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• What is metabolomics? 
– Holistic overview metabolome (Wishart DS. 2007. Brief Bioinform 8:279–93) 

 
• How do we measure this? 

– Targeted vs untargeted  
– MS vs (1H-)NMR 

Background 
Aggression biochemistry and metabolomics 
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• The current project 
– Genetic correlation adult aggression and blood metabolites  

1) Lipoproteins/lipids (biomarker literature)  
– 1H-NMR Lipoprotein platform (‘Brainshake Ltd.’, FI) 

– LC-MS Lipidomics platform (Universiteit Leiden, NL) 
 

2) amino acids (genetic evidence Gulsun, et al. 2016? )  
– Alanine, histidine, isoleucine, leucine, phenylalanine, tyrosine & valine 

Background 
Aggression metabolomics & current project 
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• NTR biobank (Willemsen G, et al. 2010. Twin Res Hum Genet 13:231–45) 

– Large scale biological sample collection  fasting blood samples 
– N = 9,530 

 
• ASR Aggression Scale  
          (Achenbach TM, Rescorla LA. 2003. Manual for the ASEBA Adult Forms & Profiles) 

– Survey8 & Survey10 

 
 

• Genetic Relationship Matrices (GRMs) 
– Cleaning: no ethnic outliers, autosomes only, HWE > 1x10-5, MAF > 0.01, no 

exclusion of related individuals 
– Adjust for (long-range) LD: ‘LDAK GRM’ (Speed D, et al. 2012. Am J Hum Genet 91:1011–1021) 

– Cope with family structure: ‘Zaitlen GRMs’ (Zaitlen N, et al. 2013. PLoS Genet.) 

 

Methods 
The data 
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Methods 
Statistical analyses 
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• SNP & narrow-sense heritability 

– Univariate GCTA (Yang J, et al. 2011. Am J Hum Genet 88:76–82) 

• Aggression  
• 1H-NMR metabolites 
• Lipidomics lipids 

 
• Phenotypic correlation 

– Rp Aggression and 1H-NMR metabolites 
– Rp Aggression and Lipidomics lipids 

 
• Genetic correlation 

– Bivariate GCTA (Lee SH, et al. 2012. Bioinformatics, 28:2540–2542) 

– Approximation twin-family design 
• Rg Aggression and 1H-NMR metabolites 
• Rg Aggression and Lipidomics lipids 

 

Covariates metabolite/lipid 
genetic analyses:  
1. Sex 
2. Age at blood draw 
3. BMI 
4. Smoking status 
5. First 10 (NL) genetic PCs 
6. 7-classes of medication 
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Results 
Heritability - adult aggression 
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N = 5,944 
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Results 
Heritability – 1H-NMR data 
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N ~ 2,880 

Borderline significant SNP h2 
Metabolite P-value Metabolite P-value Metabolite P-value 

SM 0.007 Leu 0.027 Phe 0.035 
Glc 0.009 XL-HDL-C 0.030 XL-HDL-PL_% 0.037 
M-LDL-TG 0.018 XL-HDL-FC 0.030 XL-HDL-CE 0.038 
IDL-CE_% 0.018 XL-HDL-L 0.031 Ile 0.040 
XL-HDL-C_% 0.021 XL-HDL-P 0.032 S-LDL-TG 0.040 
XL-HDL-CE_% 0.022 XL-HDL-PL 0.033 

Phenylalanine 0% missing h2 
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Results 
Heritability - Lipidomics data 
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Cer(d18:1/24:1) 
P=0.028 

PC(O-34:1) 
P=0.030 LPC(O-34:1) 

P=0.034 
LPC(20:4) P=0.041 

Common SNPs explain 100% of h2 

Lipids with 0% missing h2 
PC(O-34:1)* LPC(O-18:1)* 
Cer(d18:1/23:0) LPC(18:2) 
PE(38:2) LPC(O-16:1) 
TG(53:1) LPC(18:1) 
PE(36:3) 

N ~ 2,200 
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• Adult aggression & 1H-NMR 
metabolites 

– Overall no significant 
associations 

– L-HDL-TG, Creatinine & 
Albumin P < 0.05 

– No replication of Gulsun 2016 
paper 

 
 

• Adult aggression & 
Lipidomics lipids 

– Overall no significant 
associations 

– Cer(d18:0/24:0), SM(d18:0/20:1), 
PC(34:2), PC-O(36:3), PC-O(34:3) 
& PC-O(34:1) P < 0.05 

 

Results 
Phenotypic correlations 
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P-values 

P-values 
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Results 
Rg – adult aggression & 1H-NMR data 

10 N ~4,900 

XL-VLDL-TG_% 

XL-VLDL-FC_% 

L-HDL-TG_% 
RP = -0.017  

RP = 0.006 

RP = 0.015 
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Results 
Rg - adult aggression & Lipidomics data 
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CE(18:2) 

SM(d18:1/25:0) 

TG(50:0) 
RP = -0.044 

RP = 0.02-0.10 

Rp = -0.05 

N ~ 3,700 
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• To LDAK or not? 

           Lee SH, et al. (2013) AJHG 93: 1151-1155 & Speed D, et al. (2013) AJHG 93: 1155-1157 

 
• Power 
          Visscher PM, et al. (2014) PLoS Genetics. 

– Aggression SNP h2 0.10 
• Power = 47% 

– 1H-NMR SNP h2 0.20  
• Power = 45% 

– Lipidomics SNP h2 0.20  
• Power = 28% 

 
• Too stringent in corrections? 

 

Limitations 
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• Small, non-significant, phenotypic correlations  
– Aggression & lipids/lipoproteins 
– Aggression & amino acids 
– Furthermore, genetic correlations non-significant  previous associations driven 

by Antisocial Personality Disorder or artifact of small N study?  

   
 
• Future directions phenotypic association  ACTION 

- Aggression & (urinary) biomarkers in children 
- Stronger design: simultaneous assessment of childhood aggression & biomakers 
- MZ discordant design 

 

Conclusions 
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