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Objective of the study and its significance:  
 
Our team and others have shown that children exposed to violence victimisation are 
more likely to have high inflammation levels in later life compared to non-victimised 
peers, possibly leading to greater disease risk in later life (Danese & Baldwin, 2017). 
However, these group differences fail to capture the remarkable resilience that many 
victimised children display in the face of adversity. Indeed, there is significant variation in 
inflammation levels within a group of E-Risk Study members who were victimised as 
children (see Figure below). The heterogeneity in inflammation levels among victimised 
children highlights individual differences in resilience within the at-risk population. We will 
examine the possible biological correlates of this heterogeneity by testing whether DNA 
methylation probes predict inflammation levels within a group E-Risk Study members 
who were victimised as children. The analyses will be based on whole blood DNA from 
Study members at age 18, which has been used to quantify genome-wide patterns of 
DNA methylation with the Illumina Infinium HumanMethylation 450K array.   
 
Significance 
Understanding what makes some children more resilient and others more vulnerable to 
the effects of violence victimisation is important to elucidate the biological pathways 
underlying these effects and to identify targets for preventative and treatment 
interventions.  

https://www.ncbi.nlm.nih.gov/pubmed/27575032
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Figure. Scatterplot of CRP value among E-Risk Study members victimised in childhood 
(childhood poly-victimisation score >=1; n=591). CRP values are sorted on the X-axis by 
Study members’ ID for illustration purposes 
 
 

 
 
 
 
 
 
Statistical analyses: 
 
 
 
 

1. VALIDATION: What are the DNA methylation markers associated with CRP 
levels at age 18 years? We will be able to compare our findings with a recent 
EWAS (Ligthart, 2016, Genome Biol), although will expect some discrepancies 
because of the different nature of the specimens (serum versus dried blood 
spots). 
Method: Linear model regressing DNA methylation onto CRP levels at age 18 in 
E-Risk Study members, controlling for family relatedness (robust standard errors). 
Further covariates to be included in all analyses: batch, cell-type proportion, sex. 

2. HYPOTHESIS TESTING: Within Study members who were victimised in 
childhood, is DNA methylation in whole blood associated with CRP levels at 18 
years? 
Method: Linear model regressing DNA methylation onto CRP levels at age 18 in 
the subsample of victimized individuals, controlling for family relatedness (robust 
standard errors). Further covariates to be included in all analyses: batch, cell-type 
proportion, sex. 

https://www.ncbi.nlm.nih.gov/pubmed/27955697
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3. SPECIFICITY: Within Study members who were non-victimised in childhood, 
which DNA methylation probes predict CRP levels at 18 years? What is the 
overlap between probe-sets in (2) and (3)? 
Method: Linear model regressing DNA methylation onto CRP levels at age 18 in 
the subsample of non-victimized individuals, controlling for family relatedness 
(robust standard errors). Compare effect sizes and p-values at top differentially 
methylated probes between probe-sets in (2) and (3). 

4. CONFOUNDING: Is the DNA methylation-based prediction of CRP levels 
explained by potential confounding factors, such as latent or measured genetic 
influence (polygenic risk score for CRP), or artefacts linked to sex, cell type 
distribution, or measurement error in exposure (number of child victimisation 
types or re-victimisation in adolescence)? 
Methods: a) Linear model regressing DNA methylation onto CRP levels at age 18 
in the subsample of victimized individuals, controlling for family relatedness 
(robust standard errors) and the specific individual confounders. 
b) Twin difference model regression differences in DNA methylation onto 
differences in CRP, controlling for cell-type proportion differences. 

5. PATHWAYS: What is the biological function of the identified DNA methylation 
probe-set - as derived from gene ontology and targeted ontology? 
Method: a) Pathway analysis for gene ontology is based on the set of significant 
probes, identifying molecular pathways enriched in these, compared to the whole 
array background. b) Targeted ontology, specifically queries the enrichment of 
candidate pathways in the set of differentially methylated probes. 

6. DIFFERENTIALLY METHYLATED REGIONS:  Using dimension reduction 
techniques (comb-P) and modules of co-methylated probes (WGCNA), can we 
identify regions of differential methylation associated with CRP levels in the 
subsample of individuals victimized in childhood? 
Method: a) Using comb-P on the results of the CRP EWAS in the victimized 
subsample to combine P-values into local regions. b) WGCNA will be used to 
identify networks of co-methylated probes and associate these with CRP levels as 
described above at the individual probe level. 

7. REPLICATION: We will seek to identify other samples where we could test similar 
hypothesis  
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Variables Needed at Which Ages (names and labels): 
 
Study: 
 
 
Age 5 

- FAMILYID  Unique family identifier 
- ATWINID  Twin A ID (ex chkdg) 
- BTWINID  Twin B ID (ex chkdg) 
- RORDERP5  Random Twin Order 
- RISKS  Sample Groups 
- COHORT  Cohort 
- SAMPSEX  Sex of Twins: In sample 
- ZYGOSITY  Zygosity 
- SESWQ35  Social class composite 

 
 
Age 12 

- POLYVE512  Extent of polyvictim, 5-12, Elder 
- POLYVY512  Extent of polyvictim, 5-12, Younger 
- CRPEmgl  CRP mGl – Elder (Germfighters) 
- CRPYmgl  CRP mGl – Younger (Germfighters) 

 
Age 18 

- FinalconcentrationmgLe18 CRP elder 
- FinalconcentrationmgLy18 CRP younger 
- WAISTHIPE18               Waist-hip ratio (accounting for pregnant women) - 

Elder 
- WAISTHIPY18               Waist-hip ratio - Younger  
- Body temp @ CRP measure elder and younger 
- POLYVCTZE18               Poly-victimisation count - Elder 
- POLYVCTZY18               Poly-victimisation count – Younger 
- Revictimisation (based on latent class analysis by Avshalom) 
- EWAS data (including batch, cell types, predicted zygosity and DNA methylation 

age) 
- polygenic risk score for CRP (derived by Karen Sugden/Dan Belsky) 
- smoking pack-years 
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