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Abstract 

Animal studies have suggested that dopamine and opioid neurotransmitter systems interact 

in brain regions that are relevant for reward functions, but data in humans are very limited. 

The interaction is potentially important in disorders affecting these neurotransmitter 

systems, such as addiction. Here, we investigated whether subcortical µ-opioid receptor 

(MOR) availability and presynaptic dopamine synthesis capacity are correlated in the 

healthy human brain or in pathological gamblers (PGs) using positron emission tomography 

with 6-[18F]fluoro-L-dopa and [11C]carfentanil. The specificity of the findings was further 

investigated by including a serotonin transporter ligand, [11C]MADAM, as a negative control. 

Thirteen PG patients and 15 age-, sex- and weight-matched controls underwent the scans. 

In both groups, presynaptic dopamine synthesis capacity was associated with MOR 

availability in the putamen, caudate nucleus and globus pallidus. No similar associations 

were observed between dopamine synthesis capacity and [11C]MADAM binding, supporting 

a specific interplay between presynaptic dopamine neurotransmission and opioid receptor 

function in the basal ganglia. Correlations were similar between the groups, suggesting that 

the dopamine-opioid link is general and unaffected by behavioral addiction. The results 

provide in vivo human evidence of a connection between endogenous opioid and dopamine 

signaling in the brain. 
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1. Introduction 

Dopamine and opioid systems both play key roles in the brain reward system (Noble et al., 

2015; Volkow et al., 2011). Dopamine is known to be involved in reward anticipation and 

prediction error signaling, and it is released in the nucleus accumbens after administration 

of several drugs of abuse (Schultz, 2002; Volkow et al., 2011). The brain opioid system is 

involved in hedonic processes, and it regulates both reward and loss responses (Laurent et 

al., 2015; Petrovic et al., 2008). Altered brain dopamine and opioid function have been 

suggested to play a critical role in pathological gambling (PG), a form of behavioral addiction 

(Boileau et al., 2014; Clark, 2014; Joutsa et al., 2012; Mick et al., 2016; van Holst et al., 

2018). In addition, opioid antagonist medications have shown some efficacy in the treatment 

of PG (Bullock and Potenza, 2012). Although dopamine and opioid systems are both 

important for reward functions, it is unclear whether they act independently or if the two 

systems are modulated by each other. From a therapeutic point of view, the possible 

connection between dopamine and opioid systems in addictions is important since indirect 

pharmacological modulation of dopamine neurotransmission using drugs targeting the 

opioid system may provide a potentially effective treatment for addictions without the marked 

side effects associated with dopamine antagonists (Noble et al., 2015; Potenza et al., 2011). 

 

In animals, opioidergic drugs have been shown to increase dopaminergic output in the 

ventral tegmental area (VTA) by µ-opioid receptor (MOR)-mediated hyperpolarization of the 

inhibitory gamma-aminobutyric acid (GABA) cells (Jalabert et al., 2011; Johnson and North, 

1992; Madhavan et al., 2010; Spanagel et al., 1992). Similarly, human neuroimaging studies 

have shown that pharmacological modification of brain opioid function leads to changes in 

striatal postsynaptic dopamine D2 receptor affinity, which has been speculated to reflect 

changes in synaptic dopamine levels (Hagelberg et al., 2002; Spreckelmeyer et al., 2011). 
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However, there are also negative results (Wang et al., 1997a), and pharmacological 

treatment of addictions using medication targeting the opioid system has been shown to 

result in no changes in dopamine receptor binding as measured with [11C]raclopride positron 

emission tomography (PET) (Daglish et al., 2008; Wang et al., 1997a; Watson et al., 2014). 

Furthermore, [11C]raclopride binding can reflect either synaptic dopamine levels or D2 

receptor availability/affinity, leaving the nature of the opioid-dopamine interaction unclear. 

Animal studies have suggested that dopaminergic stimulation leads to opioid release (Olive 

et al., 2001; Soderman and Unterwald, 2009) but the data in humans has remained 

somewhat inconclusive (Colasanti et al., 2012; Guterstam et al., 2013). A recent PET study 

showed a correlation between MOR availability and postsynaptic dopamine D2 receptor 

availability in the ventral striatum (VST) and dorsal caudate nucleus in healthy controls, 

suggesting that the MOR system is linked to postsynaptic dopamine D2 receptors 

(Tuominen et al., 2015). In summary, previous studies investigating the opioid-dopamine 

interaction have focused on postsynaptic dopamine receptor binding as an indicator of 

dopaminergic function, and the results are somewhat mixed, not allowing for definitive 

conclusions about the mechanisms of the dopamine-opioid interaction. 

 

Given the lack of data on the interaction between striatal presynaptic dopamine and opioid 

neurotransmission and their critical role in addiction, we aimed to investigate relationships 

between presynaptic dopamine function and opioid neurotransmission with PET. We 

hypothesized that striatal dopamine synthesis capacity, as measured with 6-[18F]fluoro-L-

dopa ([18F]fluorodopa) PET, would correlate with MOR binding, as measured with 

[11C]carfentanil PET. As serotonin transporter (SERT) should not be expressed in 

dopaminergic neurons, [11C]MADAM binding was included as a negative control (Amara and 

Kuhar, 1993; Glatt and Reus, 2003; Rothman and Baumann, 2003). To investigate these 
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associations in the context of addiction, we studied the same connections in a separate 

sample of individuals with pathological gambling, a form of behavioral addiction without 

confounding effects of long-term substance use.  
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2. Methods  

This study was conducted in accordance with the Declaration of Helsinki. The study was 

approved by the local Ethics Committee. All subjects signed written informed consent prior 

to participation. 

 

2.1. Subjects 

The demographic data of the studied subjects are presented in Table 1. The subjects in this 

study were derived from our previous studies that investigated dopamine, opioid and 

serotonin function in behavioral addictions (Majuri et al., 2017a; Majuri et al., 2017b). The 

groups did not differ in terms of age, sex, body mass index or alcohol consumption, but 

differences were observed in smoking (p=0.067) and depression scores (p<0.001) (Table 

1). Fifteen healthy controls (HCs) and 13 PG patients successfully completed both 

[18F]fluorodopa and [11C]carfentanil PET imaging and were included in this study. One 

included PG patient lacked [11C]MADAM data. The main exclusion criteria included any 

clinically significant somatic or psychiatric disorder (apart from PG), any drug addiction or 

abuse, current pregnancy and prior PET imaging. None of the included subjects used 

medications known to affect to dopaminergic, opioidergic or serotonergic 

neurotransmission.  

 

2.2. Radiochemistry and imaging 

The production procedures for the tracers used have been described in detail previously 

(Forsback et al., 2009; Halldin et al., 2005; Hirvonen et al., 2009). The radioligand production 

followed the EU Good Manufacturing Practice regulations at the Turku PET Centre. The 

radiochemical purity exceeded 95% in all production runs.  
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The PET scans were performed using a high-resolution research tomograph PET scanner 

(HRRT, Siemens Medical Solutions, Knoxville), TN, USA) in 3D mode with scatter 

correction. A transmission scan was performed before each dynamic scan using 137Cs 

rotating point source. All three PET scans were performed during the same day at fixed 

intervals. An individually shaped thermoplastic mask was used to minimize head 

movements during scanning, and head movements were also followed using a stereotaxic 

infrared camera (Polaris Vicra, Northern Digital, Waterloo, Canada). Two PG patients used 

a Velcro strap instead because they did not tolerate the thermoplastic mask. For structural 

reference, 3D T1-weighted MRI scans were obtained using a 3T PET-MRI scanner Philips 

Ingenuity (Philips Healthcare, Cleveland, OH, USA) with a 34-channel receiving head coil 

and a sagittal TFE sense pulse sequence (TR 8.1 ms, TE 3.7 ms, flip angle 7°, matrix 256 

× 256, 176 slices, 1x1x1 mm voxels). 

 

 

2.3. Preprocessing 

Preprocessing of the images was performed using SPM8 software running on MATLAB 

R2012a (MathWorks, Natick, MA, USA). Individual PET frames were realigned using a 

mutual information algorithm to estimate and compensate for head movement during the 

PET data acquisition. Based on Polaris Vicra infrared camera data, two [18F]fluorodopa 

scans, three [11C]carfentanil scans and four [11C]MADAM scans showed excessive intra-

frame head movements, and individual multiple-acquisition frame reconstructions were 

made for these nine scans. The core of individual reconstructions was that the PET list mode 

data were divided to new subframes using a maximum amplitude of 2.5 mm as a threshold 

(Johansson et al., 2016). Realigned PET images were coregistered with individual T1-

weighted MR images. Regions-of-interest (ROIs) were determined using automated 
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parcellation by FreeSurfer software (version 5.3.0, http://surfer.nmr.mgh.harvard.edu/) 

(Desikan et al., 2006; Fischl et al., 2002) and used to calculate average time-activity curves 

of all voxels within each ROI. A Patlak plot was used to calculate [18F]fluorodopa influx 

constant rates (Ki), and a simplified reference tissue model (SRTM) was used to calculate 

the ratios specifically relative to the non-displaceable binding (BPND) with [11C]carfentanil 

and [11C]MADAM (Gunn et al., 1997; Patlak and Blasberg, 1985). The occipital cortex was 

designated as the reference region for [18F]fluorodopa and [11C]carfentanil, and the 

cerebellar cortex was designated for [11C]MADAM. The calculated parametric BPND and Ki 

images were first warped to the Montreal Neurological Institute standard space (MNI152) 

using the DARTEL normalization algorithm (Ashburner, 2007) and then smoothed with a 

Gaussian kernel of 8 mm at full-width and half-maximum to improve the signal-to-noise ratio.  

 

2.4. Statistics 

Statistical analyses were performed using both ROI-based methods and voxel-by-voxel 

approach. ROI analyses were run using SPSS (IBM SPSS Statistics, version 22, Armonk, 

NY, USA). Because of a suboptimal signal-to-noise ratio and reliability of [18F]fluorodopa in 

cortical regions (Martin et al., 1989), the analyses were restricted to the amygdala, caudate 

nucleus, globus pallidus, hippocampus, nucleus accumbens, putamen, and thalamus. The 

primary analysis followed the general linear model (GLM) using [18F]fluorodopa Ki as a 

dependent variable and [11C]carfentanil and group as independent variables. The 

assumptions for GLM were verified by using Levene’s test and visual inspection of the 

variables and model residual distributions. It should be noted that Levene’s test was 

significant in the putamen (p=0.03) and caudate (p=0.04). The robustness of the 

associations between regional [18F]fluorodopa and [11C]carfentanil uptake were verified in 

each group separately by using Spearman’s rank order correlation coefficients. In the ROI 
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analyses, Bonferroni correction was applied to account for multiple comparisons due to 7 

analyzed ROIs. The analyses were replicated using Beck Depression Inventory (BDI) score 

and smoking status as covariates. P-values less than 0.05 were considered significant. 

Similarly, the association of [18F]fluorodopa with [11C]MADAM was analyzed using GLM and 

in the groups separately using Spearman’s rank order correlation coefficients.  

 

To confirm the ROI-based results, analogous voxel-by-voxel analyses were conducted using 

VoxelStats MATLAB package (Mathotaarachchi et al., 2016) running on MATLAB R2016a 

(MathWorks, Natick, MA, USA). This program enables voxel-wise general linear model 

calculations with multiple volumetric imaging modalities and correction for multiple 

comparisons based on random field theory (RFT). Voxel-by-voxel –analysis was conducted 

with a mask, which was created using the Human Atlas AAL library in WFU Pick Atlas 

toolbox (Maldjian et al., 2003). The mask included the basal ganglia, thalamus, amygdala 

and hippocampus, and all brain regions with [18F]fluorodopa Ki ≥ 0.005. In the voxel-by-voxel 

analyses, the association of [18F]fluorodopa Ki to [11C]carfentanil BPND values and group 

effects within each voxel included in the mask were investigated using GLM. Family-wise 

error-corrected p values less than 0.05 with a cluster-forming threshold of p < 0.001 were 

considered significant, as suggested in the original publication of the software package 

(Mathotaarachchi et al., 2016).   
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3. Results 

There was no significant interaction between group and [11C]carfentanil BPND or a group 

effect on [18F]fluorodopa Ki. However, [18F]fluorodopa Ki was associated with [11C]carfentanil 

BPND in the caudate nucleus (p=0.002, Bonferroni-corrected p=0.013), putamen (p=0.001, 

Bonferroni-corrected p=0.005) and globus pallidus (p<0.001, Bonferroni-corrected 

p=0.002). When the groups were investigated separately, [18F]fluorodopa Ki and 

[11C]carfentanil BPND correlated in the globus pallidus, putamen and caudate nucleus in the 

HC group (Table 2, Figure 1). In PG patients, similar correlations were observed in the 

globus pallidus and putamen (Table 2, Figure 1). After Bonferroni correction across the 

whole sample, Spearman correlation coefficients remained significant in the globus pallidus 

and putamen (Table 2). Significant correlations between [18F]fluorodopa Ki and 

[11C]carfentanil BPND remained in the caudate nucleus (p=0.007, Bonferroni-corrected 

p=0.022), putamen (p=0.004, Bonferroni-corrected p=0.011) and globus pallidus (p<0.001, 

Bonferroni-corrected p=0.001) when smoking status was added as a covariate. In addition, 

BDI score as a covariate did not change the results (caudate nucleus p=0.003, Bonferroni-

corrected p=0.010, putamen p=0.003, Bonferroni-corrected p=0.008 and globus pallidus 

p<0.001, Bonferroni-corrected p=0.001). As expected, no correlations between 

[18F]fluorodopa Ki and [11C]MADAM BPND were found in any of the studied ROIs. In parallel 

to the ROI results, voxel-wise analyses showed no significant group x [11C]carfentanil BPND 

interaction or group effect, but [18F]fluorodopa Ki was associated with [11C]carfentanil BPND 

bilaterally in the caudate nucleus (cluster size 8.16 cm3, peak voxel at 9, 13.5, 15 mm, 

Tmax=7.79) and in the left putamen (cluster size 0.45 cm3, peak voxel at -31.5, -3, 7.5 mm, 

Tmax=4.61) (Figure 2).  
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4. Discussion 

This study shows that presynaptic dopamine synthesis capacity is correlated with MOR 

binding in the basal ganglia in the living human brain. Associations between dopamine and 

opioid systems were detected in both healthy individuals and patients with pathological 

gambling, indicating a general neurobiological phenomenon that is unaffected by behavioral 

addiction. Furthermore, the lack of correlations between presynaptic dopamine synthesis 

capacity and the serotonin transporter ligand [11C]MADAM underscores the specificity of the 

dopamine-opioid interaction.  

 

Notably, the association between dopamine and opioid function was not uniform across all 

basal ganglia structures. Our results corroborate the findings by Tuominen et al. (2015) that 

demonstrated a regionally selective correlation in the ventral striatum and caudate nucleus 

with MOR and postsynaptic dopamine D2 receptor binding. This regional selectivity may be 

caused by specific functions of the direct and indirect pathways in regulating dopaminergic 

neurotransmission. A group of medium spiny neurons in the striatum express dopamine D1 

receptors, and these neurons have been considered as direct pathway neurons, projecting 

to the globus pallidus interna and the pars reticulata of the substantia nigra, whereas D2 

receptor-expressing cells are considered to be part of the indirect striatal pathway, sending 

fibers to the globus pallidus externa and the subthalamic nucleus (Gerfen et al., 1990; Yager 

et al., 2015). Previously, dopamine D2 receptors and postsynaptic MORs have been shown 

to exist at the same dopaminergic cells, and MOR-expressing dendritic spines receive 

convergent inputs from dopaminergic terminals forming asymmetric excitatory synapses 

(Ambrose et al., 2004; Wang et al., 1997b). Additionally, MOR-rich striatal areas have 

previously been shown to receive dopaminergic afferents from the substantia nigra (Gerfen 

et al., 1987), and the MOR distribution and amount of binding sites in the striatum are linked 
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to striatal dopamine afferents (Caboche et al., 1991). Thus, as the correlation of postsynaptic 

MOR availability with presynaptic dopamine function was limited to the same striatal regions, 

the opioid-dopamine interaction observed in this study may reflect the indirect pathway. This 

is supported by a recent study showing positive correlation of dopamine synthesis capacity 

with D2 receptor binding but not with dopamine release in the striatum (Berry et al., 2018). 

However, the pre- and postsynaptic distribution of MORs appears more complex. 

[11C]Carfentanil uptake is partly affected by presynaptic binding in nerve terminals, and thus, 

the binding does not only reflect postsynaptic tracer binding (Arvidsson et al., 1995; Gracy 

et al., 1997; Henderson, 2015). Presynaptic MORs may mediate synaptic transmission 

either by inhibiting or activating neural activity. For example, in the nucleus accumbens, 

presynaptic MOR activation seems to lead to a reduction in NMDA, an excitatory glutamate 

receptor, signaling (Martin et al., 1997). Additional variability comes from the fact that 

[11C]carfentanil BPND can be affected by both MOR availability/affinity and synaptic opioid 

release. 

 

In investigations of brain reward functions, pathological gambling serves as an interesting 

and unique model, allowing for the examination of brain neurotransmission in addiction 

without the confounding pharmacological effects of drugs. Previously, as in substance use 

disorders, altered mesolimbic dopamine release has been suggested to play a critical role 

in PG (Clark, 2014), but pharmacological interventions targeting the dopamine system have 

mostly failed (Bullock and Potenza, 2012). However, opioid antagonists have shown some 

efficacy in the treatment of pathological gambling (Bullock and Potenza, 2012). Our results 

demonstrate that the dopamine-opioid interaction in the striatum remains intact in PG, which 

may be a prerequisite for the modulation of the mesolimbic dopamine system by opioidergic 



 13 

pharmacotherapies. Expanding this work to the dopamine-opioid association in substance 

addictions would be an interesting area of research in the future. 

 

In addition to dopamine and opioid neurotransmitter systems, there is also evidence of the 

role of serotonin in reward processing (Daw et al., 2002; Kranz et al., 2010). Preclinical 

studies have reported direct serotonergic synapsing from dorsal raphe nuclei to VTA 

dopaminergic cells (Hervé et al., 1987; Van Bockstaele et al., 1994). However, recent animal 

studies have shown that the majority of the connections between raphe nuclei and VTA, 

which participate to reward processing, are not serotonergic as assumed, but these 

connections seem to be mostly glutaminergic, and serotonin acts if co-released with 

glutamate (Liu et al., 2014; McDevitt et al., 2014; Qi et al., 2014). Further, monoaminergic 

cells express only their corresponding transporter (Amara and Kuhar, 1993; Glatt and Reus, 

2003; Rothman and Baumann, 2003) which can, however, transfer other monoamines into 

the cell if the corresponding transporters are damaged (Yamada et al., 2007; Zhou et al., 

2002). Thus, although there is interplay between the serotonin and dopamine systems, we 

assumed that the regional dopamine synthesis rate would not correlate with SERT density, 

which was confirmed by our analyses. The association of [18F]fluorodopa Ki and 

[11C]carfentanil BPND therefore likely reflects a true association between these 

neurotransmitter systems and is not caused by general factors that could increase or 

decrease uptake/binding of all the tracers. 

 

In our previous studies, we have reported group differences using [18F]fluorodopa, 

[11C]carfentanil and [11C]MADAM in the same HC and PG subjects analyzed in the present 

study. There were no differences in presynaptic dopamine synthesis rates or MOR and 

SERT availabilities between the PG and HC groups. However, patients with binge eating 
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disorder (BED), another behavioral addiction, showed significant decreases in 

[18F]fluorodopa and [11C]carfentanil binding along with regionally altered [11C]MADAM 

binding (Majuri et al., 2017a; Majuri et al., 2017b). In the present study, we focused on 

associations between dopamine synthesis capacity and MOR availability while using SERT 

binding as a control but decided to not include BED patients because of the small number 

of BED patients available for correlation analyses (n=7). It should be noted that, apart from 

the dopamine-producing neurons, [18F]fluorodopa may be converted to dopamine in other 

monoaminergic neurons as well, and thus part of the signal may stem from other monoamine 

systems in brain regions with low density of dopamine neurons (Brown et al., 1999). 

However, in the dopamine-rich striatum, the signal can be considered to be mostly 

dopaminergic (Lloyd and Hornykiewicz, 1970; Martin et al., 1989).  

 

The present study has its strengths and weaknesses. As strengths, we used a PET scanner 

with high spatial resolution, our findings were derived from 83 brain PET scans and were 

consistent in two independent groups, and voxel-based analyses confirmed the ROI findings 

in the striatum. Furthermore, the correlations were not driven by confounding factors, such 

as smoking or depression, and no association between [18F]fluorodopa Ki and [11C]MADAM 

BPND were found, which underscores the specificity of the findings. However, it should be 

noted that only baseline neurotransmitter activity at rest was measured, not possible 

stimulus-dependent dynamic changes in the synaptic neurotransmitter levels or receptor 

availability. Second, voxel-based methods could not confirm the correlation between 

[18F]fluorodopa and [11C]carfentanil in one region, the globus pallidus. This could be due to 

the spatial smoothing and increased signal-to-noise ratio, as the size of the globus pallidus 

is relatively small when compared to the striatum. Additionally, after a conservative 

Bonferroni correction, ROI-based caudate nucleus correlation coefficients were not 
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significant although significant in the voxel-wise analysis. Third, even though our sample 

size with 83 PET scans can be considered to be relatively large in the PET imaging field, it 

should be noted that a sample size of this magnitude can overestimate true values of 

correlation coefficients, which need greater samples to stabilize (Schönbrodt and Perugini, 

2013). Although the present results should therefore be replicated in larger samples of 

individuals, the results are supported by preclinical studies showing the co-existence of 

dopamine and opioid receptors in the striatum. Animal studies have shown the innervation 

of dopaminergic afferents to the MOR-rich striatal patch regions and that the dopamine 

afferents are linked to the MOR expression and distribution (Caboche et al., 1991; Gerfen 

et al., 1987). Furthermore, dopamine D2 receptors and MORs have been found in the same 

striatal cells (Ambrose et al., 2004; Wang et al., 1997b). Thus, even though the sample size 

is not ideal for the correlational method, the dopamine-opioid correlation seems robust in 

relation to the preclinical data. 

  

In conclusion, we have shown novel intraregional correlations between µ-opioid receptor 

availability and presynaptic dopamine synthesis rate in the human striatum and globus 

pallidus. Our results highlight that the opioid and dopamine neurotransmitter systems are 

tightly connected in certain subcortical brain regions. The correlations were unaffected by 

behavioral addiction, but further multi-tracer studies, particularly in patients with substance 

addictions, are warranted.  
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Figure Legends 

 

Figure 1. Scatter plots for correlations between [18F]fluorodopa uptake and [11C]carfentanil 

binding in a priori defined anatomical ROIs: (A) the globus pallidus, (B) caudate nucleus and 

(C) putamen. [11C]carfentanil BPND and [18F]fluorodopa Ki values result from ROI-based 

analyses. Solid circles = PG patients, open circles = healthy controls.   

 

 

Figure 2. Significant clusters from the voxel-by-voxel analysis for the association between 

[18F]fluorodopa and [11C]carfentanil. Only significant clusters with family-wise error-

corrected p values less than 0.05 with a cluster-forming threshold of p < 0.001 are shown. 
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Tables 

 

Table 1. Demographic characteristics from the studied sample. Values are means (SD) or 

n (%). P-values are from independent samples t-tests or Fisher Exact tests. 

 

 Healthy controls Pathological gamblers p 

N 15 13  

Age 42.1 (11.1) 42.1 (12.2) 0.99 

Sex (m/f) 7/8  7/6 1.0 

Smoking (y/n) 6/9 10/3 0.067 

BMI 24.7 (2.0) 25.0 (3.9) 0.81 

AUDIT 5.6 (3.9) 6.1 (4.3) 0.75 

BDI 2.7 (3.2) 4.5 (8.0) <0.001 

SOGS 0.07 (0.26) 13.5 (2.2) <0.001 

PG DSM-IV points 0.07 (0.26) 7.6 (1.3) <0.001 

BMI = body mass index, AUDIT = Alcohol Use Disorders Identification Test, BDI = Beck 

Depression Inventory, SOGS = South Oaks Gambling Screen, DSM-IV = DSM-IV diagnostic 

criteria for pathological gambling  
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Table 2. Intraregional correlations between [18F]fluorodopa Ki and [11C]carfentanil BPND.  

 Healthy controls Pathological 

gamblers 

All subjects (N=28) 

Region of 

interest 

Spearman 

r 

p Spearman 

r 

p Spearman 

r 

p Bonferroni 

corrected p 

Putamen 0.705 0.003 0.591 0.033 0.556 0.002 0.015 

Caudate 

nucleus 

0.580 0.024 0.267 0.38 0.461 0.014 0.095 

Globus 

pallidus 

0.550 0.034 0.715 0.006 0.610 0.001 0.004 

Nucleus 

accumbens  

0.355 0.19 0.011 0.97 0.107 0.59  

Amygdala 0.232 0.41 0.055 0.86 0.137 0.49  

Thalamus 0.114 0.69 0.544 0.055 0.323 0.094  

Hippocampus –0.145 0.61 0.308 0.31 0.031 0.88  

 

 


