
Eating behavior and central opioid and cannabinoid receptors	 T. Kantonen et al.	

	
1	

Supplementary Material to 

Cerebral µ-opioid and CB1-receptor systems have distinct roles in 

human feeding behavior 

Tatu Kantonen1,2, MD, Tomi Karjalainen1, DSc (Tech), Laura Pekkarinen1,3, MD, Janne Isojärvi1, 

MSc, Kari Kalliokoski1, PhD, Valtteri Kaasinen1,2, MD, PhD, Jussi Hirvonen1, MD, PhD, Pirjo 

Nuutila1,3, MD, PhD, and Lauri Nummenmaa1,4, PhD 

 

1Turku PET Centre, University of Turku, Finland 

2Clinical Neurosciences, Turku University Hospital, Finland 

3Department of Endocrinology, Turku University Hospital, Finland 

4Department of Psychology, University of Turku, Finland 

 

Supplementary Material 

i. PET scanners and smoking status 

ii. Descriptive correlations of the sample 

iii. Table of the p-values for descriptive correlations 

iv. Association between External eating score and µ-opioid receptor availability in subsamples 

of 70 males and 22 females 

  



Eating behavior and central opioid and cannabinoid receptors	 T. Kantonen et al.	

	
2	

PET scanners and smoking status 

 

Supplementary Table 1. The information about PET scanners and smoking status of the sample.  

 
Males (n = 70) Females (n = 22) 

PET scanner (n) 
HRRT (Siemens Medical Solutions) 8 9 

Discovery 690 PET/CT (GE Healthcare) 10 13 
GE Discovery VCT PET/CT (GE Healthcare) 52 0 

Smoking status (n)*   

Smoking 0 7 
Nonsmoking 57 15 

Unknown 13 0 
* The 13 individuals whose smoking status was unknown were classified as nonsmokers because in 

Finland, less than 20 % of the adult population smoked cigarettes in 2000 

(http://urn.fi/URN:NBN:fi-fe2018102938947). Results were similar in a parallel analysis where 

individuals with unknown smoking status were classified as smokers. 
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Descriptive correlations of the sample	
	

	

Supplementary Figure 1. Descriptive correlations between the Dutch Eating Behaviour 

Questionnaire (DEBQ) total and subscale scores, age and body mass index (BMI) in the sample of 

92 subjects (70 males and 22 females) scanned with [11C]carfentanil. The numbers indicate Pearson 

correlation coefficients. p < 0.05 correlations are marked with boldface.	
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Table of the p-values for descriptive correlations 

Supplementary Table 2. The p-values for corresponding Pearson correlation coefficients in the 

sample of 92 subjects (70 males and 22 females) scanned with [11C]carfentanil. 	

	

 DEBQ 
Total 

DEBQ 
Emotional 

DEBQ 
External 

DEBQ 
Restrained BMI Age 

DEBQ Total 1.000 <0.001 <0.001 <0.001 0.137 0.119 

DEBQ Emotional <0.001 1.000 0.001 0.028 0.753 0.822 

DEBQ External <0.001 0.001 1.000 0.267 0.728 0.676 

DEBQ Restrained <0.001 0.028 0.267 1.000 0.009 <0.001 

BMI 0.137 0.753 0.728 0.009 1.000 0.352 

Age 0.119 0.822 0.676 <0.001 0.352 1.000 
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Association between External eating score and µ-opioid receptor availability in subsamples of 

70 males and 22 females 

 

The male subsample 

In the subsample of 70 males, the associations between External eating score and µ-opioid receptor 

availability were mostly similar than with the full sample, associations in caudatus being slightly 

less prominent. 

 

Supplementary Figure 2. Brain regions where higher External eating score associated with lower 

[11C]carfentanil binding potential (BPND) in 70 males, age and PET scanner as nuisance covariates. 

Shown are clusters where p < 0.05, FWE corrected at cluster level. 

 

The female subsample 

In the subsample of 22 females, there were no statistically significant associations between External 

eating score and central µ-opioid receptor availability. This is potentially due to the relatively low 

number of female subjects. 

	

 


