association between frontolimbic 5-HT2A and neuroticism suggesting that 

genetic risk factors play a role in modifying the association. 

The interaction between neuroticism and familial risk in predicting frontolimbic 

5-HT2A receptor binding may be genetically based, and/or be related to disturbances in 

serotonin homeostasis, and to increased stress reactivity which is possibly associated with 

both neuroticism (Portella et al, 2005) and familial risk of developing mood disorder 

(Mannie et al, 2007; Modell et al, 1998). Such relations may be established in early brain 

development (Gaspar et al, 2003). Chronic disturbances in serotonin homeostasis may 

affect 5-HT2A receptor levels; Increased synaptic serotonin is suggested to lead to 5-HT2A 

receptor down-regulation (Meyer et al, 2001; Gunther et al, 2008), whereas, low synaptic 

serotonin may up-regulate 5-HT2A receptor levels (Cahir et al, 2007; Heal et al, 1985). 

The latter could be linked to high risk of developing mood disorders. However, our data 

does not support that familial risk in itself is associated with increased frontolimbic 5-
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HT2A receptor binding, since we observed no differences in binding between the low-risk 

and the high-risk group. Also, there were no between group differences in non-specific 

binding, plasma concentration or free fraction of tracer indicating that such differences 

have not driven the study results. 

Stress responses may critically interfere with serotonergic neurotransmission and 

increased stress responsiveness is associated with an increased risk of developing a mood 

disorder. Animal studies support that chronic stress is associated with up-regulation of 

frontal 5-HT2A receptor binding particularly in vulnerable rat strains characterised by 

anxious (Berton et al, 1998) and depressive-like behaviours (Dwivedi et al, 2005). Also 

in organotypic hippocampal cultures chronic exposure (7 days) to corticosterone 

increased 5-HT2A protein levels (Trajkovska et al, 2009). Furthermore, several studies 

suggest a link between increased biological stress reactivity and the serotonergic 

transmitter system in terms of the low expressing polymorphism of the serotonin 

transporter promoter gene (Barr et al, 2004b; Gotlib et al, 2008), a gene that is also 

associated with an increased vulnerability to develop depression in response to life stress 

(Uher et al, 2008). Apart from genetic factors, stress reactivity also varies with 

environmental factors including early life stress (Kajantie, 2006; Talge et al, 2007) and 

emotional response tendencies (Mormede et al, 2002), e. g., personality, in humans 

(Portella et al, 2005). Therefore, interestingly, the stronger association between 

neuroticism and 5-HT2A receptor binding in individuals at high familial risk of 

developing mood disorders may reflect an increased sensitivity to environmental stress in 

those individuals. Since the level of neuroticism will shape a person’s perception of 

potential stressful experiences and as such modify the impact of environmental stress 
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(Jacobs et al, 2006), neuroticism and familial risk may interact in predicting 5-HT2A 

receptor binding. However, the explanation of possible mechanisms remains speculative. 

Unfortunately, we have no measures of physiological stress reactivity, e.g. waking 

cortisol. Thus, we cannot validate that the high-risk group had enhanced stress reactivity. 

Longitudinal studies with clinical follow-up of high risk individuals will be 

needed to explore whether the combination of high neuroticism and high frontolimbic 5-

HT2A receptor binding would predict later development of mood disorder. However, the 

involvement of 5-HT2A receptor binding in major depression has been explored in several 

cross-sectional postmortem (Stockmeier, 2003) and imaging studies (Attar-Levy et al, 

1999; Biver et al, 1997; Yatham et al, 2000; Messa et al, 2003) of which two studies took 

into account measures of negativistic thinking. A recent study by Bhagwagar et al. 

(Bhagwagar et al, 2006), in un-medicated, euthymic patients recovered from depression, 

support that a higher frontolimbic 5-HT2A receptor level may be a trait factor of the 

susceptibility to develop depression and correlate positively with measures of negativistic 

thinking. Also, Meyer et al. found that in currently depressed patients, cortical, 

predominantly frontal, 5-HT2 receptor binding was correlated to dysfunctional attitudes 

(pessimistic, negativistic thinking), whereas only the subgroup of patients with the most 

prominent negativistic thinking had a higher frontal 5-HT2 receptor binding than healthy 

controls (Meyer et al, 2003). As such, even in the depressed state, a positive association 

between negativistic thinking and frontal 5-HT2A receptor binding seems to exist. In none 

of these studies, however, was neuroticism directly taken into account. 

Neuroticism mean score and variance did not differ significantly between 

individuals at high versus low risk and hence, the stronger association in the high-risk 



 18

group is not driven by a larger variance in neuroticism score. This is in accordance with 

an analysis in a larger cohort of 211 healthy high-risk and low-risk individuals from the 

same study where no difference in neuroticism score could be identified when correcting 

for gender, minor psychopathology, and the effect of SLE (Vinberg et al, 2007). 

In the present study we also replicated the earlier observed association between 

neuroticism and frontolimbic 5-HT2A receptor binding (Frokjaer et al, 2008) this time, in 

an independent sample of 21 healthy individuals at high familial risk of developing mood 

disorders. As observed earlier, some constituent traits of neuroticism contribute more to 

the association. Whereas we did not see such a strong relationship with vulnerability, as 

previously (Frokjaer et al, 2008), a subset of the neuroticism traits consisting of the facets 

self-consciousness, depression, anxiety, and vulnerability contributed to the association in 

subjects at high familial risk. While these traits inherently reflect sensitivity to stress and 

trauma, the remaining two facets of neuroticism, angry hostility and impulsiveness, 

clearly reflect a disposition to more active reaction when faced with frustration 

(Skovdahl-Hansen, 2004). Interestingly, in this independent sample, we confirmed our 

previous finding that angry hostility and impulsiveness facets of neuroticism do not 

contribute to the correlation between high frontolimbic 5-HT2A receptor binding and 

neuroticism. Therefore, we speculate that angry hostility and impulsiveness may not 

significantly contribute to the personality related risk of developing depressive disorder 

and that the subset of neuroticism is a more sensitive risk marker.  

The frequency of current smokers was significantly higher in the high-risk group 

than in the low-risk group. This is well in line with the observation that people with 

current or past depression are more likely to have been smokers at some point in their 
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lives, and may even reflect common genetic factors between smoking addiction and risk 

of developing depression (Kendler et al, 1993b). Smoking inhibits degradation of 

serotonin by inhibiting the monoamine-oxidase-A and may therefore, potentially, lead to 

decreased frontal 5-HT2A receptor binding through adaptation to increased serotonin 

levels. However, such an effect was not observed in the present sample, Table 3, and has 

not been demonstrated in a large sample of healthy volunteers (Erritzoe et al, 2009). 

Therefore, we do not expect that this have biased our findings. Nevertheless, if 

significant, smoking in the high-risk group would bias the interaction between familial 

risk and neuroticism towards a negative correlation with 5-HT2A receptor binding, 

opposite our findings. 

 Even though gender does not significantly influence the 5-HT2A receptor binding, 

we observed a “gender by risk” interaction suggesting a gender-related effect of familial 

risk factors on the association between frontolimbic 5-HT2A receptor binding and 

neuroticism. However, as this study was not designed to detect gender by risk 

interactions this finding will need to be replicated in a more focused design. If sustained, 

this may reflect gender-specific differences in genetic vulnerability to environmental 

stress (Barr et al, 2004a; Brummett et al, 2007). 

 

Methodological considerations 

Our results should be interpreted in the context of some potentially significant 

methodological considerations. 

Firstly, the high-risk group consisted of subjects with variable risk-load and 

several aspects potentially contributed to reduce the risk:  
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a. A tendency towards a late age of onset of the affected co-twin; The average age of 

diagnosis of the co-twin was 32.2 ± 8.8 years, with 3 affected co-twins being older than 

40 years (43, 47, 54). The typical age of onset for bipolar disorder is 18 years (Pini et al, 

2005) and for major depression it is 30 years (Hasin et al, 2005). 

b. A large variation in the period of time between inclusion in our study and onset of the 

co-twin’s mood disorder; The mean symptom free interval was 7.0±7.6 years, but for 3 

subjects more than 10 years passed from the age of onset of the co-twin (10, 20, and 34 

years). These subjects, despite their predisposition, did not develop mood disorders for a 

long time and may therefore be protected. 

c. Subjects volunteering for an extensive investigation program, including a PET-

study, would possibly tend to be more vigorous. However, they are not expected to differ 

with regard to neuroticism score (Frokjaer et al, 2008). 

Consequently, had the group been more selected towards high risk, it is possible 

that an even stronger association between frontolimbic 5-HT2A receptor binding and 

neuroticism would have been present. 

Secondly, high-risk subjects with unipolar and bipolar predisposition were pooled 

(17 unipolar and 4 bipolar). It is possible that unipolar and bipolar disorder constitute a 

continuous spectrum, rather than being categorically distinct (Akiskal and Benazzi, 

2006). More importantly, keeping our main goal, to identify high-risk individuals, in 

mind, there is no difference in the frequency of unipolar depression in relatives of 

unipolars and bipolars (Kutcher and Marton, 1991). 

Thirdly, we studied twins and, thus, the outcome may not be representative of 

singletons. However, several studies support that both monozygotic and dizygotic twins 



 21

resemble the background population in their risk for mood disorders (Kendler et al, 

1996). 

Finally, the post hoc analyses on effect of zygosity in the high-risk group and 

gender by risk effect on the association between neuroticism and frontolimbic 5-HT2A 

receptor binding represent trends only. The generated hypotheses need to be confirmed in 

future studies. 

 

In conclusion, our data suggest that familial risk of developing mood disorders modifies 

the positive association between frontolimbic 5-HT2A receptor binding and neuroticism. 

The stronger association between neuroticism and frontolimbic 5-HT2A receptor binding 

in individuals at high familial risk may reflect an increased stress reactivity that enhances 

the effect of neuroticism in shaping the impact of potential environmental stress and 

thereby influences serotonergic neurotransmission. 
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Table 1. Comparison of clinical data  

 

BDI depression: Becks Depression Inventory, depression symptoms component (21 items). BDI anxiety: 

anxiety component (14 items). Hamilton: Hamilton Depression rating Scale score of depressive symptoms 

(17 items). SLE: the fraction of participants experiencing 3 or more stress-full life events within the last 12 

months. Neuroticism: score from 240-item NEO-PI-R, Danish version. Body mass index= weight/ height2 

(kg/m2). Smoking: proportion of smokers. Years without diagnosis: number of years passed from age of 

onset of mood disorder of co-twin and the PET-scan. MZ: monozygotic, DZ: dizygotic. NA: not applicable. 

Statistics: For the total high-risk and low-risk groups differences in numerical variables were tested by 

unpaired t-tests, differences in proportions by Fischer’s exact test. P-values are reported with no corrections 

for multiple comparisons. Data for the high-risk subgroups are included for descriptive purposes.  

 Total groups   Sub-groups  

 
 

High-risk 
N=21 

Low-risk 
N=16 

p-value 
 

High-risk MZ 
N=9 

High-risk DZ 
N=12 

Age (years) 39.3±11.9 38.6±12.0 p=0.95 41.3±12.1 38.0±12.1 

Gender (% women) 62% 75% p=0.49 78% 50% 

Smoking (% smokers) 48% 12% p=0.035 33% 58% 

Cigarettes per day 6.9±8.0 1.2±3.2 p=0.013 4.4±6.8 8.8±8.6 

Alcohol (units/week) 7.1±8.0 3.6±2.9 p=0.11 5.6±5.9 8.3±9.5 

Body mass index 23.9±3.1 25.4±3.1 p=0.15 24.4±3.2 23.4±3.0 

Education years 12.7±2.8 13.8±2.6 p=0.27 12.9±2.2 12.6±3.3 

Hamilton 
 

2.7±1.3 2.3±1.4 p=0.34 2.3±1.0 3.0±1.5 

BDI depression 
 

2.2±2.5 1.3±1.3 p=0.17 1.7±1.7 2.7±2.9 

BDI anxiety 
 

0.9±1.4 1.2±1.5 p=0.55 0.67±1.0 1.1±1.7 

Neuroticism 71±14 68±25 p=0.67 76±13 68±14 

SLE, 3 or more 40% 27% p=0.49 44% 33% 

Twin age of onset 32.2±8.8 NA NA 33.3±8.0 31.6±9.6 

Years without diagnosis  7.0±7.6 NA NA 7.7±10.3 6.4±5.2 
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Table 2. Comparison of imaging outcome parameters 

 

Abbreviations: BPP, binding potential of specific [18F]altanserin binding. Cplasma, steady state activity of 

non-metabolized [18F]altanserin in plasma. fp, free (non-protein bound) fraction of [18F]altanserin in 

plasma. MZ, monozygotic. DZ, dizygotic. Non-specific binding is the volume-weighted average partial 

volume corrected counts per second in the cerebellum gray-matter divided by Cplasma. Statistics: For the 

total high-risk and low-risk groups differences in numerical variables were tested by unpaired t-tests. Data 

for the high-risk subgroups are included for descriptive purposes. 

 Total groups   
Sub-groups  

 
 

High-risk 
N=21 

Low-risk 
N=16 

p-value 
 

High-risk MZ, 
N=9 

High-risk DZ 
N=12 

Frontolimbic  BPP 
(unitless) 

2.56±0.64 2.76±0.48 p=0.32 2.86±0.61 2.34±0.60 

Non-specific binding 
(unitless) 

1.97±0.53 2.10±0.67 p=0.52 2.16±0.65 1.83±0.39 

C plasma 
kBq/mL 

1.92±0.51 2.02±0.38 p=0.50 1.88±0.52 1.95±0.52 

fp 
% 

0.31±0.16 0.36±0.13 p=0.38 0.26±0.15 0.35±0.16 
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Table 3. Main effects of clinical variables on frontolimbic 5-HT2A receptor binding 

in a model adjusting for age and BMI 

Variable Estimate SE 95% Confidence limits p-value DF 

Gender 0.13 0.20 (-0.26 ; 0.53) p=0.50 33 

Smoking 0.036 0.20 (-0.37 ; 0.44) p=0.86 33 

Cigarettes per day 0.0005 0.014 (-0.027 ; 0.091) p=0.97 33 

BDI_depression 0.0035 0.048 (-0.095 ; 0.10) p=0.94 31 

BDI_anxiety 0.017 0.069 (-0.12 ; 0.16) p=0.81 31 

Hamilton -0.047 0.073 (-0.20 ; 0.10) p=0.52 32 

SLE-3or more -0.28 0.21 (-0.70 ; 0.14) p=0.18 31 

Neuroticism 0.010 0.0052 (-0.00013 ; 0.021) p=0.053 33 

Risk-status -0.014 0.19 (-0.53 ; 0.25) p=0.46 33 

Bi or unipolar 0.0062 0.37 (-0.78 ; 0.79) p=0.99 17 

Age of onset -0.0060 0.027 (-0.063 ; 0.051) p=0.83 17 

“Years passed” 0.0060 0.027 (-0.051 ; 0.063) p=0.83 17 

Gender: women>men. Smoking: smoker>non-smoker. SLE_3or more: 3 or more>0,1,2 SLE. Risk-status: 

high-risk>low-risk. The effects of diagnoses, age of onset and “years passed” concern the high-risk group 

only. Bi or unipolar diagnoses of co-twin: diagnosis at first admission. Age of onset: age of first diagnosis. 

Years passed: number of years passed since age of onset of mood disorder of co-twin to PET-scan. DF: 

degrees of freedom. 
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Titles and legends to figures 

 

Figure 1. Effect of familial risk on the association between frontolimbic 5-HT2A 

receptor BPP and neuroticism, adjusted for BMI and age. In the high-end of the 

neuroticism scale, the high-risk group showed an elevated BPP, whereas, in the low-end 

they showed a decreased BPP as compared to the low-risk group. This reflects the 

stronger association between neuroticism and frontolimbic 5-HT2A receptor binding in 

individuals at high familial risk of developing mood disorders (p=0.026). The high-risk 

group showed a significant positive association between neuroticism and frontolimbic 5-

HT2A receptor binding, whereas the low-risk group did not. Please see text for estimates. 

Point-wise 95% symmetric confidence bands of the regression lines are displayed. 

The regression lines represent the associations given a mean BMI and mean age.  

 

Figure 2. Effect of zygosity and familial risk on the association between frontolimbic 

5-HT2A receptor binding and neuroticism, adjusting for BMI and age. Genetic risk-

load: (low-risk DZ and MZ < high-risk DZ < high-risk MZ). The high-risk MZ group 

show the strongest association followed by the high-risk DZ group, and the low-risk 

group. However, the differences in slopes between groups represented a trend only 

(p=0.12). 
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