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Supplementary Text 1: Additional details about the E-Risk Study sample
The Environmental Risk (E-Risk) Longitudinal Twin Study tracks the development of a nationally representative birth cohort of 2,232 British twin children. The sample was drawn from a larger birth register of twins born in England and Wales in 1994-1995 (Trouton, Spinath & Plomin, 2002). Full details about the sample are reported elsewhere (Moffitt & E-Risk Study Team, 2002). Briefly, the E-Risk sample was constructed in 1999-2000, when 1,116 families (93% of those eligible) with same-sex 5-year-old twins participated in home-visit assessments. This sample comprised 56% monozygotic (MZ) and 44% dizygotic (DZ) twin pairs; sex was evenly distributed within zygosity (49% male). Families were recruited to represent the UK population of families with newborns in the 1990s, on the basis of residential location throughout England and Wales and mother’s age. Teenaged mothers with twins were over-selected to replace high-risk families who were selectively lost to the register through non-response. Older mothers having twins via assisted reproduction were under-selected to avoid an excess of well-educated older mothers.
Follow-up home-visits were conducted when children were aged 7, 10, 12 and 18 (participation rates were 98%, 96%, 96% and 93%, respectively). Home-visits at ages 5, 7, 10, and 12 years included assessments with participants as well as their mother (or primary caregiver); the home-visit at age 18 included interviews only with the participants. Each participant in a twin pair was assessed by a different interviewer. There were 2,066 E-Risk participants who were assessed at age 18. The average age of the participants at the time of the assessment was 18.4 years (SD = 0.36); all interviews were conducted after the 18th birthday. There were no differences between those who did and did not take part at age 18 in terms of socioeconomic status (SES) assessed when the cohort was initially defined (2 = 0.86, p = 0.65), age-5 IQ scores (t = 0.98, p = 0.33), age-5 internalising or externalising behaviour problems (t = 0.40, p = 0.69 and t = 0.41, p = 0.68, respectively), or childhood poly-victimisation (z=0.51, p=0.61). The study sample represents the full range of socioeconomic conditions in Great Britain, as reflected in the families’ distribution on a neighbourhood-level socioeconomic index (ACORN [A Classification of Residential Neighbourhoods] developed by CACI Inc. for commercial use (CACI Information Services, 2006). E-Risk families ACORN distribution closely matches that of households nation-wide: 25.6% of E-Risk families live in “wealthy achiever” neighbourhoods compared to 25.3% of households nation-wide; 5.3% vs 11.6% live in “urban prosperity” neighbourhoods; 29.6% vs 26.9% live in “comfortably off” neighbourhoods; 13.4% vs 13.9% live in “moderate means” neighbourhoods; and 26.1% vs 20.7% live in “hard-pressed” neighbourhoods. E-Risk underrepresents urban prosperity neighbourhoods because such households are likely to be childless. Additionally, the E-Risk Study families’ addresses are a near-perfect match to the deciles of the UK government’s Index of Multiple Deprivation (see Supplementary Figure S1 below).
Parents gave informed consent and twins gave assent between 5-12 years and then informed consent at age 18. The Joint South London and Maudsley and the Institute of Psychiatry Research Ethics Committee approved each phase of the study.













Supplementary Figure S1: The E-Risk Study families’ addresses are a near-perfect match to the deciles of the UK government’s Index of Multiple Deprivation.
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Note. This histogram shows E-Risk families’ addresses are a near-perfect match to the deciles of the UK’s 2015 Lower-layer Super Output Area (LSOA) Index of Multiple Deprivation (IMD) which averages 1,500 residents (or 650 households each); approximately 10% (dotted red line) of the E-Risk cohort fills each of the IMD’s 10% bands, indicating that the E-Risk cohort accurately represents the distribution of deprivation in the UK. 







Supplementary Text 2: Additional details about the Millennium Cohort Study sample
Millennium Cohort Study (MCS) is a longitudinal survey of UK children that draws its sample from all live births between 1 September 2000 and 31 August 2001 (in England and Wales) and between 24 November 2000 and 11 January 2002 (in Scotland & Northern Ireland).
Eligible children were identified using government child benefit records (at the time of study design this was a non-means tested welfare benefit with high uptake). The sample was constructed to be representative of the total UK population and was disproportionately stratified to oversample certain subgroups, namely families living in areas of high child poverty, children of ethnic minority backgrounds, and living in the smaller nations of the UK (Plewis, 2007). At baseline, 18,552 families (18,827 children; 51% male) were included and an additional 692 eligible families were included at sweep 2 (total cohort=19,244 families). To date, there are seven sweeps of data available for analysis. The first took place when children were around 9 months of age, and then cohort members were followed up at age 3 years (N=15,590 families), 5 years (N=15,246), 7 years (N=13,857), 11 years (N=13,287), 14 years (N=11,726) and 17 years (N=10,625).









Supplementary Text 3: Additional details about the assessment of adolescent mental health in the E-Risk Study 
Symptoms of mental disorder. At age 18, participants were assessed in private interviews about past-year symptoms of mental disorders. Five externalising-spectrum disorder symptoms were assessed: Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM–IV; American Psychiatric Association, 1994) symptoms of alcohol dependence and cannabis dependence assessed via the Diagnostic Interview Schedule (DIS; Robins, Cottler, Bucholz & Compton, 1995); conduct disorder assessed by inquiring about DSM–IV symptoms; symptoms of tobacco dependence assessed via the Fagerstrom Test for Nicotine Dependence (Heatherton, Kozlowski, Frecker, & Fagerström, 1991); and attention-deficit/ hyperactivity disorder (ADHD) assessed by inquiring about DSM 5th edition (DSM–5; American Psychiatric Association, 2013) symptoms. Four internalising-spectrum disorder symptoms were assessed: DSM–IV symptoms of depression, generalised anxiety disorder, and posttraumatic stress disorder (PTSD) assessed via the DIS (Robins et al., 1995) and symptoms of eating disorder assessed via the SCOFF (Morgan, Reid, & Lacey, 1999). Thought disorder symptoms were assessed in two ways: first, participants were asked seven items about delusions and hallucinations (psychotic-like experiences: e.g., “Have other people ever read your thoughts?”; “Have you ever thought you were being followed or spied on?”; “Have you ever heard voices that other people cannot hear?”) (Polanczyk  et al., 2010). Second, participants were asked six items about unusual thoughts and feelings (prodromal symptoms: e.g., “My thinking is unusual or frightening”; “People or places I know seem different”), drawing on item pools since formalised in prodromal psychosis instruments, including the PRIME-screen and SIPS (Loewy, Pearson, Vinogradov, Bearden, & Cannon, 2011).
The structure of psychopathology. Using confirmatory factor analysis, two standard models (Brunner, Nagy, & Wilhelm, 2012; Rindskopf, & Rose, 1988) that are frequently used to examine hierarchically structured constructs were estimated: a correlated-factors model with three factors (representing Internalising, Externalising, and Thought Disorder symptoms) and a bi-factor model specifying a General Psychopathology factor (Supplementary Figure S2) in addition to the three specific factors. Decisions about symptom-factor loadings were guided by the Hierarchical Taxonomy of Psychopathology consortium (https://medicine.stonybrookmedicine.edu/HITOP/AboutHiTOP) (Kotov  et al., 2017). Symptoms corresponding to disorders of distress (depression, generalised anxiety disorder, and PTSD) and eating pathology loaded on the Internalising factor; symptoms corresponding to disorders of substance use (alcohol, cannabis, tobacco) and oppositional behaviour (conduct disorder) and ADHD loaded on the Externalising factor; and symptoms corresponding to disorders associated with psychosis loaded on the Thought Disorder factor. Confirmatory factor analyses were run as two-level clustered models to account for the nesting of twins within families, with analyses performed in MPlus v7.4 (Muthén & Muthén, 2017) using the robust maximum likelihood estimator (MLR) to provide standard errors that are robust to non-normality and non-independence of observations. Both models fit the data well as assessed by the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC) and the Sample Adjusted BIC, although the bi-factor model demonstrated marginally superior fit. 
For the correlated-factors model, AIC=42987.116, BIC=43488.486, Sample Adjusted BIC=43205.726. Loadings on each of the three factors were all positive, generally high (all p’s < .001) and averaged 0.680 (Externalising: average loading=0.638; Internalising: average loading=0.654; Thought Disorder: average loading=0.836). Correlations between the three factors were all positive and ranged from 0.552 between Externalising and Thought Disorder to 0.756 between Internalising and Thought Disorder. Thus, this model confirmed that three correlated factors (i.e., Internalising, Externalising, and Thought Disorder) explained the structure of the 11 symptom scales examined in the E-Risk twins at age 18. For the bi-factor model, AIC=42897.350, BIC=43443.787, Sample Adjusted BIC=43135.609. Loadings on the General Psychopathology factor (“p”) were all positive, generally high (all p’s < .001) and averaged 0.519; the highest standardised loadings were for psychotic symptoms (0.759 and 0.592), major depressive episode (0.718), eating disorders (0.574), and generalised anxiety disorder (0.567). Similarly, the loadings for the three specific factors were all positive and averaged 0.507 for Externalising, 0.270 for Internalising, and 0.496 for Thought Disorder. Thus, this model confirmed that a bi-factor structure (i.e., with a General Psychopathology factor and three specific Internalising, Externalising, and Thought Disorder factors) explained the structure of the 11 symptom scales examined in the E-Risk twins at age 18.

Supplementary Figure S2 The structure of psychopathology at age 18 years in the E-Risk Study.
[image: ]
Note. (A) Bi-factor model, (B) Correlated factors model. Coloured ovals represent latent (unobserved) continuous symptom trait factors; grey boxes represent age-18 observed scores on symptom scales corresponding to each disorder. ADHD = attention-deficit/hyperactivity disorder, PTSD = post-traumatic stress disorder. P factor represents the factor of General Psychopathology. Figure reproduced from Schaefer et al. (2018). 
Mental health disorder diagnoses
 Descriptive statistics for externalising, internalising and any psychiatric disorder (the outcomes utilised in the current study) are presented in Supplementary Table S16.
Externalising disorder. Participants meeting DSM criteria for one or more diagnoses of either ADHD, conduct disorder, or alcohol, cannabis or tobacco dependence were classified as having ‘externalising disorder’. 
Internalising disorder. Participants who met DSM criteria for one or more of these four diagnoses were classified as having ‘internalising disorder’: generalised anxiety disorder, major depressive disorder, PTSD, or 2+ symptoms of eating disorder on the SCOFF screening tool. 
[bookmark: _Hlk87909132]Thought disorder. Participants who experienced at least one definite psychotic symptom were classified as having thought disorder. This measure has good construct validity, as it was shown to share many of the genetic, social, neurodevelopmental, and behavioural risk factors and correlates as adult schizophrenia (Polanczyk et al., 2010). 
Any psychiatric disorder. An overall binary outcome for ‘any psychiatric disorder’ was created, where a score of 1 denoted the presence of any internalising, externalising, or thought disorder, and a score of 0 indicated that all three were absent.
 





Supplementary Text 4: Detail about the measurement of putative protective factors in the E-Risk Study

Descriptive statistics for all putative protective factors are presented in Supplementary Table S16.
Biological sex was reported by mothers at study baseline (1= male; 2 = female).
Family income was assessed at age 5 by asking how much total income the household received from all sources before tax in the previous 12 months. Respondents selected from 15 categories ranging from “<£3,999” (coded 0) to “£41,000 or more” (15). To investigate high family income, and to create a high family income variable comparable to that in MCS, we recoded this to “<£3,999 to £31,999” (coded 0) versus “£32,000 or more” (1). 
Infant temperament. Children’s outgoing temperament was assessed at age 5 using six items reflecting little caution when approaching the interviewer, quick adjustment to the new situation, extreme ease in social interaction, talkativeness, self-confidence, and self-reliance. This factor appears to reflect a child who is willing and eager to explore new situations (Bates, 1989; Caspi et al., 2003). The interviewer coded items on a 3-point scale after observing the child in the data-collection session in the child’s home and items were combined to form a total score. Interrater reliability was .81. Alpha reliability was .89
Cognitive skills and IQ were assessed at age 5 using a short form of the Wechsler Preschool and Primary Scale of Intelligence – Revised (WPPSI–R; Wechsler, 1990) comprising Vocabulary and Block Design subtests. 
The 25-item Vocabulary subtest requires children to identify pictured stimuli on the first 3 items (scored 1 or 0) and then to explain the meaning of each word for items 4 through 25 (scored 2, 1, or 0 depending on the conceptual level of the response). The subtest is untimed and discontinued after five consecutive failures starting with item 4. Vocabulary scores were age-adjusted.
The 14-item Block Design subtest requires children to reproduce designs using flat, two-coloured clocks. The child is shown a model constructed by the examiner for the first seven items and designs for the last seven items. All items are timed. On the first seven items 2 points are given for successful performance on the first trial, 1 point for successful performance on the second trial, and 0 points when both trials are failed. On the last seven items, scores between 0 (failure) to 4 are given where 3 or 4 points are awarded for speed. The subtest is discontinued after three consecutive failures (an item is considered failed when both trials are failed). Block Design scores were age-adjusted.
Using the Vocabulary and Block Design subtests described above, IQs were prorated following procedures described by Sattler (1992). 
Maternal warmth during childhood was assessed using procedures adapted from the Five-Minute Speech Sample method (Magaña et al., 1986; Caspi et al., 2004). When children were aged 5 and 10, mothers were asked to speak for 5 minutes about each of the children separately. The speech samples were audiotaped and coded by two independent raters, who had good inter-rater reliability (r=.90). The warmth expressed by the mother in their interview about the child was coded on a six-point scale from no warmth (0; complete absence of warmth) to high warmth (5; definite warmth, enthusiasm, interest in, and enjoyment of the child). To capture high levels of maternal warmth during childhood, two binary variables were created that indexed the presence of high maternal warmth (i.e., a score of 4-5) at age 5 and then at age 10 (coded 1). A binary variable that indexed whether maternal warmth was present at either age 5 or age 10 was then created (coded 1).
Parental monitoring and knowledge. Mothers’ reports on the monitoring and knowledge of their children’s activities and whereabouts were collected at age 12 using 10 items from the Monitoring and Supervision Questionnaire (Stattin & Kerr, 2000). Mothers were asked about their monitoring and knowledge during the last 6 months. The items captured, for each twin separately, whether the child needed permission to leave home or before deciding what to do on the weekend, and whether they had to report on where and with whom they go out. Mothers also reported on whether they knew the friends their child hangs out with, where they go in their spare time, how they spend their money, what type of homework or tests and projects they have, and how their child performs in different subjects. Answers were recorded as no, never (0), sometimes (1), and yes, always (2). Factor analysis identified two factors (Wertz et al., 2016). The first factor, named ‘parental knowledge’ contained six items, and the highest loading items on this factor assessed knowledge about children’s homework and tests or projects at school and about children’s leisure time activities. Items were combined to form a total score. The second factor, named ‘parental monitoring’, contained four items, and the highest loading items on this factor assessed whether children required permission to leave the home or before deciding what to do on the weekend. Items were combined to form a total score. The monitoring and the knowledge factors correlated (r=.41, p<.001). The internal consistency reliabilities were α=0.63 for parental monitoring and α=0.75 for parental knowledge.
Green space exposure was calculated using the satellite-image-derived normalised difference vegetation index (NDVI), a measure of the density of ambient leafy vegetation within a 1-mile radius of the child's home. Each child received an NDVI score localized to their residence at ages 5, 7, 10, 12, and 18. NDVI scores describe the ratio of near-infrared/green light to visible/red and blue light detected in a satellite image. NDVI gives a standardised measure of the “greenness” of a patch of land, as near-infrared and green light are reflected by healthy, chlorophyll-rich vegetation while visible and red and blue light are absorbed. NDVI values range from −1 to +1. Negative values typically represent clouds, snow, or water, values close to zero represent barren areas (e.g., rock, sand, buildings), and values close to one represent dense vegetation zones, like rainforests. For each home assessment year (participant ages 5, 7, 10, 12, and 18), raw MODIS (MOD13Q1) satellite images were retrieved from the U.S. National Aeronautics and Space Administration's Earth Data registry (https://earthdata.nasa.gov/) across 16-day time series during peak vegetation periods for the Study region (August) localized to the Study members’ home address at those ages. Images were resampled to a 30 × 30 m resolution. 1-mile home radius buffers were chosen to accommodate the neighbourhood activity zone of primary school age children (approximately 800 m) and adolescents (up to approximately 1600 m) (Carver, Timperio, & Crawford, 2008; Jones, Coombes, Griffin, & van Sluijs, 2009; Villanueva et al., 2012). 
For our analysis, NDVI scores were averaged across ages 5, 7, 10, 12 and 18 for those E-Risk study participants with green space data available for at least 3 time-points. 
Social support was assessed at age 18 via self-reports using the Multidimensional Scale of Perceived Social Support (MSPSS), which assesses individuals' access to supportive relationships with family, friends, and significant others (Zimet, Powell, Farley, Werkman, & Berkoff, 1988). The 12 items comprise statements such as “There is a special person who is around when I am in need” and “I can count on my friends when things go wrong”. Participants rated these statements as “not true” (0), “somewhat true” (1) or “very true” (2). We summed scores to produce an overall social support scale with higher scores reflecting greater social support. In addition, the family and friend sub-scales were utilised separately to examine whether social support from either family, friends, or significant others were specifically protective.
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Supplementary Text 5: Detail about sensitivity analyses additionally controlling for maternal psychological distress in Millennium Cohort Study
We did not control for the effects of maternal psychological distress in the main analyses as it potentially lies on the mediating pathway between neighbourhood deprivation and adolescent mental health. This is because the measurement of neighbourhood deprivation spanned sweeps 1 to 6 and therefore the measurement of maternal psychological distress at sweep 3 could be affected by prior deprivation which in turn may affect adolescent mental health. However, because there was also the potential for maternal psychological distress to confound the association between deprivation and mental health (because distress measured at sweep 2 could affect deprivation at sweeps 2 through 6 as well as the outcome) we opted to include it in a planned sensitivity test.      






Supplementary Text 6: Additional details about cross-classified models
[bookmark: _Hlk173851367]	The estimation of cross-classified models is computationally intense when there is a high number of groups and so Markov Chain Monte Carlo (MCMC) estimation method is recommended over maximum likelihood (Leckie, 2009). This is a simulation-based method in which many iterations are run. Parameter estimates are computed at each iteration from which means, standard deviations and credible intervals are calculated. These correspond to coefficients, standard errors and confidence intervals of a maximum likelihood approach. Cross-classified models were run with a burn-in period of 500 and a chain length of 5,000. 















[bookmark: _Hlk185238885]Supplementary Figure S3: Directed acyclic graph (DAG)
Neighbourhood deprivation in childhood
Adolescent mental health problems
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Note. Directed acyclic graph (DAG) is adapted from dagitty.net. Confounders included: family income and ethnicity. Other correlates were considered but not included as confounders given results of the DAG (e.g. they were mediators and/or could not cause exposure to neighbourhood deprivation in childhood): sex, childhood internalising problems, childhood externalising problems, and maternal psychological distress (though maternal psychological distress was included as a confounder in sensitivity analyses).  

 




[bookmark: _Hlk168473837][bookmark: _Hlk164157781]Supplementary Table S1 Change in quartile of Millennium Cohort Study (MCS) participants’ Index of Multiple Deprivation (IMD) between study sweeps.
	
	IMD quartile change

	
	N
	%

	MCS sweep 1 to 2
	1,101
	20.3

	MCS sweep 2 to 3
	1,346
	24.8

	MCS sweep 3 to 4
	653
	12.0

	MCS sweep 4 to 5
	1,034
	19.1

	MCS sweep 5 to 6
	1,147
	21.2



[bookmark: _Hlk187160680]Note. Analysis sample N=5,422.  Individuals’ IMD rank, and therefore change in quartile, can only change due to a participant moving to a different neighbourhood.











[bookmark: _Hlk168473844]Supplementary Table S2 Missing data for Millennium Cohort Study (MCS) and E-Risk study variables.
	
	Missing n (%)

	
	MCS
(N=14,976)
	E-Risk
(N=2,232)

	Neighbourhood deprivation
	2,507 (16.7)
	70 (3.1)

	Self-reported total problems 
	7,150 (47.7)
	

	Self-reported internalising problems
	7,149 (47.7)
	

	Self-reported externalising problems
	7,149 (47.7)
	

	General psychopathology score
	
	166 (7.4)

	Internalising symptoms score
	
	166 (7.4)

	Externalising symptoms score
	
	166 (7.4)

	Parent-reported total problems
	7,507 (50.1)
	

	Parent-reported internalising problems
	7,496 (50.1)
	

	Parent-reported externalising problems
	7,496 (50.1)
	

	Any psychiatric disorder
	
	182 (8.2)

	Any internalising disorder
	
	182 (8.2)

	Any externalising disorder
	
	178 (8.0)

	Ethnicity
	731 (4.9)
	0 (0)

	Biological sex
	692 (4.6)
	0 (0)

	Family income
	1,878 (12.5)
	100 (4.5)

	Maternal psychological distress
	4,428 (29.6)
	

	Cognitive skills:
	
	

	    Picture similarity score
	3,109 (20.8)
	

	    Pattern construction score
	3,102 (20.7)
	

	    Vocabulary score
	3,086 (20.6)
	13 (0.6)

	    Block design
	
	18 (0.8)

	    IQ
	
	10 (1.0)

	Parental knowledge of child’s whereabouts
	6,074 (40.6)
	91 (4.1)

	Parental control
	
	92 (4.1)

	Social support
	9,686 (64.7)
	

	Social support (total)
	
	171 (7.7)

	Social support (family)
	
	171 (7.7)

	Social support (significant others)
	
	171 (7.7)

	Social support (friends)
	
	171 (7.7)

	Infant temperament
	1,240 (8.3)
	8 (0.4)

	Green space
	2,507 (16.7)
	66 (3.0)

	Self-esteem
	4,906 (32.76)
	

	Parent-child relationship
	4,428 (29.6)
	

	Maternal warmth
	
	178 (8.0)


Note. E-Risk = Environmental Risk Longitudinal Twin Study; IQ = intelligence quotient.

[bookmark: _Hlk164157791]Supplementary Table S3 Association of high neighbourhood deprivation in childhood with self-reported mental health problems at age 17 years in the Millennium Cohort Study (MCS) additionally controlling for maternal psychological distress.
	
	Estimate (SD)
	p
	95% CI

	Total problems
	0.36 (0.22)
	.049
	-0.06 – 0.79

	Internalising problems
	0.31 (0.14)
	.013
	0.04 – 0.58

	Externalising problems
	0.05 (0.13)
	.344
	-0.20 – 0.31


Note. N=4,864. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, family income, ethnicity and maternal psychological distress. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.  


Supplementary Table S4 Association of high neighbourhood deprivation in childhood with self-reported mental health problems at age 17 years in the Millennium Cohort Study (MCS) among those who did not move residence between ages 14 and 17 years.
	
	Estimate (SD)
	p
	95% CI

	Total problems
	0.44 (0.22)
	.025
	0.00 – 0.87

	Internalising problems
	0.28 (0.14)
	.022
	0.01 – 0.55

	Externalising problems
	0.15 (0.13)
	.124
	-0.11 – 0.41


Note. N=4,871. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, family income, and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold. Participants who did not move house were identified on the basis of their home address being the same at age 14 and age 17.  
[bookmark: _Hlk164157802]Supplementary Table S5 Association of average childhood IMD (higher IMD = less deprived) with self-reported mental health problems at age 17 years.
	
	Estimate (SD)
	p
	95% CI

	Total problems
	-0.48 (0.12)
	<.001
	-0.72 – -0.24

	Internalising problems
	-0.28 (0.08)
	<.001
	-0.43 – -0.13

	Externalising problems
	-0.20 (0.07)
	.002
	-0.34 – -0.06


Note. N=5,422. CI = credible intervals; IMD = Index of Multiple Deprivation; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, family income and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold. Note that the negative direction of effects is because a higher average IMD rank = less deprived.
  


[bookmark: _Hlk164157813]Supplementary Table S6 Association of high neighbourhood deprivation in childhood (< median IMD) with self-reported mental health problems at age 17 years.
	
	Estimate (SD)
	p
	95% CI

	Total problems
	0.83 (0.20)
	<.001
	0.45 – 1.22

	Internalising problems
	0.47 (0.12)
	<.001
	0.23 – 0.71

	Externalising problems
	0.36 (0.12)
	<.001
	0.13 – 0.59


Note. N=5,422. CI = credible intervals; IMD = Index of Multiple Deprivation; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, family income, and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.   
Supplementary Table S7 Association of high neighbourhood deprivation in childhood with self-reported mental health problems at age 17 years in the Millennium Cohort Study (MCS) stratified by biological sex.
	
	Males (n=2,596)
	Females (n=2,826)

	
	Estimate (SD)
	p
	95% CI
	Estimate (SD)
	p
	95% CI

	Total problems
	0.42 (0.30)
	.080
	-0.17 – 1.00
	0.50 (0.30)
	.050
	-0.10 – 1.08

	Internalising problems
	0.40 (0.18)
	.015
	0.04 – 0.74
	0.26 (0.19)
	.079
	-0.11 – 0.63

	Externalising problems
	0.03 (0.19)
	.493
	-0.35 – 0.39
	0.23 (0.17)
	.089
	-0.10 – 0.57


Note. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, family income and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<0.05) are highlighted in bold.  


[bookmark: _Hlk164157826] Supplementary Table S8 Association of high neighbourhood deprivation in childhood with parent-reported mental health problems at age 17 years in the Millennium Cohort Study (MCS).
	
	Estimate (SD)
	p
	95% CI

	Total problems
	1.28 (0.23)
	<.001
	0.84 – 1.72

	Internalising problems
	0.67 (0.14)
	<.001
	0.40 – 0.95

	Externalising problems
	0.61 (0.13)
	<.001
	0.36 – 0.85


Note. N=5,011. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, family income and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.   


[bookmark: _Hlk164157832][bookmark: _Hlk159247173]Supplementary Table S9 Main effects for putative protective factors and interactions with high neighbourhood deprivation in association with self-reported total problems at age 17 years in the Millennium Cohort Study (MCS).
	
	N
	Estimate (SD)
	p
	95% CI

	Male sex 
	5,422
	-1.31 (0.17)
	<.001
	-1.65 – -0.98

	Male sex * high neighbourhood deprivation
	
	-0.31 (0.33)
	.180
	-0.96 – 0.33

	Temperament 
	5,304
	-0.03 (0.01)
	.012
	-0.06 – 0.00

	Temperament * high neighbourhood deprivation
	
	-0.02 (0.03)
	.243
	-0.07 – 0.03

	Self-esteem 
	5,271
	-0.50 (0.04)
	<.001
	-0.57 – -0.42

	Self-esteem * high neighbourhood deprivation
	
	-0.03 (0.07)
	.339
	-0.18 – 0.11

	Parent-child relationship
	4,873
	-0.09 (0.01)
	<.001
	-0.11 – -0.06

	Parent-child relationship * high neighbourhood deprivation 
	
	-0.02 (0.03)
	.190
	-0.08 – 0.03

	Parental knowledge 
	5,318
	-0.43 (0.05)
	<.001
	-0.52 – -0.33

	Parental knowledge * high neighbourhood deprivation
	
	0.01 (0.09)
	.462
	-0.17 – 0.19

	Social support 
	3,800
	-1.87 (0.08)
	<.001
	-2.03 – -1.71

	Social support * high neighbourhood deprivation
	
	0.07 (0.15)
	.319
	-0.23 – 0.38



Note. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, family income and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.  
Supplementary Table S10 Main effects for putative protective factors and interactions with high neighbourhood deprivation in association with self-reported internalising problems at age 17 years in the Millennium Cohort Study (MCS).
	
	N
	Estimate (SD)
	p
	95% CI

	Male sex 
	5,422
	-1.88 (0.10)
	<.001
	-2.09 – -1.68

	Male sex * high neighbourhood deprivation
	
	0.00 (0.20)
	.488
	-0.40 – 0.39

	Temperament 
	5,304
	-0.02 (0.01)
	.013
	-0.04 – -0.00

	Temperament * high neighbourhood deprivation
	
	-0.00 (0.02)
	.412
	-0.04 – 0.03

	Self-esteem 
	5,271
	-0.28 (0.03)
	<.001
	-0.33 – -0.23

	Self-esteem * high neighbourhood deprivation
	
	-0.08 (0.05)
	.045
	-0.17 – 0.01

	Parent-child relationship
	4,873
	-0.03 (0.01)
	<.001
	-0.05 – -0.02

	Parent-child relationship * high neighbourhood deprivation 
	
	-0.02 (0.02)
	.135
	-0.05 – 0.01

	Green space
	5,422
	-0.03 (0.03)
	.123
	-0.08 – 0.02

	Green space * high neighbourhood deprivation
	
	0.15 (0.06)
	.007
	0.03 – 0.27

	Social support 
	3,800
	-1.11 (0.05)
	<.001
	-1.21 – -1.01

	Social support * high neighbourhood deprivation
	
	0.05 (0.10)
	.307
	-0.14 – 0.25



Note. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, family income and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.  
[bookmark: _Hlk164157840][bookmark: _Hlk164157849][bookmark: _Hlk174807488]Supplementary Table S11 Associations between putative protective factors and age-17 parent-reported mental health problems among Millennium Cohort Study (MCS) participants exposed to high levels of neighbourhood deprivation during childhood.
	
	Total problems
	Internalising problems
	Externalising problems

	Putative protective factor
	N
	Estimate (SD)
	p
	95% CI
	N
	Estimate (SD)
	p
	95% CI
	N
	Estimate (SD)
	p
	95% CI

	Biological sex:
	1,338
	
	
	
	1,342
	
	
	
	1,342
	
	
	

	   Female 
	
	[reference category]
	
	[reference category]
	
	-0.58 (0.19)
	.001
	-0.95 – -0.21 

	   Male
	
	-0.15 (0.34)
	.326
	-0.81 – 0.52
	
	-0.72 (0.19)
	<.001
	-1.09 – -0.36
	
	[reference category]

	Temperament
	1,226
	-0.13 (0.03)
	<.001
	-0.18 – -0.08
	1,268
	-0.07 (0.02)
	<.001
	-0.10 – -0.04
	1,270
	-0.06 (0.02)
	<.001
	-0.09 – -0.03

	Self-esteem
	1,288
	-0.38 (0.08)
	<.001
	-0.54 – -0.23
	1,292
	-0.24 (0.04)
	<.001
	-0.33 – -0.15
	1,292
	-0.15 (0.04)
	<.001
	-0.23 – -0.06

	Cognitive skills:
	
	
	
	
	
	
	
	
	
	
	
	

	   Picture similarity
	1,335
	-0.05 (0.02)
	.001
	-0.08 – -0.02
	1,339
	-0.02 (0.01)
	.017
	-0.04 – -0.00
	1,339
	-0.03 (0.01)
	<.001
	-0.05 – -0.01

	   Pattern construction
	1,335
	-0.08 (0.02)
	<.001
	-0.11 – -0.05
	1,335
	-0.04 (0.01)
	<.001
	-0.05 – -0.02
	1,339
	-0.04 (0.01)
	<.001
	-0.06 – -0.03

	   Vocabulary
	1,338
	-0.06 (0.02)
	<.001
	-0.10 – -0.03
	1,342
	-0.02 (0.01)
	.020
	-0.04 – -0.00
	1,342
	-0.04 (0.01)
	<.001
	-0.06 – -0.03

	Parental knowledge
	1,305
	-0.48 (0.09)
	<.001
	-0.64 – -0.30
	1,309
	-0.09 (0.05)
	.034
	-0.19 – 0.01
	1,309
	-0.39 (0.05)
	<.001
	-0.48 – -0.29

	Parent-child relationship
	1,059
	-0.23 (0.02)
	<.001
	-0.27 – -0.18
	1,060
	-0.10 (0.01)
	<.001
	-0.13 – -0.07
	1,060
	-0.13 (0.01)
	<.001
	-0.15 – -0.10

	Green space
	1,338
	-0.09 (0.12)
	.215
	-0.33 – 0.14
	1,342
	0.01 
(0.07)
	.459
	-0.13 – 0.14
	1,342
	-0.10 (0.07)
	.065
	-0.23 – 0.03

	Social support
	842
	-1.18 (0.17)
	<.001
	-1.51 – -0.86
	845
	-0.68 (0.10)
	<.001
	-0.88 – -0.49
	846
	-0.51 (0.10)
	<.001
	-0.70 – -0.32

	High family income
	1,338
	-1.71 (0.66)
	.004
	-3.00 – -0.41
	1,342
	-0.68 (0.39)
	.038
	-1.43 – 0.08
	1,342
	-1.04 (0.39)
	.002
	-1.80 – -0.30



Note. Putative protective factors were tested individually, one at a time. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, ethnicity and family income. Models testing high family income were adjusted simultaneously for MCS sample stratification and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.  









Supplementary Table S12 Main effects for putative protective factors and interactions with high neighbourhood deprivation in association with parent-reported total problems at age 17 years in the Millennium Cohort Study (MCS).
	
	N
	Estimate (SD)
	p
	95% CI

	Temperament 
	4,912
	-0.06 (0.01)
	<.001
	-0.09 – -0.03

	Temperament * high neighbourhood deprivation
	
	-0.06 (0.03)
	.019
	-0.11 – -0.00

	Self-esteem 
	4,871
	-0.38 (0.04)
	<.001
	-0.46 – -0.30

	Self-esteem * high neighbourhood deprivation
	
	-0.01 (0.08)
	.464
	-0.17 – 0.15

	Picture similarity 
	4,999
	-0.04 (0.01)
	<.001
	-0.06 – -0.02

	Picture similarity * high neighbourhood deprivation
	
	-0.01 (0.02)
	.297
	-0.04 – 0.02

	Pattern construction
	5,001
	-0.09 (0.01)
	<.001
	-0.11 – -0.07

	Pattern construction * high neighbourhood deprivation
	
	0.02 (0.02)
	.183
	-0.02 – 0.05

	Vocabulary
	5,011
	-0.06 (0.01)
	<.001
	-0.28 – -0.04

	Vocabulary * high neighbourhood deprivation
	
	0.01 (0.02)
	.332
	-0.02 – 0.04

	Parental knowledge 
	4,918
	-0.25 (0.05)
	<.001
	-0.35 – -0.15

	Parental knowledge * high neighbourhood deprivation 
	
	-0.23 (0.09)
	.008
	-0.42 – -0.04

	Parent-child relationship
	4,533
	-0.19 (0.01)
	<.001
	-0.22 – -0.17

	Parent-child relationship * high neighbourhood deprivation 
	
	-0.03 (0.03)
	.134
	-0.08 – 0.02

	Social support 
	3,545
	-0.84 (0.09)
	<.001
	-1.02 – -0.66

	Social support * high neighbourhood deprivation
	
	-0.34 (0.18)
	.028
	-0.68 – 0.01

	High family income
	5,011
	-1.50 (0.20)
	<.001
	-1.90 – -1.11

	High family income * high neighbourhood deprivation 
	
	-0.22 (0.64)
	.363
	-1.48 – 1.04



Note. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, ethnicity and family income. Models testing high family income were adjusted simultaneously for MCS sample stratification and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.  
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Supplementary Table S13 Main effects for putative protective factors and interactions with high neighbourhood deprivation in association with parent-reported externalising problems at age 17 years in the Millennium Cohort Study (MCS).
	
	N
	Estimate (SD)
	p
	95% CI

	Female sex
	5,018
	-0.86 (0.10)
	<.001
	-1.06 - -0.65

	Female sex * high neighbourhood deprivation
	
	0.27 (0.20)
	.090
	-0.12 – 0.65

	Temperament 
	4,919
	-0.02 (0.01)
	.040
	-0.03 – 0.00

	Temperament * high neighbourhood deprivation
	
	-0.04 (0.02)
	.008
	-0.07 - -0.01

	Self-esteem 
	4878
	-0.15 (0.02)
	<.001
	-0.19 - -0.10

	Self-esteem * high neighbourhood deprivation
	
	-0.01 (0.05)
	.451
	-0.10 – 0.09

	Picture similarity 
	5,006
	-0.03 (0.01)
	<.001
	-0.04 – -0.02

	Picture similarity * high neighbourhood deprivation
	
	-0.00 (0.01)
	.362
	-0.02 – 0.02

	Pattern construction
	5,008
	-0.05 (0.01)
	<.001
	-0.06 - -0.04

	Pattern construction * high neighbourhood deprivation
	
	0.01 (0.01)
	.210
	-0.01 – 0.03

	Vocabulary
	5,018
	-0.04 (0.01)
	<.001
	-0.05 - -0.03

	Vocabulary * high neighbourhood deprivation
	
	-0.00 (0.01)
	.372
	-0.02 – 0.01

	Parental knowledge 
	4,925
	-0.30 (0.03)
	<.001
	-0.35 - -0.24

	Parental knowledge * high neighbourhood deprivation 
	
	-0.09 (0.05)
	.039
	-0.19 – 0.01

	Parent-child relationship
	4,537
	-0.11 (0.01)
	<.001
	-0.12 - -0.09

	Parent-child relationship * high neighbourhood deprivation 
	
	-0.02 (0.01)
	.059
	-0.05 – 0.01

	Social support 
	3,549
	-0.35 (0.05)
	<.001
	-0.45 – -0.26

	Social support * high neighbourhood deprivation
	
	-0.16 (0.10)
	.042
	-0.36 – 0.02

	High family income
	5,018
	-0.74 (0.11)
	<.001
	-0.97 – -0.53

	High family income * high neighbourhood deprivation
	
	-0.29 (0.37)
	.218
	-0.10 – 0.43



Note. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, ethnicity and family income. Models testing high family income were adjusted simultaneously for MCS sample stratification and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.  






[bookmark: _Hlk174807204]Supplementary Table S14 Main effects for putative protective factors and interactions with high neighbourhood deprivation in association with parent-reported internalising problems at age 17 years in the Millennium Cohort Study (MCS).
	
	N
	Estimate (SD)
	p
	95% CI

	Male sex
	5,017
	-0.75 (0.11)
	<.001
	-0.97 – -0.53

	Male sex * high neighbourhood deprivation
	
	0.03 (0.21)
	.447
	-0.39 – 0.44

	Temperament 
	4,916
	-0.04 (0.01)
	<.001
	-0.06 - -0.02

	Temperament * high neighbourhood deprivation
	
	-0.02 (0.02)
	.120
	-0.05 – 0.01

	Self-esteem 
	4,877
	-0.23 (0.03)
	<.001
	-0.29 – -0.18

	Self-esteem * high neighbourhood deprivation
	
	-0.01 (0.05)
	.454
	-0.10 – 0.09

	Picture similarity 
	5,005
	-0.01 (0.01)
	.028
	-0.02 – 0.00

	Picture similarity * high neighbourhood deprivation
	
	-0.01 (0.01)
	.275
	-0.03 – 0.01

	Pattern construction
	5,007
	-0.04 (0.01)
	<.001
	-0.05 – -0.03

	Pattern construction * high neighbourhood deprivation
	
	0.01 (0.01)
	.226
	-0.01 – 0.03

	Vocabulary
	5,017
	-0.02 (0.01)
	<.001
	-0.04 – -0.01

	Vocabulary * high neighbourhood deprivation
	
	0.01 (0.01)
	.126
	-0.01 – 0.03

	Parental knowledge 
	4,924
	0.04 (0.03)
	.086
	-0.02 – 0.11

	Parental knowledge * high neighbourhood deprivation 
	
	-0.14 (0.06)
	.010
	-0.25 – -0.02

	Parent-child relationship
	4,536
	-0.09 (0.01)
	<.001
	-0.10 – -0.07

	Parent-child relationship * high neighbourhood deprivation 
	
	-0.01 (0.02)
	.327
	-0.04 – 0.03

	Social support 
	3,549
	-0.50 (0.06)
	<.001
	-0.61 – -0.39

	Social support * high neighbourhood deprivation
	
	-0.18 (0.11)
	.061
	-0.40 – 0.05

	High family income
	5017
	-0.74 (0.12)
	<.001
	-0.98 – -0.50

	High family income * high neighbourhood deprivation
	
	0.07 (0.39)
	.436
	-0.68 – 0.84



Note. CI = credible intervals; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, ethnicity and family income. Models testing high family income were adjusted simultaneously for MCS sample stratification and ethnicity. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.  



[bookmark: _Hlk164157875]Supplementary Table S15 Associations of infant temperament, parental knowledge of child’s whereabouts, and social support with age-17 parent-reported mental health outcomes among MCS participants exposed and not exposed to high levels of neighbourhood deprivation during childhood.
	
	N
	Estimate (SD)
	p
	95% CI

	Total problems

	Temperament (exposed group)
	1,226
	-0.13 (0.03)
	<.001
	-0.18 – -0.08

	Temperament (non-exposed group)
	3,646
	-0.05 (0.01)
	.001
	-0.08 – -0.02

	Parental knowledge (exposed group)
	1,305
	-0.48 (0.09)
	<.001
	-0.64 – -0.30

	Parental knowledge (non-exposed group)
	3,613
	-0.25 (0.05)
	<.001
	-0.34 – -0.15

	Social support (exposed group)
	842
	-1.18 (0.17)
	<.001
	-1.51 – -0.86

	Social support (non-exposed group)
	2,703
	-0.82 (0.09)
	<.001
	-0.10 – -0.65

	Internalising problems

	Parental knowledge (exposed group)
	1,309
	-0.09 (0.05)
	.034
	-0.19 – 0.01

	Parental knowledge (non-exposed group)
	3,615
	0.05 (0.03)
	.071
	-0.02 – 0.11

	Externalising problems

	Temperament (exposed group)
	1,270
	-0.06 (0.02)
	<.001
	-0.09 – -0.03

	Temperament (non-exposed group)
	3,649
	-0.01 (0.01)
	.060
	-0.03 – 0.00

	Parental knowledge (exposed group)
	1,309
	-0.39 (0.05)
	<.001
	-0.48 – -0.29

	Parental knowledge (non-exposed group)
	3,616
	-0.30 (0.03)
	<.001
	-0.35 – -0.24

	Social support (exposed group)
	846
	-0.51 (0.10)
	<.001
	-0.70 – -0.32

	Social support (non-exposed group)
	2,703
	-0.34 (0.05)
	<.001
	-0.44 – -0.25


Note. CI = credible intervals; MCS = Millennium Cohort Study; SD = standard deviation. Models were adjusted simultaneously for MCS sample stratification, ethnicity and family income. p is a Bayesian 1-sided p-value. Statistically significant estimates (p<.05) are highlighted in bold.
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