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Objective of the study: 
 
Attention Deficit Hyperactivity Disorder (ADHD) is common, onsets in childhood, behaves as a 
continuous trait and is highly disruptive (Thapar & Cooper, 2016). Although previously considered 
as a condition limited to childhood, ADHD also affects adults. A growing body of research shows 
that there is heterogeneity in the developmental course of ADHD. For most children symptoms 
decline during adolescence but for about 65% of children symptoms remain persistent into 
adulthood (Faraone, Biederman & Mick, 2006). Intriguingly, recent evidence even suggests that 
some forms may emerge newly in adolescence (Caye et al., 2016). These findings highlight the need 
to investigate the natural history of ADHD into adulthood, in unselected population cohorts. We 
aim to harmonise data across five international population-based cohorts with repeated measures 
of ADHD and characterise the natural history of ADHD from age 4 to 45 years. 
 
 
Data analysis methods: 
 
We will use multi-level modelling (MLM) to estimate individual-specific and average trajectories of 
ADHD spanning age 4 to 45 years.  
We will start by fitting a growth model (two-level MLM) in ALSPAC (the Avon Longitudinal Study of 
Parents and Children) based on repeated parent-rated continuous trait measures (the Strengths 
and Difficulties Questionnaire) at 8 time-points spanning ages 4 to 26) (level 1: see Figure ) nested 
in participants (level 2). We will allow for individual variation in both initial levels of ADHD (random 
intercept) and the longitudinal pattern (random slope) and for differences by sex. Additional ADHD 
diagnosis derived from the Development and Well Being Assessment will be used to validate the 
obtained model. We will use structural equation modelling (SEM) to investigate the assumption 
that there is one underlying pattern of “growth” in SDQ. If evidence against this assumption is 
found, we will proceed with the best-fitting SEM. 
To the best-fitting model (SEM or MLM), we will add teacher- and self-rated ADHD symptoms (SDQ 
available at ages 7 and 11 years) as a level 0, which themselves will then be nested in age at 
assessment (level 1). Before incorporating   self-rated ADHD symptoms we will conduct an 

mailto:beate.leppert@bristol.ac.uk
mailto:RiglinL@cardiff.ac.uk


 2 

intensive comparison of parent- and self-rated measures in ALSPAC using age 26 data which will 
inform weights used for different informants.  The same approach will be used to derive cohort 
specific weights. 
We will harmonise the five cohorts (ALSPAC, Dunedin Study, E-risk, TEDS and Pelotas) into one 
dataset including ADHD measures from ages 4 to 45 years. ADHD measures will be standardised 
within each sample. 
We will then fit a model identical in form to the best-fitting ALSPAC model to the combined 
dataset. We will allow for additional variation between twins (TEDs and E-risk datasets) and 
cohorts. 
We will include all available data in our analyses under the assumption of missing at random 
(MAR). We will investigate patterns of missing data by investigating associations between 
missingness and variables with near-complete data (e.g. sex) and assumed confounding factors 
(e.g. socio-economic factors, education) and assess confounding by comparing differences in 
longitudinal patterns of ADHD and in patterns of missingness across cohorts. 
Analyses will be jointly conducted by Lucy Riglin at Cardiff University and Beate Leppert at the 
University of Bristol. Kate Tilling will be the statistical guarantor and Anita Thapar will also oversee 
the project as Principal Investigator of the collaborative grant funding this work.  
 

 
 
 
 
Variables needed at which ages: 
 
ADHD trait measures / diagnosis: 
 
Age 5: 
ADHD trait measure (Rutter checklist, parent and teacher rated) 
 
Age 7: 
ADHD trait measure (Rutter checklist, parent and teacher rated) 
 
Age 9: 
ADHD trait measure (Rutter checklist, parent and teacher rated) 
 
Age 11: 
ADHD trait measure (Rutter checklist, parent and teacher rated) 
ADHD diagnosis 
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ADHD self-rated trait measures (DISC) 
 
Age 13: 
ADHD trait measure (Rutter checklist, parent and teacher rated) 
ADHD diagnosis 
ADHD self-rated trait measures (DISC) 
 
Age 15: 
ADHD trait measure (Rutter checklist, parent rated) 
ADHD diagnosis 
ADHD self-rated trait measures (DISC) 
 
Age 38: 
ADHD items under consideration for DSM-5 in 2012 
ADHD diagnosis 
 
Age 45: 
ADHD items under consideration for DSM-5 in 2012 
ADHD diagnosis 
 
General: 
Any measures of ADHD taken twice (repeated) at the same assessment (including subsample), to 
assess measurement error 
 
(age at each measure) 
 
Supplementary data to assess comparability across cohorts (including patterns of missingness and 
confounding) : 
 
Phase 0 (Perinatal data): 

• Birthweight  
• Gestational age 
• Ethnicity 
• Child sex 
• Maternal and paternal age at delivery 
• Number of Previous Deliveries 
• Maternal and paternal educational attainment (Socio-Economic Status) 
• (Smoking during pregnancy) 
• Parity 

 
Other supplementary data at any age: {Note, the ones in italics are not feasible for Dunedin) 

• Other known diagnosis of psychiatric or other major disorder in the child or parents 
• Any complete data, e.g. from linked records or records at start of study 
• Child height (at any age – to assess comparability across samples) 
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• Child weight (at any age – to assess comparability across samples) 
• Child educational attainment  
• Child employment status 

 
 
Significance of the Study (for theory, research methods or clinical practice): 
 
Despite marked developmental change, normative ADHD trajectories have never been described 
before - unlike physical traits such as blood pressure (Wills et al., 2011). Describing normative 
patterns that span beyond adolescence and into adulthood is of particular clinical interest, as this is 
a period when patients move from child to adult services and it is not currently clear what level of 
ADHD symptoms are developmentally appropriate in adulthood. 
We will harmonise a very large dataset of approximately 20,000 participants from five international 
cohorts to characterise the natural history of ADHD.  
This will establish a platform for methods harmonisation and investigating ADHD across 
international population cohorts. 
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Data Security Agreement 
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Proposing Author                 Beate Leppert and Lucy Riglin 

Today’s Date 11.03.2019 

 
Please keep one copy for your records and return one to the PI Sponsor 
     Please initial your agreement  
 

BL,LR 
I am current on Human Subjects Training (CITI (www.citiprogram.org) or 
equivalent) 

BL,LR 
My project is covered by Duke or Otago ethics committee OR I have /will 
obtain ethical approval from my home institution. 

BL,LR 

I will treat all data as “restricted” and store in a secure fashion. 
My computer or laptop is: 
 a) encrypted (recommended programs are FileVault2 for Macs, and 
Bitlocker for Windows machines) 

 b) password-protected 
 c) configured to lock-out after 15 minutes of inactivity AND 
 d) has an antivirus client installed as well as being patched regularly. 

BL,LR I will not "sync" the data to a mobile device.  

BL,LR 

In the event that my laptop with data on it is lost, stolen or hacked, I will 
immediately contact Professor Moffitt or Caspi. (919-684-6758, tem11@duke.edu, 
ac115@duke.edu)  

BL,LR 
I will not share the data with anyone, including my students or other 
collaborators not specifically listed on this concept paper. 

BL,LR 

 
I will not post data online or submit the data file to a journal for them to post. 
 
Some journals are now requesting the data file as part of the manuscript 
submission process. The Dunedin Study Members have not given informed 
consent for unrestricted open access, so we have a managed-access 
process. Speak to Terrie or Avshalom for strategies for achieving compliance 
with data-sharing policies of journals. 

BL,LR 

I will delete all data files from my computer after the project is complete. 
Collaborators and trainees may not take a data file away from the office. 
 
 The data remains the property of the Study and cannot be used for further 
analyses without an approved concept paper for new analyses. 

                                         
 
Signature:    ____________________________________  
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