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ALSPAC study information 

Pregnant women resident in Avon, UK with expected dates of delivery 1st April 1991 to 31st 

December 1992 were invited to take part in the study. The initial number of pregnancies 

enrolled is 14,541 (for these at least one questionnaire has been returned or a “Children in 

Focus” clinic had been attended by 19/07/99). Of these initial pregnancies, there was a total 

of 14,676 foetuses, resulting in 14,062 live births and 13,988 children who were alive at 1 year 

of age.  

 

When the oldest children were approximately 7 years of age, an attempt was made to bolster 

the initial sample with eligible cases who had failed to join the study originally. As a result, 

when considering variables collected from the age of seven onwards (and potentially 

abstracted from obstetric notes) there are data available for more than the 14,541 

pregnancies mentioned above. The number of new pregnancies not in the initial sample 

(known as Phase I enrolment) that are currently represented on the built files and reflecting 

enrolment status at the age of 24 is 913 (456, 262 and 195 recruited during Phases II, III and 

IV respectively), resulting in an additional 913 children being enrolled. The phases of 

enrolment are described in more detail in the cohort profile paper and its update (see 

footnote 4 below). The total sample size for analyses using any data collected after the age of 

seven is therefore 15,454 pregnancies, resulting in 15,589 foetuses. Of these 14,901 were 

alive at 1 year of age.  

 

A 10% sample of the ALSPAC cohort, known as the Children in Focus (CiF) group, attended 

clinics at the University of Bristol at various time intervals between 4 to 61 months of age. 

The CiF group were chosen at random from the last 6 months of ALSPAC births (1432 families 

attended at least one clinic). Excluded were those mothers who had moved out of the area 

or were lost to follow-up, and those partaking in another study of infant development in Avon. 

 



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 data collected via 

questionnaires and clinics was obtained from participants following the recommendations of 

the ALSPAC Ethics and Law Committee at the time. 

 

The study website contains details of all the data that is available through a fully searchable 

data dictionary and variable search tool (http://www.bristol.ac.uk/alspac/researchers/our-

data/). 

 

Imputation of missing questionnaire items 

SDQ subscale (ADHD, conduct problems, peer problems, emotional problems) questionnaires 

were discarded where >2 items were missing. In line with recommendations 

(www.sdqinfo.org) total subscale scores were derived using mean imputation for those with 

(≤2) of items missing. 

 

For the SCDC, questionnaires with >6 items missing were discarded. For those with ≤6 items 

missing, total scores were scaled by a factor of 12 / (12 – no. missing items): 

 

For the self-rated Autism Spectrum quotient (AQ), questionnaires with >10% of items missing 

were not used. Where between 1-5 items were missing, items were corrected as follows: 

corrected score=raw score x (50 / (50 – no. missing items). 

 

Calculation of Polygenic Scores 

Polygenic scores (PRS) were derived for 9,912 ALSPAC children who were genotyped using 

the Illumina HumanHap500-quad genotyping array. Individuals were excluded based on 

gender mismatches, minimal or excessive heterozygosity, genotype missingness (>3%), 

insufficient sample replication (IBD <0.8), non-European ancestry (assessed by 

multidimensional scaling analysis and compared with Hapmap II) and cryptic relatedness 

http://www.bristol.ac.uk/alspac/researchers/our-data
http://www.bristol.ac.uk/alspac/researchers/our-data
http://www.sdqinfo.org/


(IBD > 0.1). SNPs were excluded based on minor allele frequency (<1%), call rate (<95%) or 

evidence for violations of Hardy-Weinberg equilibrium (P < 5E-7). Imputation was conducted 

by the ALSPAC team using Impute V2.2.2 against the 1000 genomes reference panel (Phase 

1, Version 3: all polymorphic SNPs excluding singletons), using all 2,186 reference 

haplotypes (including non-Europeans). Best guess SNPs were subsequently filtered based on 

minor allele frequency (<1%) and imputation quality (INFO<0.8). 

 

Genome-wide association study (GWAS) summary statistics were filtered to remove SNPs 

that were palindromic, insertions/deletions, non-autosomal, INFO score <0.8, missing in N>1 

study and duplicates (https://github.com/CardiffMRCPathfinder/summaRygwasqc). PGS 

were generated for individuals in ALSPAC as the number of disorder risk alleles – defined 

using the GWAS summary statistics - weighted by effect size, using PRSice version 1.25 

(Euesden, Lewis & O'Reilly, 2015) for all PGS except Schizophrenia (Trubetskoy et al., 2022) 

which used the same methods but in PRSice version 2.35 (Choi & O'Reilly, 2019). SNPs were 

clumped with an R2 threshold of 0.1 and a distance threshold of 1000kb and excluding the 

extended major histocompatibility complex (MHC; chromosome 6: 26-33Mb) due to the 

high linkage disequilibrium (LD) within this region. PRS were generated using GWAS outlined 

in Supplementary Table 8, with risk alleles defined as those associated with case-status at 

p<0.05. ALSPAC was not included in any GWAS.  

 

Sex-stratified parallel-process growth mixture models 

We performed sex-stratified parallel-process GMM, using the same methodology as in the 

overall models. Model fits are shown in Supplementary Table 6 and 7. The best-fit classes 

for both male and female GMMs were less clear than in the overall analysis. For both males 

and females, model-fit (AIC, BIC and Entropy, shown in Supplementary Table 6 & 7) 

continued to improve with the addition of more classes. However, in females the LMR p-

value indicated the addition of a third class did not significantly improve the fit compared to 

the 2-class model (p=0.08). In males, the addition of a second class did improve model-fit 

compared to the single class trajectory model, however not significantly (p=0.10). Single and 

two-class trajectories for sex-stratified models are plotted in Supplementary Figures 4-7, 

where we see very similar patterns in males and females.  

 

https://github.com/CardiffMRCPathfinder/summaRygwasqc


Supplementary Tables 

Supplementary Table 1 - Sample size for association of variables with trajectory group 

analysis. 

Supplementary Table 2 – Correlation between each SDQ-ADHD and SCDC questionnaire 

timepoint. 

Supplementary Table 3 - Proportions of binary variables stratified by class (using DCAT in 

Mplus) with betas & ORs from bias-adjusted 3-step method in 

Mplus.  

Supplementary Table 4 - Mean ± SE of continuous variables stratified by trajectory class, 

with total and pairwise chi-squared tests, using BCH method in 

Mplus. 

Supplementary Table 5 - Definitions of binary variables where cut-points of continuous 

variables have been used. 

Supplementary Table 6 - Female only GMM model fits. 

Supplementary Table 7 - Male only GMM model fits. 

Supplementary Table 8 - Details of GWAS summary statistics used for PGS generation. 

 
 

See Supplementary_table.xls file for tables. 

 

  



Supplementary Figures 

 

 
 
Supplementary Figure 1 – Basic path diagram depicting the parallel process growth mixture 

model used for analysis of ADHD-autistic (ASD) traits. 
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Supplementary Figure 2 – Mean trajectories of 4-class GMM model. The blue line shows 

SDQ-ADHD subscale mean values and orange line shows SCDC mean values. Note trajectory 

classes 1-3 are similar to the 3-class model, with a low-stable, declining and late-emerging 

group. The fourth class shows persistent-high autistic and ADHD traits. For class sizes and 

model fit see Table 1 in the main text.  

 



 

 

Supplementary Figure 3 - Prevalence of associated features (±95% confidence intervals) by trajectory class. Proportions ±95% confidence 

intervals calculated using DCAT in Mplus, with the exception of variables with * which were estimated manually using most likely latent class 

membership.



 

Supplementary Figure 4 – Female-only 1-class GMM symptom trajectory.  

 

 

 

Supplementary Figure 5 – Female-only 2-class GMM symptom trajectories.  



Supplementary Figure 6 – Male-only 1-class GMM symptom trajectory. 

 

 

 

Supplementary Figure 7 – Male-only 2-class GMM symptom trajectories.  
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