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1. [bookmark: _Toc235802632]Study population 
The participants of this study are from the Avon Longitudinal Study of Parents and Children (ALSPAC), which followed pregnant women (and their newborns) resident in Avon, with expected delivery dates between April 1991 and December 1992 (Boyd et al., 2013; Fraser et al., 2013; Northstone et al., 2019; Northstone et al., 2023).
14,541 pregnancies were initially enrolled. Of these initial pregnancies, there were a total of 14,676 fetuses, resulting in 14,062 live births and 13,988 children who were alive at 1 year of age. Following an attempt to bolster the sample 7 years into the study, 906 new pregnancies were added to the study resulting in a total sample size of 15,447 pregnancies. Of these, 14,901 children were alive at 1 year of age. 
Detailed information can be found at the cohort website (www.bristol.ac.uk/alspacwww.bristol.ac.uk/alspac), including a searchable data dictionary and variable search tool: http://www.bristol.ac.uk/alspac/researchers/our-data/. 
Study data were collected and managed using REDCap electronic data capture tools hosted at the University of Bristol (Harris et al., 2009). REDCap (Research Electronic Data Capture) is a secure, web-based software platform designed to support data capture for research studies.
Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committees. Informed consent for the use of all data collected was obtained from participants following the recommendations of the ALSPAC Ethics and Law Committee at the time. Participants can contact the study team at any time to retrospectively withdraw consent for their data to be used. Study participation is voluntary and during all data collection sweeps, information was provided on the intended use of data. Specific details on the ethics committees and institutional review boards are available here: www.bristol.ac.uk/alspac/researchers/research-ethics/
ALSPAC contains detailed data on family, socioeconomic, and demographic factors before birth, as well as exposure to adversity, mental health outcomes, and education and employment status measured over multiple time-points in childhood, adolescence, and adulthood. 
The informed consent obtained from ALSPAC participants does not allow the data to be made available through any third party maintained public repository. Supporting data are available from ALSPAC on request under the approved proposal number B4807. Full instructions for applying for data access can be found here: http://www.bristol.ac.uk/alspac/researchers/access/. The ALSPAC study website contains details of all available data (http://www.bristol.ac.uk/alspac/researchers/our-data/).




2. [bookmark: _Toc235802633]Measures: Adverse Childhood Experiences (ACEs) and NEET 

Parental mental health problems were identified using the Edinburgh Postnatal Depression Scale (EPDS), as well as clinical diagnoses of schizophrenia or eating disorders, self-harm, attempted suicide, and receipt of treatment for depression or anxiety. Definitions for each of the ACEs are provided in Supplementary Table 2.1. 
Eight of the ten ACEs were available for all three stages; data on bullying and emotional neglect were only available for mid-childhood and adolescence, yielding 28 ACE variables in total. ACEs were assumed present if reported by the mother, her partner, or the child themselves. All early childhood ACEs were captured using prospective measures. In mid-childhood, physical abuse, emotional abuse, domestic violence, parental mental health problems, parent conviction, and parental divorce/separation were captured using both prospective and retrospective measures. All ACEs in adolescence were captured prospectively, except sexual abuse which was measured retrospectively when the grown child was age 22. ACE data collection timepoints are detailed in Supplementary Table 2.2.
Prevalences for each ACE were calculated using the number of participants with available data for each ACE at each timepoint, which varies across measures.

[bookmark: _Toc235802634]Table 2.1: Study definitions for ACEs
	[bookmark: _Hlk107321738]
	Definition
	Informant 
	Number of questionnaire items
	Retrospective questionnaire items

	Physical abuse
	Partner/mother was physically cruel to child.
Adult in family pushed, grabbed, shoved/smacked to discipline child. People in child's family hit them so hard that it left them with bruises or marks.
	Mother, partner
	36
	8

	Sexual abuse
	When growing up someone sexually abused child.
Touched in a sexual way by adult or older child, or was forced to touch adult or older child in a sexual way. Adult or older child forced, or attempted to force, child into any sexual activity by threatening or holding child down or hurting child in some way. 

	Mother, Child
	7
	2

	Emotional abuse 
	Partner/mother emotionally cruel to child. Adult in family shouted/ said hurtful or insulting things.
	Mother, partner
	37
	8

	Emotional neglect
	Carer knows who friends are.
Carer asks/starts conversation about free time/ what happened at school.
Carer takes time to listen when teenager talks about what happened in free time.
Discuss problems with anyone in their family.
Parent/carer talked about child’s experiences at school/ friends/ things that are troubling. Child feels left out of things.
Understood by parents.
When growing up there was someone to take respondent to the doctor if needed.
Someone in family made child feel important or special.
Carer knows what child does with other children.
	Mother, Child 
	19
	0

	Bullying
	Personal belongings stolen, threatened/blackmailed, hit/beaten up.
Do something didn't want to, told lies about child.
Friends tried to get teenager to do things didn’t want to / told lies about teenager.
Young person has been directly/relationally bullied. Child has been bullied.
Upset by name calling/exclusion from groups or bullying.
Someone threatened/blackmailed teenager.
	Child
	17
	0

	Parents violent towards each other
	Physically cruel.
Kicked, bitten or hit each other, twisted arm, throw body, beaten each other up, choke or strangle each other.
Threatened or used knife or other weapon on each other.
	Mother, partner 
	46
	4

	Household substance use
	Smoked cannabis.
Hard drug use or addiction (crack, heroin, amphetamine, opiate, cocaine, methadone, meth).
Alcoholism/drink problem. Alcohol Use Disorders Identification Test (AUDIT).

	Mother, partner 
	54
	0

	Parental mental health problems
	Parent hurt themselves on purpose or attempted suicide.
Taken medication for depression or anxiety.
Edinburgh Postnatal Depression Scale (EPDS). Diagnosis of schizophrenia, bulimia, anorexia nervosa. 
Hospital admission for psychiatric or mental health problems.
	Mother, partner, child 

	70
	4

	Parent convicted
	Court conviction/convicted of an offense.
	Mother, partner 
	23
	4

	Parental separation
	Separated/divorced. 
	Mother, partner 
	39
	9		











[bookmark: _Toc235802635]Table 2.2: ACE data collection timepoints 
Data were reported by mothers and their partners when children were 0-8 years, and children themselves and the mothers after the age of 8 years. 
	
	Early childhood
	Mid-childhood
	Adolescence

	Physical abuse
	8 months, 1, 2, 3, and 5 years
	9, and 11 years*
	11 years

	Emotional abuse
	8 weeks, 8 months, 1, 2, 3, and 5 years
	9, and 11 years*
	11 years

	Emotional neglect
	-
	8, and 9 years
	12, 13, 15, and 16 years

	Sexual abuse
	1, 2, 3, and 5 years
	9 years
	22 years* 

	Bullying
	-
	8, 8.5, and 10 years
	12, 15, and 16 years

	Domestic violence
	8 months, 1, 2, 3, and 5 years
	8, 9*, and 11* years
	11 years

	Parental mental health problems
	8 weeks, 8 months, 1, 2, 3, and 5 years
	8, 9*, 10, and 11* years
	11, 12, and 16 years

	Substance abuse
	8 weeks, 8 months, 1, 2, 3, and 5 years
	8, and 9 years
	11 years

	Parent conviction
	8 weeks, 8 months 1, 2, 3, and 5 years
	9, and 11 years*
	11, and 12 years

	Separation/divorce
	8 months, 1, 2, 3, and 5 years
	9, and 11 years*
	11 years

	
*Retrospective measure   




[bookmark: _Toc235802636]2.3: Deriving NEET status
At ages 17, 20, and 21, participants reported whether they were "currently in employment or doing any education or training", from which a binary NEET variable was derived. At later ages, participants were asked about their engagement in a range of activities including full- or part-time work, government training schemes, full-time education, self-employment, or other related activities. NEET status was defined as not participating in any of these.

3. [bookmark: _Toc235802637]Missing data

Missing data on ACEs was handled using Full Information Maximum Likelihood (FIML), utilising all available data from observed variables (Depaoli et al., 2025). FIML is well suited to LCA because it utilises all observed data to estimate class membership probabilities, without requiring complete cases or imputation of latent class indicators. Supplementary Tables 3.1-3.2 provide further detail on missing data for ACEs.
Supplementary Table 3.3 provides missingness rates for NEET status in the observed data. Using MICE enabled auxiliary variables to be incorporated into the imputation model, alongside all variables in the substantive model, to strengthen the missing-at-random (MAR) assumption. NEET status was imputed at each timepoint, and persistent NEET was then derived passively by combining imputed values across timepoints.
The imputation model included all variables from the substantive model (described under ‘Measures’ in the main text), as well as auxiliary variables selected to help strengthen the Missing-at-Random (MAR) assumption. The choice of auxiliary variables was informed by existing research on predictors of NEET status (Crowley et al., 2023), as well as their completeness and associations with NEET status in the observed data. Auxiliary variables included in the final imputation model were (binary variables unless otherwise stated): enjoyment of school (age 10); parents’ frequent absences from school (asked to parent retrospectively when their child age 11+); contact with social services (age 6); cognitive score (age 6; bespoke questionnaire with continuous score); perceived likelihood of going to university (age 13); depression diagnosis or symptoms (age 17); achieving at least one GCSE grade A*-C or not (age 18); and a long-term illness or disability (age 21).
To facilitate convergence of the imputation model, the confounder variables of mother’s highest educational qualification, housing status, household social class, and marital status were recoded into binary variables. For the same reason, parity was collapsed into three categories (0, 1, and 2+), and maternal age was excluded from the final imputation model. Sixty imputed datasets were generated separately by sex, with 20 burn-in iterations to improve imputation stability. The adequacy of the number of imputations was assessed by ensuring Monte Carlo errors were less than 10% of standard errors.


[bookmark: _Toc235802638]Table 3.1: Number of ACE variables missing per participant 

	Number of ACE variables missing (out of 28*)
	N = 8,851 (%)

	0 (complete cases) 
	1291 (14.6)

	1
	1597 (18.0)

	2
	1204 (13.6)

	3
	904 (10.2)

	4
	535 (6.0)

	5
	347 (3.9)

	6
	253 (2.9)

	7
	289 (3.3)

	8
	311 (3.5)

	9
	355 (4.0)

	10
	335 (3.8)

	11
	326 (3.7)

	12
	333 (3.8)

	13
	129 (1.5)

	14
	83 (0.9)

	15
	93 (1.1)

	16
	100 (1.1)

	17
	121 (1.4)

	18
	141 (1.6)

	19
	104 (1.2)


*One binary variable for each combination of the ten types of ACEs (e.g. physical abuse) and three time periods (e.g. early childhood), noting that there was no such variable for emotional neglect or bullying in early childhood (see Table 2.2 for more details).

[bookmark: _Toc235802639]Table 3.2: Missingness for each ACE
	ACE (age in years)
	% missing (n=8,851)

	Physical abuse (0-5)
	11.7

	Sexual abuse (0-5)
	0.7

	Emotional abuse (0-5)
	23.8

	Domestic violence (0-5)
	11.9

	Substance abuse (0-5)
	13.4

	Parental mental health (0-5)
	10.5

	Parental conviction (0-5)
	10.8

	Parental separation (0-5)
	12.4

	Physical abuse (6-10)
	23.4

	Emotional abuse (6-10)
	23.5

	Emotional neglect (6-10)
	8.2

	Bullying (6-10)
	22.2

	Domestic violence (6-10)
	32.1

	Substance abuse (6-10)
	28.9

	Parental mental health (6-10)
	20.0

	Parental conviction (6-10)
	23.2

	Parental separation (6-10)
	30.1

	Sexual abuse (6-10)
	15.4

	Physical abuse (11-16)
	<0.05

	Emotional abuse (11-16)
	<0.05

	Emotional neglect (11-16)
	41.7

	Bullying (11-16)
	<0.05

	Domestic violence (11-16)
	<0.05

	Substance abuse (11-16)
	61.7

	Parental mental health (11-16)
	<0.05

	Parental conviction (11-16)
	<0.05

	Parental separation (11-16)
	<0.05

	Sexual abuse (11-17)
	62.1





[bookmark: _Toc235802640]Table 3.3: Proportion of missing NEET status 
	Age (years)
	% missing NEET status (n=8,851)

	17
	56.4

	20
	58.6

	21
	67.3

	22
	62.5

	23
	62.3

	25
	62.2

	27
	57.3

	30
	60.9






[bookmark: _Toc235802641]4 .Latent class analysis

Based on a combination of model fit indices, including the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), Sample-Size Adjusted Bayesian Information Criterion (SSA-BIC), and the Lo-Mendell-Rubin likelihood ratio test (LMR-LRT), a five-class solution was selected. The AIC and SSA-BIC continued to decrease as the number of classes increased up to six classes, but the LMR-LRT provided no strong evidence that the six-class model improved fit compared to a five-class model (Supplementary Table 4.1). The average posterior probability of assignment to the most likely class was adequate (>0.70) for all five classes (Supplementary Table 4.2), with the minimum class size (based on model-estimated probabilities) being 3.4%.

[bookmark: _Toc235802642]Table 4.1: Model fit indices for latent class models 
	Number of Classes
	AIC 
	BIC
	SSA BIC
	LMR LRT p-value
	Entropy 

	2
	83875
	84279
	84098
	<0.0001
	0.66

	3
	83291
	83901
	83628
	<0.0001
	0.67

	4
	82913
	83728
	83363
	0.0001
	0.70

	5
	82708
	83728
	83271
	0.0001
	0.71

	6
	82585
	83811
	83261
	0.26
	0.72


AIC: Akaike’s Information Criterion
BIC: Bayesian Information Criterion
SSA BIC: Sample size adjusted BIC
LMR LRT: Lo-Mendell-Rubin Likelihood Ratio Test




[bookmark: _Toc235802643]Table 4.2: Average posterior probability of class assignment 
	
	Average posterior probability of being assigned to class

	Class assigned
	1
	2
	3
	4
	5

	 1
	0.880
	0.052
	0.050
	0.008
	0.010

	2
	0.126
	0.705
	0.065
	0.076
	0.028

	3
	0.127
	0.082
	0.728
	0.038
	0.024

	4
	0.026
	0.106
	0.041
	0.787
	0.040

	5
	0.048
	0.072
	0.041
	0.086
	0.754






[bookmark: _Toc235802644]Table 4.3: Probability of experiencing each ACE by latent class

	
ACE (age in years)
	Low ACEs
(proportion of participants = 66.2%)
	Early and mid-childhood household disharmony
(12.7%)
	Persistent parental mental health problems
(11.7%)
	Early childhood abuse and parental mental health problems
(6.0%)
	Mid-childhood and adolescence ACEs
(3.4%)

	Physical abuse (0-5)
	0.009
	0.066
	0.026
	0.547
	0.022

	Sexual abuse (0-5)
	<0.001
	0.008
	0.004
	0.001
	0.009

	Emotional abuse (0-5)
	0.041
	0.274
	0.121
	0.856
	0.092

	Domestic violence (0-5)
	0.009
	0.340
	0.030
	0.373
	0.125

	Substance abuse (0-5)
	0.028
	0.179
	0.073
	0.115
	0.061

	Parental mental health (0-5)
	0.179
	0.600
	0.649
	0.699
	0.308

	Parental conviction (0-5)
	0.030
	0.133
	0.043
	0.113
	0.036

	Parental separation (0-5)
	0.059
	0.634
	0.094
	0.317
	0.178

	Physical abuse (6-10)
	<0.001
	<0.001
	0.001
	0.127
	0.137

	Emotional abuse (6-10)
	0.007
	0.024
	0.027
	0.362
	0.550

	Emotional neglect (6-10)
	0.022
	0.058
	0.028
	0.040
	0.045

	Bullying (6-10)
	0.112
	0.209
	0.144
	0.148
	0.176

	Domestic violence (6-10)
	0.076
	0.339
	0.171
	0.491
	0.441

	Substance abuse (6-10)
	0.012
	0.095
	0.037
	0.079
	0.019

	Parental mental health (6-10)
	0.047
	0.206
	0.736
	0.371
	0.263

	Parental conviction (6-10)
	0.007
	0.018
	0.015
	0.034
	0.037

	Parental separation (6-10)
	0.030
	0.308
	0.090
	0.171
	0.594

	Sexual abuse (6-10)
	<0.001
	0.005
	<0.001
	<0.001
	<0.001

	Physical abuse (11-16)
	<0.001
	<0.001
	<0.001
	0.021
	0.043

	Emotional abuse (11-16)
	0.001
	0.004
	0.004
	0.127
	0.194

	Emotional neglect (11-16)
	0.146
	0.186
	0.135
	0.135
	0.245

	Bullying (11-16)
	0.099
	0.096
	0.132
	0.164
	0.107

	Domestic violence (11-16)
	<0.001
	0.005
	0.007
	0.037
	0.081

	Substance abuse (11-16)
	<0.001
	0.002
	0.005
	<0.001
	<0.001

	Parental mental health (11-16)
	0.026
	0.083
	0.425
	0.242
	0.192

	Parental conviction (1-16)
	0.003
	0.010
	0.003
	0.016
	0.014

	Parental separation (11-16)
	0.006
	0.028
	0.020
	0.037
	0.271

	Sexual abuse (11-17)
	0.050
	0.067
	0.086
	0.098
	0.065







5. [bookmark: _Toc235802645]Results


[bookmark: _Toc235802646]Table 5.1: Sample characteristics pooled across 60 imputed datasets

	
	Pooled proportions from imputed data 

	Sex:
	

	Male
	50.7

	Female 
	49.3

	Ethnicity:
	

	White
	96.0

	Non-white
	4.0

	Mother’s highest qualification:
	

	A-level/Degree
	40.5

	O-level or below
	59.5

	Housing status:
	

	Owned/mortgaged
	81.1

	Other
	18.9

	Household social class:
	

	Non-manual
	81.2

	Manual 
	18.8

	Marital status during pregnancy:
	

	1st marriage
	73.7

	Other
	26.3

	Parity
	

	0
	45.8

	1
	35.7

	2+
	18.5





[bookmark: _Toc235802647]Table 5.2: NEET prevalence in observed and imputed data 
	Age in years
(n in observed data)
	% of NEET in observed data 
	Pooled % of NEET in imputed data 

	17 (n=3,862)
	3.0 
	4.3

	20 (n=3,666)
	7.0 
	10.2

	21 (n=2,891)
	7.5 
	10.0

	22 (n=3,323)
	6.3
	8.5

	23 (n=3,341)
	6.9 
	8.6

	25 (n=3,348)
	5.9 
	7.4

	27 (n=3,774)
	6.5 
	7.9

	30 (n=3,464)
	5.8
	7.1


NEET = Not in Education, Employment or Training

[bookmark: _Toc235802648]Table 5.3: Pairwise breakdown of persistent NEET 
	Age combination 
	Prevalence of NEET at both timepoints across imputed data (%) 

	[bookmark: _Toc232081608]17 & 20
	[bookmark: _Toc232081609]1.1

	[bookmark: _Toc232081610]20 & 21
	[bookmark: _Toc232081611]4.3

	[bookmark: _Toc232081612]21 & 22
	[bookmark: _Toc232081613]3.4

	[bookmark: _Toc232081614]22 & 23
	[bookmark: _Toc232081615]3.5

	[bookmark: _Toc232081616]23 & 25
	[bookmark: _Toc232081617]3.5

	[bookmark: _Toc232081618]25 & 27
	[bookmark: _Toc232081619]3.4

	[bookmark: _Toc232081620]27 & 30
	[bookmark: _Toc232081621]3.5



The highest pairwise prevalence of NEET status (persistent NEET) was observed at ages 20 and 21, with 4.3% of participants classified as NEET at both ages across the imputed data. At later ages, pairwise NEET prevalence remained relatively stable (approximately 3.4–3.5%).




[bookmark: _Toc235802649]Table 5.4: Association between ACE classes and persistent NEET 
	Class (estimated class prevalence*)
	Unadjusted odds ratio for persistent NEET (95% CI)
	Adjusted odds ratio for persistent NEET (95% CI)

	Low ACEs (66.2%)
	Reference group
	Reference group

	Early childhood abuse and parental mental health (6.0%)
	2.05 (1.24,3.40)
	1.79 (1.07,3.00)

	Early and mid-childhood disharmony (12.8%)
	2.38 (1.56,3.65)
	1.50 (0.92,2.42)

	Mid-childhood and adolescence ACEs (3.4%)
	0.80 (0.21,3.07)
	0.69 (0.17,2.83)

	Persistent parental mental health (11.8%)
	1.76 (1.13,2.73)
	1.72 (1.11,2.66)


 *Based on modal probability of class membership
NEET = Not in Education, Employment or Training





[bookmark: _Toc235802650]Table 5.5: Association between ACE classes and NEET at age 20
	Class (estimated % assigned to class)
	Unadjusted odds ratio for NEET at age 20 (95% CI)
	Adjusted odds ratio for NEET at age 20 (95% CI)

	Low ACEs (66.2%)
	Reference group
	Reference group

	Early childhood abuse and parental mental health (6.0%)
	1.78 (0.96,3.28)
	1.60 (0.86,2.99)

	Early and mid-childhood disharmony (12.8%)
	2.82 (1.58,5.00)
	1.75 (0.93,3.29)

	Mid-childhood and adolescence ACEs (3.4%)
	3.07 (1.59,5.93)
	2.80 (1.39,5.64)

	Persistent parental mental health (11.8%)
	1.50 (0.86,2.62)
	1.53 (0.88,2.65)





6. [bookmark: _Toc235802651]Discussion
[bookmark: _Toc235802652]Figure 6.1: Directed Acyclic Graph (DAG) showing potential selection bias

[image: ]
This DAG illustrates the potential causal structure of variables examined in this study. The primary aim is to estimate the effect of ACE pattern (E) on persistent NEET status (O). Socioeconomic status (L) is a measured confounder that is assumed to influence both ACE exposure and NEET status and is therefore adjusted for in the analysis (indicated by the box surrounding L). Participants were included in the analysis sample only if sufficient ACE data were available to derive latent class membership. Consequently, the analysis conditions on selection into the study sample (S), represented by the box surrounding S. If selection is influenced by both ACE exposure and factors associated with subsequent NEET status, conditioning on S may induce selection bias. In particular, unmeasured factors (U) that affect both inclusion in the analysis sample and persistent NEET status could create a non-causal association between ACE exposure and NEET. This occurs because conditioning on selection opens the collider path , potentially biasing estimates of the association between ACE pattern and persistent NEET, even after adjustment for measured confounders such as socioeconomic status.

[bookmark: _Toc235802653]
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