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Objective of the study and its significance:  
 
Stress is a normal and adaptive biological and psychological response that has developed throughout 
evolution to maximise an individual’s chances of survival when confronted with a stressor [1]. However, 
prolonged activation of the stress response system, in particular during key developmental periods such 
as early childhood development and puberty, not only have acute disruptive impacts on the persons’ 
health and mental development but are also strongly linked with a range of stress-related diseases and 
cognitive impairments that persist well into adulthood [2]. The main aim of this project is to elucidate how 
psychosocial stress during adolescence gets under the skin to leave lasting biological imprints. One 
possibility is that environmental conditions could affect or interact with genes through epigenetic 
mechanisms, specifically DNA modifications. 
 
Epigenetic processes are dynamic and can fluctuate across the lifespan in response to genetic and 
environmental influences in particular during key developmental milestones such as early childhood and 
adolescence [3]. There is an emerging body of evidence showing that individuals exposed to severe 
psychosocial stressors have different epigenetic fingerprints compared to individuals exposed to 
no/minimal stressful life events [4, 5]. Limited conclusions can be drawn from previous findings as these 
studies relied on adult retrospective reports of stress or trauma, unusual clinical groups (suicide victims, 
institutionalised children), and small samples [6-8]. However, a recent comprehensive epigenome-wide 
study of polyvictimization across childhood and adolescence using the complete E-Risk dataset reported 
very few significant associations with DNA methylation at age-18 in peripheral blood, and these were 
potentially confounded by tobacco smoking and/or did not survive co-twin control tests [9].  
 
The current study proposes a powerful and sensitive design to ascertain a ‘purer’ impact of psychosocial 
stress on the epigenome by combining the unique discordant MZ twin design with a longitudinal approach 
[10, 11]. By comparing the epigenomic fingerprints before and after an MZ twin pair have differing 
exposures to psychosocial stressors, we can pinpoint more precisely the epigenomic region(s) that is/are 
influenced by the stressor and rule out those that may be attributable to potential confounders such as 
genetic variation, age, sex, and shared environmental exposures. We will assess DNA methylation profiles 
using buccal DNA collected at three different time points, ages 5,10 and 18, at >850,000 CpG sites in the 
human methylome using the Illumina Infinium EPIC array compared to ~480,000 probes assessed only in 
age-18 blood samples presented in Marzi et al [9]. In addition, we will compare age-18 DNA methylation 
from both buccal and blood DNA allowing us to interrogate the tissue-specific nature of the DNA 
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methylome and the impact of psychosocial stress on multiple tissue sources. Another advantage of this 
comparative analysis will be in determining whether these 'signatures' can be detected using minimally 
invasive procedures.  
 
 
 
Statistical analyses: 
 
In this study, we selected 168 MZ twin pairs including 89 pairs concordant for no severe stress during 
childhood but discordant for stress during adolescence, 23 pairs discordant for stress during childhood, 28 
pairs concordant for no severe stress during childhood but concordant for exposure to stress during 
adolescence, and 28 pairs with no exposure to stress during childhood or adolescence. The major 
stressors considered in the selection criteria during childhood included domestic violence, frequent 
bullying, physical abuse, sexual abuse, emotional abuse or neglect, and physical neglect; and in 
adolescence included crime victimisation, maltreatment, neglect, family violence, peer/sibling victimisation, 
sexual victimisation, and cyber-victimisation.  
 
DNA methylation has been quantified from buccal samples in the E-Risk study at ages 5, 10 and 18 and 
also from whole blood samples at age-18 using the Illumina Infinium EPIC array, giving quantitative data 
for >850,000 CpG sites across the genome. A stringent quality control (QC) analysis was performed to 
check the quality of the data and remove poor quality samples from further analyses. The steps included in 
the QC investigated multiple aspects including intensity (biggest indicator of sample quality), bisulphite 
conversion, reported vs predicted sex, genotype match (based on 59 probes on the EPIC array), genetic 
correlation with the co-twin and other data-points (advantage of having multiple data-points from the same 
individual and the co-twin), and finally filtering out probes and samples that do not meet the QC threshold. 
Furthermore, blood cell counts will be quantified for the age-18 blood samples using the 
estimateCellCounts() function from the minfi package, and the methylation data will be adjusted for cell 
type composition and batch using linear regression in the relevant analysis. All analyses will be performed 
for individual CpG sites (controlled for multiple-testing using the False Discovery Rate (FDR)), and for 
average DNA methylation across specific annotated features (e.g. gene promoters, CpG islands, gene 
bodies, intergenic regions). 
 
Statistical analyses will be performed using R.  
 
We propose to investigate the association between psychosocial stress exposure during adolescence and 
DNA methylation and its trajectory by comparing DNA methylomic data in twins discordant for severe 
stress exposure and those concordant for no severe stress throughout childhood to adolescence. The 
analyses will be controlled for smoking, given its important role as a confounder in methylation data, 
particularly in the context of mental health outcomes. Specifically, recorded smoking status will be 
compared to smoking status derived from measured DNA methylation at known smoking-related CpG 
sites. Linear regression will be used to adjust the data for the effects of smoking (pack years) and further 
analyses will be run using the adjusted data.  
 

1. Specifically, we will use a multilevel modelling approach to investigate the effect of stress 
(exposure) during adolescence in the discordant twins on DNA methylation (outcome) in age-18 
buccal DNA compared to ages 5 and 10 buccal DNA. Specifically, the model will be fitted across 
all the age-18 data points and then a model will be fit across all time points (ages 18, 10 and 5) for 
the significant probes with an interaction between the stress exposure and time/age.  

 
Furthermore, an additional interaction model will be also be fitted to assess any common or tissue-specific 
effects at age-18 across multiple tissues (buccal and blood).  
 

2. The longitudinal epigenetic trajectories associated with exposure to adolescent psychosocial 
stress will be interrogated using a linear mixed model. The range of adolescent stressors 
assessed within this cohort will allow us to also explore whether exposure to specific types of 
stress or combinations of stressors have distinct epigenetic signatures. We will also explore the 
interaction between time and exposure on the DNA methylomic profile of twins discordant for 
stress at different time points and twins concordant for no exposure to stress and compare the 
methylomic profiles/trajectories using the interaction model. Specifically, we will investigate the 
effect of the age variable and the interaction between age and exposure allowing us to see if there 
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is a relationship between outcome and age at exposure. 
 
 

3. To explore the functional organisation of DNA methylation and how this is altered with early 
psychosocial stress exposure, we will employ weighted gene co-methylation network analysis to 
identify modules of co-methylated features via unsupervised hierarchical clustering on the basis of 
high topological overlap [12]. 

 
 
Variables Needed at Which Ages (names and labels): 
 
Study: 
FAMILYID (ID Family) 
ATWINID (ID Twin 1) 
BTWINID (ID Twin 2) 
SAMPSEX (Sex of twins) 
ZYGOSITY (Zygosity of twins) 
RORDERP5 (Random order variable) 
SESWQ35 (Social class composite) 
SETHNIC Ethnicity of Twins 
 
Age 12: 
EX_SVE12 Exposed to severe victimization (0/1), 5-12, E-Twin 
EX_SVY12 Exposed to severe victimization (0/1), 5-12, Y-Twin 
 
 
Age 18: 
SMKPKYRE18 (Smoking - pack years, ages 12 to 18) 
SMKCNUME18 (Smoking - current number of cigarettes - Number of cigarettes smoked per day at age      
18 or age 19 smoking level if that age at interview) 
 
Illumina EPIC DNA methylation data from buccal DNA at ages 5,10,and 18 + related variables (probes, 
batch number, chipID etc) for both elder and younger twin 
Illumina EPIC DNA methylation data from peripheral blood at age-18 + related variables (probes, batch 
number, chipID etc) for both elder and younger twin 
 
POLYVCTZCE18 Poly-victimisation 4 cat (0,1,2,3+) - P18 - Elder 
POLYVCTZCY18 Poly-victimisation 4 cat (0,1,2,3+) - P18 - Younger 
 
VCTZCONE18 Conventional victimisation severity - P18 - Elder 
VCTZCONY18 Conventional victimisation severity - P18 - Younger 
VCTZMALE18 Maltreatment victimisation severity - P18 - Elder 
VCTZMALY18 Maltreatment victimisation severity - P18 - Younger 
VCTZPERE18 Peer victimisation severity - P18 - Elder 
VCTZPERY18 Peer victimisation severity - P18 - Younger 
VCTZSEXE18 Sexual victimisation severity - P18 - Elder 
VCTZSEXY18 Sexual victimisation severity - P18 - Younger 
VCTZFAME18 Family victimisation severity - P18 - Elder 
VCTZFAMY18 Family victimisation severity - P18 - Younger 
VCTZINTE18 Internet victimisation severity - P18 - Elder 
VCTZINTY18 Internet victimisation severity - P18 - Younger 
VCTZNEGE18 Neglect victimisation severity - P18 - Elder 
VCTZNEGY18 Neglect victimisation severity - P18 – Younger 
 
CTQCTOTE18 CTQ combined - types of abuse or neglect at mod/severe level (0-5) - P18 - Elder 
CTQCTOTY18 CTQ combined - types of abuse or neglect at mod/severe level (0-5) - P18 - Younger 
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