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Objective of the study and its significance:  
 
Background 
 
Major depressive disorder (MDD) – a leading contributor to global mental-health related disease burden1 – 

commonly develops in adolescence and can have a chronic course throughout life2. The early 
identification of those who are at risk for developing MDD is therefore critical to enable preventative 
intervention.  
 
Addressing this issue of early identification, Rocha and colleagues3 recently developed, and then validated 
in the E-Risk cohort, a multivariable prognostic model to predict individual risk in early adolescence of 
developing MDD at age 18 for adolescents with no previous depressive symptoms. The E-Risk prediction 
model used social and demographic risk factors at age 12 (sex, skin colour, drug use, school failure, social 
isolation, fight involvement, child maltreatment, history of running away from home) to predict the risk of 
developing MDD at age 18 and did so with reasonable accuracy3.  
 
Currently, little is known about the biological correlates of MDD risk though one potential candidate is 
inflammation. Inflammation is part of the body’s innate immune response to infection and disease and its 
timely response is a critical defence mechanism. However, chronic inflammation damages the body and is 
also known to affect the brain. Indeed, accumulating evidence suggests a possible role of inflammation in 
the aetiology of depression. For example, findings of cross-sectional observational studies have shown 
small, elevated levels of circulating inflammation biomarkers among depressed individuals4. Furthermore, 
experimental studies using animal models have shown that inducing an inflammatory state produces 
affective symptoms such as fatigue, social withdrawal and altered cognition5 with similar effects also 
evident in humans6. Findings such as these suggest a possible relationship between individual risk for 
developing future MDD and subsequent levels of inflammatory markers, with those identified as being at 
higher risk for MDD in early adolescence hypothesised to have higher levels of inflammation in late 
adolescence than those with lower individual risk for MDD.  
 
Study Aims 
 
Our objective is to conduct pilot analyses (to be written-up as a ‘Short Communication’) to examine 
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associations between depression risk at age 12 and levels of inflammation at age 18 in the E-Risk cohort, 
using the following biomarkers: C-reactive protein (CRP), interleukin 6 (IL-6) and soluble urokinase 
plasminogen activator receptor (suPAR). Specific aims are: 
 

1. To assess the relationship between MDD risk score at age 12 and measures of CRP, IL-6 and 
suPAR at age 18. 

 
2. To compare age-18 levels of CRP, IL-6, and suPAR for three distinct MDD risk groups at age 12: 

those with MDD risk scores at extreme ends of the distribution (i.e., high- and low-risk) and those 
who already exhibited depressive symptoms at age 12 (and therefore were excluded from having 
a risk score calculation). 

 
 
Notes on inflammatory markers: 
Peripheral inflammation was measured from blood serum obtained at age 18. CRP is a sensitive but non-
specific marker of acute inflammation that responds rapidly to underlying disease and infection7. IL-6 is a 
key cytokine involved in regulating inflammation and protecting against infection, and it is linked to 
chronically high inflammation due to its regulatory role8. suPAR is a protein that is severed from cell 
membranes during inflammatory conditions and provides an overall marker of immune activity and chronic 
inflammation9. The log-transformed CRP and IL-6 variables will be used as these transformed variables 
are more normally distributed, which has not previously been required for suPAR within the E-Risk study9 

(though we will check its distribution in the sub-set of the E-Risk sample utilised in the proposed analyses). 
 
 
Statistical analyses: 
 
Our analyses will utilise the 1,144 depression risk scores calculated at age 12 by the prediction model 
developed and refitted to the UK E-Risk cohort by Rocha et al3. The prediction model will be run using the 
software R and the resulting risk scores will then be exported into Stata to conduct the following analyses:  
 

1. Using linear regression models, we will examine the association between age-12 depression risk 
scores and separate continuous measures of age-18 CRP, IL-6, and suPAR. Models will be 
adjusted for the non-independence of the twin data using the ‘CLUSTER’ command. Additionally, 
we will control for age-18 body mass index (BMI) and body temperature.  
 

2. We will then identify three mutually exclusive groups of participants from the E-Risk sample:  
 

i. Those with clinically significant depressive symptoms at age 12, defined as a score of ≥20 
on the Children’s Depression Inventory (‘depressed’ group) 

ii. Those with a depression risk score ≥ the 80th percentile at age 12 (‘high-risk’ group)  
iii. Those with a depression risk score ≤ the 20th percentile at age 12 (‘low-risk’ group)  

 
The 20th and 80th percentile cut-offs for categorising low- and high-risk have been chosen to 
maximise the sample size with available inflammation data (N=150 & N=189 respectively). 

 
3. We will check descriptive statistics for levels of CRP, IL-6, and suPAR at age 18 for each of these 

groups and transform variables to approximate normal distributions as required. 
 

4. Using linear regression models, we will examine whether depression risk group membership at 
age 12 (depressed, high-risk, low-risk) is associated with levels of CRP, IL-6, and suPAR at age 
18. Models will use the low-risk group as the reference category and will then be repeated with the 
depressed group as the reference. All models will be adjusted for the non-independence of twins 
using the ‘CLUSTER’ command. Additionally, we will control for age-18 BMI and body 
temperature. 
 

5. As a sensitivity analysis we will repeat Steps 2-4 using the 10th and 90th percentile cut-offs for 
categorising participants at low and high risk for depression (N=45 & N=75 respectively). 
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Note: As described in Steps 1 & 4, we will adjust our linear regression models for the non-independence 
of twins, BMI, and body temperature. We are also considering adjusting for sex (due to sex differences in 
inflammation and depression prevalence) but we welcome feedback/suggestions about this given that sex 
is one of the predictors in the depression risk score. Note that the sample size (Step 1: N=760 & Step 2: 
N=393 with data available for inflammation & covariates) limits our ability to stratify by sex. 
    
Variables Needed at Which Ages (names and labels): 
 
Study: E-Risk Study 
 
Age 5: 
 

General study variables: 
FAMILYID Unique family identifier 
ATWINID Twin A ID (ex chkdig) 
BTWINID Twin B ID (ex chkdig) 
RORDERP5 Random Twin Order 
RISKS Sample Groups 
COHORT Cohort 
ZYGOSITY Zygosity 

 
Previous depression screening for risk prediction model: 
DEPRSE5 Depression scale elder twin 

 
Risk prediction model predictors: 
SAMPSEX Sex of Twins: In sample 
SETHNIC Ethnicity of Twins 
SESWQ35 Social class composite 

 
 
Age 7: 
 

Previous depression screening for risk prediction model: 
DEPRSE7 Depression scale elder twin 

 
Age 10: 
 

Previous depression screening for risk prediction model: 
DEPRSE10 Depression scale elder twin 

 
Age 12: 
 

Low IQ screening for risk prediction model: 
IQ12E Pro-rated IQ (INF & MR), 12E 

 
Previous depression screening for risk prediction model: 
CDIE12 Depression Scale - CDI – Elder 

 
Risk prediction model predictors: 
HARME512 Child harm phase 5-12 – Elder twin 
EDUCPRFE12 School performance (English & Maths average) - P12 – Elder 
SISOCE12   Social isolation (categorical) - P12 – Elder 
con23ec12 Have you ever run away from home and stayed away for the 

night? – Elder 
‘Any drug use’ variable used in Rocha et al 2021. Comprised from: 
sub1ec12 - substance use – option 1 (upgrade of items 15, 16, and 17) – Elder 
sub2ec12 - substance use – option 2 (downgrade of items 03 and 07) – Elder 
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‘Fights’ variable used in Rocha et al 2021. Comprised from: 
con03ec12 Do you sometimes hit someone when you are having an argument? – Elder 
con04ec12 Do you sometimes start fights with people? – Elder 

 
 
Age 18: 
 

Depression outcome: 
DXMDEE18 Major depressive episode, dsm4 – P18 – Elder 

 
Inflammation: 
CRPE18_4SD CRP concentration (mg/L) with outliers removed - P18 – 

Elder 
lnCRP_E18_4SD Log-transformed CRP with outliers removed – P18 – Elder 
IL6_E18_4SD Plasma IL-6 with outliers removed – P18 – Elder 
lnIL6_E18_4SD  Log-transformed IL-6 with outliers removed – P18 – Elder 
suPAR_E18_4SD Plasma suPAR with outliers removed – P18 – Elder 

 
Covariates: 
BMIE18  bmie18  
BTEMPE18 Body temperature, Celsius - P18 – Elder 
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