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Abstract
The association between restricted fetal growth and symptoms of attention deficit/hyperactivity disorder (ADHD) in childhood 
is well-replicated and robust. However, fetal growth is determined by many prenatal factors and associations with mental 
health may be confounded by familial and social context. In this study, we sought to quantify the relative contributions of 
prenatal factors and familial confounds to the association between fetal growth and ADHD symptoms. Two independent 
cohorts were analyzed, the Adolescent Brain Cognitive Development study (ABCD; United States) and the Growing Up 
in Ireland (GUI) study. ADHD symptoms were measured by the Child Behavior Checklist (ABCD) and the Strengths & 
Difficulties questionnaire (GUI) at age 9–10. Using sequential regression models, we assessed the change-in-association 
between fetal growth and ADHD symptoms after controlling for sex, familial factors (socioeconomic/demographic factors 
& family psychiatric history) and prenatal factors (pregnancy complications & maternal substance-use during pregnancy). 
Converging findings from cohorts suggested that over a quarter of the association between fetal growth and ADHD symptoms 
is attributable to familial confounds. The degree to which the association was explained by prenatal factors differed by 
cohort—pregnancy complications explained a larger proportion of the effect in ABCD (7.9%) than GUI (2.7%), and maternal 
substance-use explained a larger proportion of the effect in GUI (22.7%) compared to ABCD (4.8%). Different explanations of 
the fetal growth-ADHD association across cohorts suggests cohort-specific, and potentially nationally-specific, risk factors for 
fetal growth and related neurodevelopmental outcomes. The evidence suggests early prevention of ADHD in Ireland should 
focus on minimizing maternal smoking during pregnancy. In the US, prevention and treatment of pregnancy complications 
are highlighted as viable targets for intervention.
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Introduction

Well established risk factors for childhood attention-deficit 
hyperactivity disorder (ADHD) include genetic/familial 
susceptibility to ADHD, male sex, and restricted fetal growth 
(Thapar et al., 2013). As a partially environmentally-determined 

characteristic, fetal growth may be the most amenable to 
intervention. However, it is not currently understood which 
fetal growth determinant best explains the association between 
restricted fetal growth and ADHD symptoms.

Birth weight is a crude approximation of the quality of 
fetal growth. If an infant’s weight is appropriate for their 
gestational age, we could assume that their fetal growth rate 
was typical. The association between lower birth weight and 
attention problems in childhood has been replicated many 
times, in many populations (meta-analyses: Franz et al., 
2018; Momany et  al., 2018). Lower birth weights, even 
among those born at full term, are linked with an elevated 
risk of ADHD and academic difficulties (Class et al., 2014; 
Groen-Blokhuis et al., 2011; Hultman et al., 2007; Momany 
et al., 2018). Within-twin and within-sibling studies suggest 
that the association may be independent from genetics and 
other familial factors (Class et al., 2014; Ficks et al., 2013; 
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Groen-Blokhuis et  al., 2011; Hultman et  al., 2007; Lim 
et al., 2018; Pettersson et al., 2015). Experimentally-induced 
fetal growth restriction in animals has also been shown to 
influence neurodevelopment and behavior (Lauritz et al., 
2012; Meyer et al., 2014). It has therefore been proposed 
that poor fetal growth is an independent causal factor in the 
development of ADHD. The replicable association between 
birth weight and ADHD symptoms in twins also shows 
that, despite experiencing the same prenatal exposures (e.g., 
maternal smoking), twin differences in fetal growth can occur 
and it is this that predicts differences in childhood ADHD 
symptoms. Large-scale studies of singleton births are needed 
to understand which prenatal factors contribute to restricted 
fetal growth, and which account for the association between 
fetal growth and ADHD symptoms on a population level.

The fetal origins hypothesis (and more recently the 
Developmental Origins of Health and Disease hypothesis) 
posits that conditions in utero can permanently program 
certain aspects of the child’s physiology, explaining 
why lower birth weights may be causally related to 
neurodevelopmental issues. However, fetal growth rate and 
birth weight are the products of many prenatal and pre-
pregnancy factors such as maternal malnutrition, smoking, 
drug-use, certain medications, parental age and pregnancy/
gestational complications (Budree et al., 2017; Heaman 
et al., 2013; McCowan & Horgan, 2009), several of which 
are also directly associated with subsequent mental health 
of the child (He et al., 2020; Smith et al., 2016). Proposed 
mechanisms to explain how prenatal risk factors such as 
maternal smoking and gestational infection directly impact 
neurodevelopment have included: lack of oxygen and blood 
to the fetus leading to altered gene expression (Smith et al., 
2016), neurotransmitter function (Laplante et al., 2012), and 
activation of immune and inflammatory processes (Meyer 
et al., 2009; Mirza et al., 2015). It may be that birth weight 
is a convenient proxy for such direct effects of fetal adversity 
on neurodevelopment. In this study, we quantify the extent 
to which the association between fetal growth and ADHD 
symptoms are explained by prenatal determinants of fetal 
growth. We are particularly interested in the contribution of 
modifiable prenatal factors such as maternal substance-use in 
pregnancy. Understanding the extent to which the association 
is modifiable will help establish the viability of prenatal 
interventions.

Familial background is a major source of confounding 
in the theoretically causal pathway between prenatal 
adversity, lower birth weight and childhood mental health 
problems. For instance young maternal age is linked with 
both low birth weights (Aras, 2013) and increased ADHD 
disruptive behaviours in the child (Tearne, 2015). Household 
socioeconomics, often exemplified by income and education 
level, has also shown strong links with both reduced birth 
weight (Madden, 2014; Martinson & Reichman, 2016) and 

ADHD risk (Russell et al., 2016). That said, the association 
between birth weight and ADHD symptoms typically survives 
correction for familial socioeconomic factors (Abel et al., 
2010; Class et al., 2014; Lærum et al., 2017; Pettersson et al., 
2019). Low birth weight and ADHD are also not randomly 
distributed across racial, ethnic or migrant groups. Black 
women born in the US are more likely to have a low birth 
weight/preterm child than any other race/ethnicity even after 
controlling for income and educational attainment, though 
other unmeasured inequalities cannot be ruled out (Catov et al., 
2015; Giscombé & Lobel, 2005). Family psychiatric history is 
also relevant to both low birth weight and ADHD via several 
plausible pathways. It captures genetic susceptibility to ADHD 
(Thapar et al., 2013), but psychiatric issues in the mother may 
also affect fetal growth via increased stress (Mongan et al., 
2019; Wadhwa et al., 2011), and problematic behaviors and 
coping styles may also be socially learned. Demographic/
socioeconomic factors and family psychiatric history should 
therefore be controlled for when assessing the effect of fetal 
growth on ADHD symptoms.

No study to our knowledge has assessed the extent to 
which the association between fetal growth and ADHD 
symptoms is explained by preceding prenatal factors. This is 
important information because fetal growth, estimated from 
weight and age at birth, is not in itself a modifiable factor. 
Understanding which prenatal factors and to what extent 
they contribute to the association between fetal growth and 
ADHD symptoms may help identify prenatal targets for 
preventative interventions. Similarly, but not equivalently, 
studies have used prenatal factors to directly predict ADHD 
diagnosis, where the goal is predictive accuracy rather than 
explanation (Huhdanpaa et al., 2021; Schwenke et al., 2018; 
Sciberras et al., 2011; Silva et al., 2014; Willoughby et al., 
2020). Other research has assessed the effect of birth weight 
on ADHD symptoms after adjustment for prenatal factors, 
however the focus of those studies is generally on the final, 
fully adjusted, birth weight effect, and not on how it changes 
due to the addition of each type of explanatory factor 
(Murray et al., 2016; Silva et al., 2014; Wiles et al., 2006). 
This study attempts to disentangle potentially confounding 
factors such as familial income and psychiatric history, and 
prenatal factors, which temporally precede fetal growth and 
may explain its effects.

Several other aspects of our study design differentiate 
it from the existing literature. First, we use a continuous 
parent-reported scale as our outcome, rather than binary 
ADHD diagnosis, or a cut-off corresponding to clinical 
risk, which have typically been the outcomes of choice 
when assessing prenatal predictors. While diagnosis can be 
clinically informative, subjective symptom scales can offer 
greater sensitivity to smaller effects. This may be particularly 
important given that low birth weight has been associated 
with ADHD symptom shifts within the sub-clinical range 
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(Milberger et al., 1997; Murray et al., 2016, 2021). Second, 
unlike studies which assess one risk factor in isolation (e.g., 
maternal smoking), our data includes an array of pregnancy 
complications and substances consumed by the mother, 
allowing us to assess independence of their effects. Finally, 
our study uses two independent population-based cohorts 
of children (both aged 9–10), one from the United States 
(Adolescent Brain Cognitive Development Study; ABCD; 
N = 8,358) and one from Ireland (Growing Up in Ireland 
study; GUI; N = 7,724) to test replicability of findings. Meta-
analytic findings suggested the association between birth 
weight and ADHD symptoms was significantly moderated by 
geographic region suggesting that context may be important 
when considering this particular association (Momany et al., 
2018). Parallel analysis in two nationally-representative 
samples may help disentangle generalizable from context-
specific explanations for the association between fetal growth 
and ADHD symptoms.

Aims of the Study

1. Quantify the extent to which (i) familial confounds and 
(ii) prenatal factors account for the association between 
birth weight and childhood ADHD symptoms

2. Assess the cohort-generalizability of these findings.

Material and Methods

Participants

ABCD (United States)

The Adolescent Brain Cognitive Development (ABCD) 
Study (abcds tudy. org) is an ongoing longitudinal study 
of over 10,000 children born 2007–2009 and recruited 
from 22 sites across the United States. The ABCD sample 
was designed to mirror US population demographics by 
recruiting through geographically, demographically, and 
socioeconomically diverse school systems surrounding 
each of the research sites. A stratified probability sample 
of schools was selected for each site based on sex, race/
ethnicity, socioeconomic status, and urbanicity to minimize 
systematic sampling biases in recruitment at the school 
level (Garavan et al., 2018). We included baseline data only 
(release 3.0) which assesses the children aged 9–10 (referred 
to as 9 for simplicity). All data, including details about the 
pregnancy and birth, was provided retrospectively at this 
time point. In cases where 2 or more children from the same 
household were included, we included only the eldest to 
ensure independence of observations. Our final dataset from 

ABCD included 8,835 singleton-born children with outcome 
data (mean age = 119  months [9  years & 11  months], 
SD = 7 months). The University of California at San Diego 
(San Diego, CA, 208 USA) Institutional Review Board was 
responsible for the ethical oversight of the ABCD study. 
ABCD data can be accessed by application to the NIMH 
Data Archive (NDA) Repository (ndar. nih. gov). The data 
used in this report was drawn from Release 3.0 and will be 
available on the NDA (https:// doi. org/ 10. 15154/ 15247 34).

GUI (Ireland)

The Growing Up in Ireland (GUI) study (growi ngup. ie) 
is an ongoing longitudinal study of over 10,000 children 
born between December 2007 and June 2008 inclusive. 
Children were sampled from the Child Benefit Register and 
stratified by marital status, county of residence, nationality 
and number of children in household to achieve national 
representativeness (Quail et  al., 2011). Thornton et  al. 
(2013) showed that the proportions of unemployed parents, 
non-nationals, specific maternal age groups, and parental 
education levels in the baseline GUI sample approximated 
those in the Irish population  during those years. Data 
collection began at 9 months of age, with follow-ups at ages 
3, 5, 7 and 9 years. We used the 9-month data for information 
surrounding the pregnancy/birth and socioeconomic factors 
in the household and the 9-year data to assess ADHD 
symptoms. For consistency with ABCD, socioeconomic 
factors such as income and parental education were extracted 
from the 9-year data. Our final dataset from GUI included 
7,724 singleton-born children with outcome data (mean 
age = 113 months [9 years & 5 months], SD = 2 months). 
Ethical approval for GUI was granted by the research ethics 
committee of the Health Research Board in Ireland. Results 
in this report are based on analyses of data from the Research 
Microdata Files. This data is not publicly available but is 
available to researchers affiliated with an Irish institution  
via application to the Central Statistics Office (see  
growi ngup. ie).

For both data sets, the respondent of interviews and 
questionnaires was most often the mother (ABCD: 85%; 
GUI: 97%).

Cohort Comparison

Cohorts differed in several ways making it inappropriate to 
merge them. First, ADHD symptoms were measured using 
two different tools (CBCL & SDQ). Second, information 
about the pregnancy and birth were recorded 9 months post-
partum in GUI and 9 years post-partum in ABCD. Third, 
some variables had slightly different definitions across 
cohorts (e.g., family psychiatric history; Table S7).

https://www.abcdstudy.org
https://www.ndar.nih.gov
https://doi.org/10.15154/1524734
https://www.growingup.ie
https://www.growingup.ie
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Ethical approval for the secondary analysis of both 
datasets was granted by the Research Ethics Committee of 
the Royal College of Surgeons in Ireland.

Measures

ADHD Symptoms

The attention problems subscale of the Child Behavior 
Checklist (CBCL; Achenbach & Rescorla, 2001) was 
used in ABCD. This parent-rated questionnaire contains 
119 items in total, 10 of which reflect attention problems. 
Items are rated on a 3-point Likert scale (0 = not at all true; 
1 = somewhat true; 2 = very true). The attention problems 
scale reflects both inattention and hyperactivity symptoms 
and ranges from 0–20. Meta-analysis shows that this scale 
can discriminate ADHD cases and controls with moderate 
accuracy (AUC = 0.82; Chang et al., 2016).

In GUI, the hyperactivity scale from the Strengths and 
Difficulties Questionnaire was used  (SDQ; Goodman, 
1997), which is also parent-rated with each item scored 
on a 3-point Likert scale (0 = not true; 1 = somewhat true; 
3 = certainly true). The SDQ contains 25 items, 5 of which 
form a hyperactivity score. Despite the name, items probe 
inattention (2), hyperactivity (2) and impulsivity (1). A 
review of 8 studies showed this scale can discriminate 
ADHD cases and controls with high accuracy (AUC = 0.90, 
range = 0.76–0.97; Stone et al., 2010).

The parent-reported CBCL and SDQ attention/
hyperactivity problem scales are highly correlated (r ~ 0.68; 
Koskelainen et al., 2000; Stone et al., 2010). Items used to 
form each scale are provided in Table S1. Raw scores were 
used rather than T-scores allowing greater precision as 
they are not truncated, an approach which is advocated by 
Achenbach and Rescorla (2001) for research in non-clinical 
settings.

Both scales were log-transformed for analysis due to 
positive skew.

Fetal Growth

Fetal growth was calculated as the difference between an 
individual’s birth weight (in kilograms) and the average birth 
weight for their gestational age (in weeks). It is therefore 
a measure of deviance from the average birth weight for 
a given gestational age. Fetal growth was used instead of 
raw birth weight as several studies suggest that the fetal 
growth  rate is the aspect of birth weight most strongly 
linked with ADHD symptoms (Groen-Blokhuis et al., 2011; 
Momany et al., 2018; Pettersson et al., 2015).

In ABCD, gestational age was not recorded for births 
after gestational week 40. Therefore, fetal growth does not 

account for post-term growth in this cohort. Birth weight was 
originally reported in pounds and ounces in ABCD, which 
was converted kilograms. Where pounds were reported 
whilst ounces were not birth weight was calculated to the 
nearest kg using pounds alone. Values which were unlikely 
to reflect true birth weight (e.g. ounces only) were removed. 
Birth information was reported retrospectively at age 9–10 
in ABCD, however agreement between medical records and 
retrospective maternal report of exact birth weight has been 
shown to be strong (Rice et al., 2007).

Familial Factors

Socioeconomics & Demographics

Five socioeconomic & demographic factors were included: 
race/ethnicity, maternal age, household income, parental 
education  level and single parenthood. Race/ethnicity 
groups differed by cohort with 5 available in ABCD and 
4 available in GUI (Table 1). “Other/mixed” race/ethnicity 
was not included in GUI analysis due to small group size 
(n = 29). Maternal age at birth was recorded retrospectively 
in ABCD while GUI asked the mother’s age at time of first 
assessment at 9 months postpartum. Household income in 
ABCD was a choice of 10 income brackets from < $5000 
to $200,000 + and reflects income from all sources before 
deductions. In GUI, income reflected that from all sources, 
after tax and social insurance, divided by the number of 
people in the household, and split into deciles. Parental 
education refers to the education level of the parent with the 
highest level. Educational levels were binned into 5 levels 
for both cohorts reflecting (1) incomplete schooling (before 
completion of secondary/high school); (2) school complete 
(e.g. Leaving Certificate, high school degree, GED); (3) 
sub-Bachelor qualification (e.g. non-degree certificate, 
associate degree); (4) Bachelor or Professional degree; (5) 
Postgraduate degree, diploma or certificate. In ABCD, dual-
parenthood was defined as the presence of a partner to the 
primary caregiver who was involved in 40% or more of the 
child’s daily activities. In GUI, dual-parenthood was defined 
by spouse/partner to the primary caregiver who was resident 
in the home. Income, education and single-parenthood were 
recorded at the time of ADHD symptom assessment (age 9).

Family Psychiatric History

Parental depression/anxiety was defined as at least one 
parent having ever suffered from depression, nerves or 
nervous breakdown (ABCD), or at least one parent having 
ever been treated for clinical depression, anxiety, nerves 
or phobias (GUI). Parental conduct issues in ABCD were 
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Table 1  Descriptive statistics for all variables used in analysis from both cohorts

a Maternal age in GUI refers to age at 9 months postpartum
b See Table S7 for specific definition of family psychiatric history variables
c Specifically defined as nausea and vomiting beyond 6th month or accompanied by weight loss
d ABCD drug-use refers to any non-prescription drug; GUI drug-use refers specifically to use of marijuana/cannabis, heroin/methadone/crack/
cocaine, or amphetamines/other stimulants

ABCD (United States; N = 8,835) GUI (Ireland; N = 7,724)

Attention-deficit/Hyperactivity Symptoms
CBCL “attention problems” M = 3.15, SD = 3.58

(range: 0–19)
SDQ “hyperactivity difficulties” M = 3.06, SD = 2.58

(range: 0–10)
Child age (months) M = 119, SD = 7

(range: 108–131)
Child age (months) M = 113, SD = 2

(range: 111–120)

Birth Data
Fetal Growth M = 0.0, SD = 0.5

(range: -2.3—2.5)
Fetal Growth M = 0.0, SD = 0.5

(range: -2.9—4.3)
Sex 53% male (n = 4,675) Sex 50% male (n = 3,883)

Demographics & Socioeconomics
Race/Ethnicity of child 49% White (n = 4,334) Race/Ethnicity of mother 85% White Irish (n = 6,517)

23% Hispanic (n = 1,985) 10% White non-Irish (n = 802)
15% Black (n = 1,348) 2% African or Black (n = 187)
3% Asian (n = 225) 2% Asian (n = 171)
11% Other (n = 932) 0.4% Other/Mixed (n = 29)

Maternal age (years) M = 29, SD = 6 (range: 13–60) Maternal age (years) a M = 32, SD = 5 (range: 16–55)
Household income bracket M = 7.1, SD = 2.5 (range: 1–10) Household equivalized income 

deciles
M = 5.8, SD = 2.9 (range: 1–10)

Parent education level M = 3.5, SD = 1.3 (range:1–5) Parent education level M = 3.3, SD = 1.2 (range: 1–5)
Single-parent 20% (n = 1,747) Single-parent 9% (n = 732)

Family Psychiatric History b

Parental depression/anxiety 34% (n = 3295) Parental depression/anxiety 34% (n = 2,589)
Parental conduct issues 14% (n = 1314) Parental trouble with law 15% (n = 1,157)
Familial substance-use issues 20% (n = 1966) Familial substance-use issues 2% (n = 153)

Pregnancy Complications
Total pregnancy complications M = 0.5, SD = 0.8 (range: 0–7) Total pregnancy complications M = 0.6, SD = 0.9 (range: 0–6)
Severe/persistent nausea and 

vomiting c
14% (n = 1,163) Persistent vomiting or nausea 16% (n = 1,279)

Urinary tract infection 8% (n = 651) Urinary or kidney infection 14% (n = 1,071)
Pre-eclampsia, eclampsia or toxemia 6% (n = 486) Pre-eclampsia 7% (n = 516)
High blood pressure 9% (n = 727) High blood pressure 10% (n = 809)
Diabetes (gestational) 7% (n = 575) Diabetes (gestational) 3% (n = 213)
Heavy bleeding requiring bed rest or 

special treatment
3% (n = 274) Bleeding in second half 6% (n = 445)

Rhesus incompatibility 3% (n = 219) Rhesus incompatibility 4% (n = 300)
Placental previa, abruptio or other 

issue
3% (n = 228) Placenta previa or other placental 

disorder
3% (n = 232)

Maternal substance-use in pregnancy
Smoking 14% (n = 1,244) Smoking 16% (n = 1,175)
Alcohol 28% (n = 2,293) Alcohol 22% (n = 1,653)
Drugs d 8% (n = 700) Drugs d 1% (n = 79)
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captured by either parent having trouble with the police or 
law, difficulty retaining employment, or getting into fights. 
In GUI, parental conduct issues were captured by either 
parent having been in trouble with the police for any offence 
other than a traffic offence. Familial substance-use problems 
in ABCD referred to any member of the immediate family 
(biological parents or full-siblings) ever having a history of 
drug/alcohol-related problems while in GUI was defined as 
the study child experiencing alcoholism or drug-use within 
the immediate family. Specific definitions of each aspect 
of psychiatric history are provided in Table S7. For GUI, 
family psychiatric data was aggregated across all available 
waves to better approximate “lifetime” parental histories (see 
Supplementary Material for further details).

Prenatal Factors

Pregnancy Complications

The eight pregnancy complications recorded in both cohorts 
were: persistent nausea/vomiting, pre-eclampsia, high blood-
pressure, urinary tract (or kidney) infection, bleeding, 
placenta issues (e.g., previa), rhesus incompatibility and 
gestational diabetes (insulin-/diet-treated). Table 1 shows 
any cohort differences in wording of these conditions. 
Pregnancy complications were retrospectively reported 
9–10  years post-partum in ABCD, however long-term 
maternal recall for obstetric complications has shown 
to be accurate (Ramos et al., 2020; Rice et al., 2007). As 
many of these complications may co-occur, a sum of all 
complications was used for the analysis.

Maternal Substance‑use in Pregnancy

Maternal smoking, alcohol-use and drug-use referred to those 
events at any point during pregnancy and at any frequency. 
While frequency and timing of smoking in pregnancy may be 
relevant (Brannigan et al., 2020) these were not included in the 
analysis due to cohort-differences in how timing was captured 
(trimesters 1–3 [GUI] Vs before and after knowledge of the 
pregnancy [ABCD]; Table S8). In ABCD, drug-use during 
pregnancy was defined broadly by “any non-prescription drug 
use”. On the other hand, GUI mothers were asked specifically 
about use of the following drug groups during pregnancy: 
cannabis/marijuana, amphetamines or other stimulants, heroin/
methadone/crack/cocaine.

These variables may overlap to some degree with family 
history of substance-use problems (above) however the 
former is distinct by being specific to the mother during 
the pregnancy and including any level of substance-use (not 
necessarily abuse).

Data Analysis

Data Cleaning

Coherence between the cohorts was maximized regarding 
choice of variables, manipulation of variables (e.g., centering, 
transforming) and statistical analysis. For instance, only 
those family psychiatric history variables and pregnancy 
complications that were available in both cohorts were included.

Dimensionality of the data was reduced by creating totals 
(total number of gestational complications) or overarching 
binary variables (e.g., any drug during pregnancy). This was 
preferred to data-driven reduction methods such as principal 
components analysis as it allowed easier comparison 
between cohorts and generalizability to other studies.

All binary variables were treatment-coded [0,1] except 
sex which was deviation-coded [-0.5, 0.5] such that the 
intercept referred to the average of males and females. 
Continuous predictor variables with non-zero means were 
centered (income, education, maternal age). Reference levels 
of categorical variables were the most common level.

Statistical Analysis

“Explanation” of the association between fetal growth and 
ADHD symptoms in this study refers to the statistical reduction 
of the association due to the step-by-step addition of other 
variables, as with a classic confounding model. A baseline 
association between fetal growth and ADHD symptoms is 
established (represented by the beta coefficient) in each cohort 
while controlling for sex (Model 0; M0). In the next step (M1), 
5 potentially confounding socioeconomic and demographic 
factors are consecutively added to the baseline model and the 
change in birth weight coefficient from baseline is noted. If the 
effect of fetal growth reduces in magnitude, there is an overlap 
or covariance between the contribution of socioeconomic/
demographic factors and the contribution of fetal growth 
to ADHD symptoms. The same logic is applied to family 
psychiatric history (M2), pregnancy complications (M3) and 
maternal substance-use in pregnancy (M4). Any remaining 
effect of fetal growth reflects that which is not explained by 
variables in M1-4. Order of entry was based on the modifiability 
of factors with familial factors considered least modifiable and 
maternal behaviors during pregnancy most modifiable.

Models M0-M4 were standard linear regressions, performed 
using the stats package (v3.6.3) in R. As the outcome (ADHD 
symptoms) was skewed in both cohorts (Fig. S1), they were 
log-transformed. As such, B coefficients in these linear models 
refer to change in log(ADHD symptoms) for each unit increase 
in predictor, however we were more interested in the % change 
in estimate due to the addition of other factors (M1-4) rather 
than the absolute estimate.
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To test whether results were robust to a different choice 
of model, an ordinal logistic model was performed with 
symptom groups as outcome (low, moderate, high or very 
high; Fig. S1), using the polr function from the MASS package 
(v7.3–51.4). Groups were based on percentiles (low =  < 50th 
percentile, moderate = 50th-79th percentile, high = 80th-89th 
percentile; very high = 90th-100th percentile). While the 
coefficients of a logistic model are expressed in log(odds of 
outcome) the % change in coefficients due to the addition of 
other factors are comparable to a linear model.

Results

Descriptive Statistics

Table 1 provides descriptive statistics for all variables used 
in the analysis. The average score on ADHD symptom scales 
was approximately 3 points in both cohorts, despite use of 
different scales with different ranges (CBCL: M = 3.15 
[SD = 3.58]; SDQ: M = 3.06 [SD = 2.58]). Mean fetal growth 
was zero by definition, with a SD of 0.5 kg in both cohorts. 
That is, most participants had a birth weight that was typical 
for their gestational age, but variation by half a kilogram 
was common. For both cohorts, fetal growth distributions 
were approximately normal (Fig. S5) and trajectories of fetal 
growth approximated international norms (Fig. S6).

Racial/ethnic variation was greater in ABCD compared 
to GUI, the latter of which was 85% White Irish (Table 1). 
The average maternal age at birth was 2–3 younger in 
ABCD than in GUI. Mean parental education level was 
similar across ABCD (M = 3.5, SD = 1.3) and GUI (M = 3.3, 
SD = 1.2) which was between a non-degree qualification 
(level 3) and a primary degree (level 4; e.g. Bachelor). 

Single-parent households were more common in ABCD 
(20%) compared to GUI (9%). Income levels could not be 
directly compared across cohorts as ABCD reported income 
bracket before tax and GUI reported income decile after tax.

Inferential Statistics

The baseline association between fetal growth and 
childhood ADHD symptoms was significant in both ABCD 
(B = 0.06, 95% CI = 0.03–0.10, t = 3.41, p = 0.001) and 
GUI (B = 0.075, 95% CI = 0.04–0.11, t = 4.39, p < 0.001). 
After controlling for socioeconomic and demographic 
factors (M1), family psychiatric history (M2), pregnancy 
complications (M3), and maternal substance-use (M4), the 
effect of fetal growth on ADHD symptoms was reduced 
to non-significance in ABCD (B = 0.04, 95% CI = -0.003 
– 0.08, t = 1.78, p = 0.08) and to marginal significance in 
GUI (B = 0.04, 95% CI = 0.001–0.07, t = 1.98, p = 0.05). 
This corresponded to a 43% and 52% drop in the fetal 
growth effect estimate from baseline to fully-adjusted in 
ABCD and GUI respectively (Fig. 1). Note B statistics are 
in terms of log-transformed symptom scales.

Socioeconomic and demographic factors (household 
income, parental education, maternal age, single-parenthood, 
race/ethnicity) accounted for 23.4% of the association 
between fetal growth and ADHD symptoms on average 
(ABCD = 25.4% Vs GUI = 21.3%). Family psychiatric history 
(parent depression/anxiety, parent conduct issues, familial 
substance-abuse) accounted for a further 5% of the association 
(ABCD = 4.8% Vs GUI = 5.3%). After controlling for these 
two sets of confounds (M1 + M2), the association between 
fetal growth and ADHD symptoms remained significant at 
the 5% alpha level in both cohorts, though the association 
was more robust in GUI (p = 0.002) compared to ABCD 

Fig. 1  Reduction in the 
effect of fetal growth on age 
9 ADHD symptoms after 
controlling for socioeconomics/
demographics, family 
psychiatric history, pregnancy 
complications and maternal 
substance-use in pregnancy. 
Hatched trendlines show the 
gradual decrease in the strength 
of effect. Percentages reflect 
the change-in-estimate as a 
percentage of baseline effect
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(p = 0.027; Table 2). The proportion of the effect explained 
by M1 + M2 confounds was also higher in ABCD (30.2%) 
than GUI (26.6%) which is evident from Fig. 2.

The next two steps of prenatal factors (pregnancy 
complications; maternal substance-use) explained an 

additional 12.7% of the fetal growth effect in ABCD but an 
additional 25.4% of the effect in GUI. This cohort-difference 
was predominantly driven by the higher proportion 
accounted for by maternal substance use in GUI (22.7%) 
compared to ABCD (4.8%; Table 2; Fig. 2).

The baseline model, including just fetal growth and sex 
accounted for ~ 3% of the variance in ADHD symptom 
scores (ABCD R2 = 2.9%; GUI R2 = 3.7%) while the 
fully-adjusted model (M4) accounted for 8–10% (ABCD 
R2 = 9.6%; GUI R2 = 8.3%). In ABCD, the most reliable 
independent predictors of ADHD symptoms were male sex 
(t = 15.19, ηp

2 = 0.03), parental depression/anxiety (t = 10.84, 
ηp

2 = 0.02) and the number of pregnancy complications 
experienced (t = 7.01, ηp

2 = 0.01; Table  S3). The most 
reliable independent predictors of ADHD symptoms in GUI 
were male sex (t = 15.58, ηp

2 = 0.04), parental depression/
anxiety (t = 7.45, ηp

2 = 0.01) and younger maternal age 
(t = -7.54, ηp

2 = 0.01; Table S5).
An ordinal logistic regression predicting groups of 

varying ADHD symptom severity (low, moderate, high, very 
high) was performed to test statistical robustness of linear 
models. Results were similar regardless of whether linear or 
ordinal models were used (Table S2; Fig. S4)— changes to 
the fetal growth effect estimate due to each step of control 
variables were similar (± 2%) to the linear model with one 
exception. In ABCD (US), the total proportion accounted 
for was greater when predicting symptom groups (ordinal 
50% vs linear 43%). This was driven by the greater change-
in-estimate due to control of socioeconomics/demographic 

Table 2  Change in the fetal growth effect on ADHD symptoms, after stepwise control for other factors

SES socioeconomic status
ADHD symptom scales were log-transformed
a  Baseline model: fetal growth + sex

M0 M1 M2 M3 M4
Baseline model a M0 + SES & 

demographics
M1 + Family 
psych history

M2 + Pregnancy 
complications

M3 + Maternal 
substance-use

Total % change

ABCD Fetal growth B 0.063 0.047 0.044 0.039 0.036
95% CI [0.03, 0.10] [0.001, 0.09] [0.005, 0.08] [-0.0002, 0.08] [-0.003, 0.08]
p < .001 0.018 0.027 0.051 0.076
ηp2 0.001 0.001 0.001 0.001 < 0.001
B change — 0.016 0.003 0.005 0.003
% of baseline — 25.4% 4.8% 7.9% 4.8% 43%

GUI Fetal growth B 0.075 0.059 0.055 0.053 0.036
95% CI [0.04, 0.11] [0.02, 0.09] [0.02, 0.09] [0.02, 0.09] [0.0003, 0.07]
p < .001 0.001 0.002 0.003 0.048
ηp2 0.003 0.002 0.001 0.001 0.001
B change — 0.016 0.004 0.002 0.017
% of baseline — 21.3% 5.3% 2.7% 22.7% 52%

Cohort Ave % of baseline 23.4% 5.0% 5.3% 13.7% 47%

Fig. 2  Statistical breakdown of the association between fetal growth 
and age 9 ADHD symptoms in two cohorts (ABCD and GUI). 
Segments reflect the proportion of the association attributable 
to socioeconomics & demographics, family psychiatric history, 
pregnancy complications and substance-use during pregnancy. Gray 
portion shows unexplained fetal growth effect on ADHD symptoms
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factors in the ordinal model (31.3%) compared to the linear 
model (25.4%; Table S2).

Discussion

Results from two independent cohorts suggest the 
association between fetal growth and ADHD symptoms 
at age 9 can be explained in part by sociodemographic 
confounds and prenatal events. Across both cohorts, over 
25% of the association was attributable to familial confounds 
(socioeconomics, demographics, family psychiatric history) 
and the significance of the association survived adjustment 
for familial confounds but not prenatal factors. However, 
results differed by cohort regarding the relative contributions 
of socioeconomic/demographic factors (ABCD > GUI) and 
prenatal factors (GUI > ABCD) to the effect of fetal growth 
on ADHD symptoms (Fig. 2; Fig. S4). Fetal growth, as 
estimated from weight and age at birth, was a relatively 
context-independent predictor of ADHD symptoms while 
the explanatory or driving factors of the association were 
somewhat context-dependent.

Averaging cohort results (Table 2), 23.4% of the association 
between fetal growth and ADHD symptoms was captured by 
socioeconomic and demographic factors such as household 
income, race/ethnicity, parental age, education and single 
parenthood. This is consistent with other studies which have 
found the fetal growth (or small-for-gestational-age) effect 
on ADHD outcomes attenuates after controlling for factors 
such as maternal age, household income, parental education 
or single-parenthood (Murray et al., 2016; Pettersson et al., 
2019; Wiles et al., 2006). The decrease in fetal growth effect 
after control of socioeconomic and demographic factors was 
slightly greater in ABCD (25.4%) compared to GUI (21.3%), 
however this cohort-discrepancy widened in an ordinal 
sensitivity analysis (ABCD 31.3% Vs GUI 20.5%; Table S2). 
This disparity may be explained by national differences in the 
correlation between socioeconomic factors and fetal growth. 
Martinson and colleagues (2016) found that income-related 
inequalities in low birth weight rates were present in the 
US, the United Kingdom, Canada and Australia, but that the 
magnitude of this gradient was greatest in the US. The authors 
suggested that the more generous social support and healthcare 
systems of the UK, Canada and Australia may play a buffering 
role. Differences may also be explained by the greater racial 
and ethnic heterogeneity in ABCD (Table 1) and the greater 
correlation between certain race/ethnicities and fetal growth in 
ABCD compared to GUI (Figs. S2-S3).

Pregnancy complications accounted for 5.3% of the fetal 
growth effect on ADHD symptoms on average, with a larger 
proportion accounted for in ABCD (7.9%) than GUI (2.7%). 
Ordinal models approximated this cohort difference (9.9% 

vs 3.2%). The mean number of pregnancy complications in 
mothers across cohorts was similar across cohorts (Table 1) 
however the independent effect of pregnancy complications 
on ADHD symptoms was stronger in ABCD compared 
to GUI (Tables S3, S5). This suggests that, despite being 
similarly prevalent across cohorts, pregnancy complications 
have more adverse effects on both fetal growth and childhood 
behavior in ABCD compared to GUI. While we did not 
assess interactive effects between pregnancy complications 
and maternal age, the younger age of ABCD mothers 
compared to those in GUI may explain the difference in 
results (Table 1). For instance, the association between 
preeclampsia and small-for-gestational age is stronger for 
mothers under 25 compared to over 25 (Li et al., 2018). 
Alternatively, this result may be explained by unmeasured 
cohort differences such as in maternal weight status, stress 
access to prenatal care, or quality of care (Bronstein et al., 
2018; Fuchs et al., 2022). Rates of obesity, for instance, 
are higher among women in the US compared to women in 
comparable countries, and this may interact multiplicatively 
with certain pregnancy complications to increase the risk of 
both restricted fetal growth and neurodevelopmental issues 
(Bronstein et al., 2018; Kong et al., 2020).

Perhaps the most striking aspect of Fig. 2 is the greater 
proportion of the effect accounted for by maternal substance-
use in GUI (22.7%) compared to ABCD (4.8%). This is 
despite similar reported rates of smoking, and lower rates 
of alcohol and drug-use among GUI mothers (Table 1). 
GUI mothers smoked more cigarettes and more persistently 
than ABCD mothers, smoking ~ 9 cigarettes per day 
on average throughout pregnancy (Table S8). Maternal 
smoking was also a significant independent predictor of 
ADHD symptoms in the GUI, but not ABCD. By contrast, 
maternal alcohol-use and drug-use during pregnancy were 
significant independent predictors of symptoms in ABCD, 
but not in GUI (Tables S3, S5). Our findings are consistent 
with another analysis of the GUI data which showed strong 
links between maternal smoking and intrauterine growth 
restriction in Ireland (Madden, 2014), and support the 
need for improved smoking cessation programs in Irish 
maternal hospitals (Reynolds et al., 2017). There has been 
some evidence that the association between smoking in 
pregnancy and offspring ADHD is not causal and is fully 
accounted for by shared genetic factors between mother and 
child (Rice et al., 2018). Such logic could also be applied 
to other types of substance-use in pregnancy. However, 
there is evidence supporting the causal association between 
maternal smoking in pregnancy and birth weight (Rice et al., 
2018). Given reliable associations between fetal growth 
and ADHD symptoms have been observed in human and 
animal studies (see introduction), it may be that maternal 
substance-use in pregnancy, such as smoking, impacts child 
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neurodevelopment via fetal growth restriction (Brannigan 
et al., 2020).

Our results suggest such prenatal factors can capture up 
to a quarter of the birth weight effect on ADHD symptoms; 
however future studies will need to assess, in practice, 
whether reduction in prenatal risks have any tangible effect on 
childhood ADHD symptoms at a population level. Effect sizes 
were small– Table 2 indicated that fetal growth accounted for 
less than 0.5% of variance in ADHD symptoms across all 
models (all ηp

2 < 0.005) and supplementary tables showed 
that fully-adjusted models explained just 8–10% of variance 
in outcomes (ABCD  R2 = 9.6%; GUI  R2 = 8.3%; Tables S3, 
S5). A meta-analysis suggested birth weight accounted 
for 2.25% in the variance in ADHD symptoms (r = -0.15; 
Momany et al., 2018). While the effect size observed in this 
study was smaller, this does not necessarily invalidate the 
clinical relevance of our findings. First, even well-established 
risk factors for ADHD such as male sex and parental 
psychopathology had small effect sizes (ηp

2 < 0.05). This 
could be explained by our large sample sizes and inclusion 
of normative symptom scales rather than groups from each 
end of the spectrum (Kühberger et al., 2014). Second, we 
know from animal experimentation (Lauritz et al., 2012; 
Meyer et al., 2014), human meta-analysis (Momany et al., 
2018) and multiple twin studies (Ficks et al., 2013; Groen-
Blokhuis et al., 2011; Hultman et al., 2007; Pettersson et al., 
2015) that fetal growth is a highly replicable predictor of 
neurodevelopmental problems, even when genetic and social 
confounds are controlled for. Third, other large cohort studies 
have showed birth weight accounts for < 1% of the variance 
in ADHD symptom dimensions (Ficks et al., 2013; van Mil 
et al., 2015). Finally, the importance of studying prenatal 
risks to neurodevelopment lies in their temporal precedence 
over all postnatal risk factors. Small deviations from typical 
neurodevelopment (reflected by small effect sizes) at an 
early stage of development have the potential to moderate 
the effects of all subsequent insults.

The primary strength of this study is its use of two large 
nationally-representative cohorts. The matched analysis 
on both cohorts helps determine which findings are 
generalizable and which may be cohort- or nation-specific. 
While Ireland and the US are both developed countries, 
they differ on demographic make-up, healthcare systems, 
policies and culture. As some of these largely unmeasured 
factors may confound the association between fetal growth 
restriction and childhood psychopathology, replicating the 
association across cohorts can be considered further support 
for a causal association (Murray et al., 2016). Other strengths 
include: thorough control of potential confounds, the use of 
alternative statistical modelling to probe the robustness of 
findings (ordinal regression), and the specificity of our target 
population to children aged 9–10 born between 2007 and 
2009.

Several aspects of the study design limit interpretation of 
results. First, comparability of cohort results is limited by 
differences in outcome scales (CBCL vs SDQ), in definitions 
of sociodemographic and family psychiatric variables (see 
Supplementary Material) and in the gestational age range 
captured (capped at 40 weeks in ABCD). Future studies 
assessing the generalizability of prenatal contributions to 
fetal growth and ADHD symptoms should use samples with 
better matched data, merged into one analysis, to quantitively 
assess the significance of cohort differences. Second, in 
ABCD we rely on the retrospective report of gestational 
and birth events which may be influenced by recall bias 
(9 years on). In both cohorts, we rely on the mother to report 
to provide both exposure and outcome data, which may be 
biased. Third, the study was conducted in singleton-born 
children thus results are not applicable to twins. Finally, 
there may be unmeasured sources of confounding such 
as migrant status, neighborhood poverty, maternal health, 
weight and stress levels.

Conclusions

We found replicable evidence across Irish and US-based 
cohorts for the linear association between reduced 
fetal growth and increased ADHD symptoms by age 9. 
Background familial confounds (e.g. income, race/ethnicity, 
family psychiatric history) accounted for over a quarter 
of that association in both cohorts, however it remained 
statistically significant. Pregnancy complications and 
maternal substance-use accounted for different proportions 
of the fetal growth effect across cohorts, which may reflect 
societal and cultural differences.

Supplementary Information The online version contains 
supplementary material available at https:// doi. org/ 10. 1007/ 
s10802- 022- 00971-9.

Authors’ Contributions All authors contributed to the study conception 
and design. Data preparation and analysis were performed by Niamh 
Dooley. The first draft of the manuscript was written by Niamh Dooley 
and all authors reviewed intermediary versions and approved the final 
version. ABCD consortium investigators designed and implemented 
the study and/or provided data but did not necessarily participate in 
analysis or writing of this report. A listing of participating sites and 
a complete listing of the ABCD study investigators can be found at 
https:// abcds tudy. org/ princ ipal- inves tigat ors. html.

Funding Open Access funding provided by the IReL Consortium. This 
work was supported by a StAR International PhD Scholarship awarded 
to ND by the Royal College of Surgeons in Ireland. During this project, 
DC, CH and M.Clarke were funded by the Health Research Board of 
Ireland (DC: HRB ILP POR 2019–005, CH: ILP-PHR-2019–009, MC: 
HRA-PHR-2015–1130, RB: SDAP-2019–026) and an Irish Research 
Council award (MC: COALESCE/2019/61) and M. Cannon was funded 
by a Consolidator Award from the European Research Council (iHEAR 
724809). DC was also funded by a Wellcome Trust Innovations Award 

https://doi.org/10.1007/s10802-022-00971-9
https://doi.org/10.1007/s10802-022-00971-9
https://abcdstudy.org/principal-investigators.html


257Research on Child and Adolescent Psychopathology (2023) 51:247–259 

1 3

(220438Z/20/Z), in part by a research grant from Science Foundation 
Ireland (16/RC/3948415), and co-funded by the European Regional 
Development Fund and FutureNeuro industry partners. GUI is funded 
by the Department of Children and Youth Affairs (DCYA). It is 
managed by DCYA in association with the Central Statistics Office 
(CSO). Results in this report are based on analyses of data from the 
Research Microdata Files provided by the CSO (see growi ngup. ie). The 
ABCD Study is supported by the National Institutes of Health (NIH) 
and additional federal partners under award numbers U01DA041022, 
U01DA041028, U01DA041048, U01DA041089, U01DA041106, 
U01DA041117, U01DA041120, U01DA041134, U01DA041148, 
U01DA041156, U01DA041174, U24DA041123, and U24DA041147. 
A full list of supporters is available at https:// abcds tudy. org/ nih-  
colla borat ors. None of the funding or supportive bodies of ABCD (NIH) or  
GUI (CSO, DCYA) take any responsibility for the views expressed or 
the outputs generated in this study.

Data Availability ABCD data is stored in the NIMH Data Archive 
(NDA) Repository (ndar. nih. gov) and can be accessed by application to 
the NDA. The data used in this report was drawn from Release 3.0 and 
will be available on the NDA (https:// doi. org/ 10. 15154/ 15247 34). GUI 
data is managed by Irish Department of Children, Equality, Disability, 
Integration & Youth in association with the Central Statistics Office 
(CSO). Results in this report are based on analyses of data from 
the Research Microdata Files. This data is not publicly available 
but is available to researchers affiliated with an Irish institution via 
application to the CSO (see growi ngup. ie).

Compliance with Ethical Standards 

Ethics Approval The ABCD and GUI studies were performed in line 
with the principles of the Declaration of Helsinki. The University of 
California at San Diego (San Diego, CA, USA) Institutional Review 
Board was responsible for the ethical oversight of the ABCD study. 
Ethical approval for GUI was granted by the research ethics committee 
of the Health Research Board in Ireland. The secondary analysis of 
both datasets was approved by the Research Ethics Committee for the 
Royal College of Surgeons in Ireland (REC1693).

Consent to Participate Informed consent for children to participate in 
the GUI and ABCD studies was obtained from their legal guardians.

Consent for Publication Informed consent was given to publish study 
findings from which the identities of children could not be ascertained.

Conflict of Interests The authors have no relevant financial or non-
financial interests todisclose

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article's Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article's Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http:// creat iveco mmons. 
org/ licen ses/ by/4. 0/.

References

Abel, K. M., Wicks, S., Susser, E. S., Dalman, C., Pedersen, M. 
G., Mortensen, P. B., & Webb, R. T. (2010). Birth weight, 
schizophrenia, and adult mental disorder: Is risk confined to the 
smallest babies? Archives of General Psychiatry, 67(9), 923–930. 
https:// doi. org/ 10. 1001/ archg enpsy chiat ry. 2010. 100

Achenbach, T., & Rescorla, L. (2001). Manual for the ASEBA school-
age forms & profiles: An integrated system of multi-informant 
assessment Burlington (p. 1617). University of Vermont. Research 
Center for Children, Youth, & Families.

Aras, R. Y. (2013). Is maternal age risk factor for low birth weight? 
Archives of Medicine and Health Sciences, 1(1), 33.

Brannigan, R., Healy, C., Cannon, M., Leacy, F. P., & Clarke, M. C. 
(2020). Prenatal tobacco exposure and psychiatric outcomes in 
adolescence: is the effect mediated through birth weight? Acta 
Psychiatrica Scandinavica, 142(4), 284–293. https:// doi. org/ 10. 
1111/ acps. 13210

Bronstein, J. M., Wingate, M. S., & Brisendine, A. E. (2018). Why 
Is the U.S. Preterm Birth Rate So Much Higher Than the Rates 
in Canada, Great Britain, and Western Europe? International 
Journal of Health Services, 48(4), 622–640. https:// doi. org/ 10. 
1177/ 00207 31418 786360

Budree, S., Stein, D. J., Brittain, K., Goddard, E., Koen, N., Barnett, 
W., Myer, L., & Zar, H. J. (2017). Maternal and infant factors had 
a significant impact on birthweight and longitudinal growth in 
a South African birth cohort. Acta Paediatrica, 106(11), 1793–
1801. https:// doi. org/ 10. 1111/ apa. 14015

Catov, J. M., Lee, M., Roberts, J. M., Xu, J., & Simhan, H. N. (2015). 
Race Disparities and Decreasing Birth Weight: Are All Babies 
Getting Smaller? American Journal of Epidemiology, 183(1), 
15–23. https:// doi. org/ 10. 1093/ aje/ kwv194

Chang, L.-Y., Wang, M.-Y., & Tsai, P.-S. (2016). Diagnostic Accuracy 
of Rating Scales for Attention-Deficit/Hyperactivity Disorder: A 
Meta-analysis. Pediatrics, 137(3), e20152749. https:// doi. org/ 10. 
1542/ peds. 2015- 2749

Class, Q. A., Rickert, M. E., Larsson, H., Lichtenstein, P., & D'Onofrio, 
B. M. (2014). Fetal growth and psychiatric and socioeconomic 
problems: population-based sibling comparison. British Journal 
of Psychiatry, 205(5), 355–361. https:// doi. org/ 10. 1192/ bjp. bp. 
113. 143693

Ficks, C. A., Lahey, B. B., & Waldman, I. D. (2013). Does low 
birth weight share common genetic or environmental risk with 
childhood disruptive disorders? Journal of Abnormal Psychology, 
122(3), 842.

Franz, A. P., Bolat, G. U., Bolat, H., Matijasevich, A., Santos, I. S., Silveira, 
R. C., Procianoy, R. S., Rohde, L. A., & Moreira-Maia, C. R. (2018). 
Attention-deficit/hyperactivity disorder and very preterm/very low 
birth weight: a meta-analysis. Pediatrics, 141(1).

Fuchs, A., Resch, F., Kaess, M., & Moehler, E. (2022). Early parenting 
stress links obstetric complications and child psychopathology in 
middle childhood in an at-risk sample. Journal of Developmental 
& Behavioral Pediatrics, 43(1), e48–e55.

Garavan, H., Bartsch, H., Conway, K., Decastro, A., Goldstein, R., 
Heeringa, S., Jernigan, T., Potter, A., Thompson, W., & Zahs, D. 
(2018). Recruiting the ABCD sample: Design considerations and 
procedures. Developmental Cognitive Neuroscience, 32, 16–22.

Giscombé, C. L., & Lobel, M. (2005). Explaining disproportionately 
high rates of adverse birth outcomes among African Americans: 
The impact of stress, racism, and related factors in pregnancy. 
Psychological Bulletin, 131(5), 662.

Goodman, R. (1997). The Strengths and Difficulties Questionnaire: 
A research note. Journal of Child Psychology and Psychiatry, 
38(5), 581–586.

https://www.growingup.ie
https://abcdstudy.org/nih-collaborators
https://abcdstudy.org/nih-collaborators
https://www.ndar.nih.gov
https://doi.org/10.15154/1524734
https://www.growingup.ie
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/archgenpsychiatry.2010.100
https://doi.org/10.1111/acps.13210
https://doi.org/10.1111/acps.13210
https://doi.org/10.1177/0020731418786360
https://doi.org/10.1177/0020731418786360
https://doi.org/10.1111/apa.14015
https://doi.org/10.1093/aje/kwv194
https://doi.org/10.1542/peds.2015-2749
https://doi.org/10.1542/peds.2015-2749
https://doi.org/10.1192/bjp.bp.113.143693
https://doi.org/10.1192/bjp.bp.113.143693


258 Research on Child and Adolescent Psychopathology (2023) 51:247–259

1 3

Groen-Blokhuis, M. M., Middeldorp, C. M., van Beijsterveldt, C. E., 
& Boomsma, D. I. (2011). Evidence for a causal association of 
low birth weight and attention problems. Journal of the American 
Academy of Child and Adolescent Psychiatry, 50(12), 1247–1254 
e1242. https:// doi. org/ 10. 1016/j. jaac. 2011. 09. 007

He, Y., Chen, J., Zhu, L.-H., Hua, L.-L., & Ke, F.-F. (2020). Maternal 
smoking during pregnancy and ADHD: Results from a systematic 
review and meta-analysis of prospective cohort studies. Journal 
of Attention Disorders, 24(12), 1637–1647.

Heaman, M., Kingston, D., Chalmers, B., Sauve, R., Lee, L., & Young, 
D. (2013). Risk Factors for Preterm Birth and Small-for-gestational-
age Births among Canadian Women. Paediatric and Perinatal 
Epidemiology, 27(1), 54–61.

Huhdanpaa, H., Morales-Munoz, I., Aronen, E. T., Polkki, P., Saarenpaa-
Heikkila, O., Kylliainen, A., & Paavonen, E. J. (2021). Prenatal 
and Postnatal Predictive Factors for Children's Inattentive and 
Hyperactive Symptoms at 5 Years of Age: The Role of Early 
Family-related Factors. Child Psychiatry and Human Development, 
52(5), 783–799. https:// doi. org/ 10. 1007/ s10578- 020- 01057-7

Hultman, C. M., Torrang, A., Tuvblad, C., Cnattingius, S., Larsson, J. 
O., & Lichtenstein, P. (2007). Birth weight and attention-deficit/
hyperactivity symptoms in childhood and early adolescence: 
a prospective Swedish twin study. Journal of the American 
Academy of Child and Adolescent Psychiatry, 46(3), 370–377. 
https:// doi. org/ 10. 1097/ 01. chi. 00002 46059. 62706. 22

Kong, L., Chen, X., Gissler, M., & Lavebratt, C. (2020). Relationship 
of prenatal maternal obesity and diabetes to offspring 
neurodevelopmental and psychiatric disorders: A narrative review. 
International Journal of Obesity, 44(10), 1981–2000.

Koskelainen, M., Sourander, A., & Kaljonen, A. (2000). The 
Strengths and Difficulties Questionnaire among Finnish school-
aged children and adolescents. European Child and Adolescent 
Psychiatry, 9(4), 277–284. https:// doi. org/ 10. 1007/ s0078 70070 
031

Kühberger, A., Fritz, A., & Scherndl, T. (2014). Publication Bias 
in Psychology: A Diagnosis Based on the Correlation between 
Effect Size and Sample Size. PLoS ONE, 9(9), e105825. https:// 
doi. org/ 10. 1371/ journ al. pone. 01058 25

Lærum, A. M., Reitan, S. K., Evensen, K. A. I., Lydersen, S., Brubakk, 
A.-M., Skranes, J., & Indredavik, M. S. (2017). Psychiatric 
disorders and general functioning in low birth weight adults: a 
longitudinal study. Pediatrics, e20162135.

Laplante, F., Brake, W. G., Chehab, S. L., & Sullivan, R. M. (2012). 
Sex differences in the effects of perinatal anoxia on dopamine 
function in rats. Neuroscience Letters, 506(1), 89–93.

Lauritz, B., Siebel, A., Guille, V., Jefferies, A., & Wlodek, M. 
(2012). Growth restriction alters adult spatial memory and 
sensorimotor gating in a sex-specific manner. Journal of 
Developmental Origins of Health and Disease, 3(1), 59–68.

Li, X., Zhang, W., Lin, J., Liu, H., Yang, Z., Teng, Y., Duan, S., Li, 
Y., Xie, Y., Lin, X., Xie, L., Peng, Q., Huang, J., Chen, J., Duan, 
W., Luo, J., & Zhang, J. (2018). Preterm birth, low birthweight, 
and small for gestational age among women with preeclampsia: 
Does maternal age matter? Pregnancy Hypertension, 13, 260–
266. https:// doi. org/ 10. 1016/j. preghy. 2018. 07. 004

Lim, K. X., Liu, C. Y., Schoeler, T., Cecil, C. A., Barker, E. D., 
Viding, E., Greven, C. U., & Pingault, J. B. (2018). The role 
of birth weight on the causal pathway to child and adolescent 
ADHD symptomatology: A population-based twin differences 
longitudinal design. Journal of Child Psychology and 
Psychiatry, 59(10), 1036–1043.

Madden, D. (2014). The Relationship Between Low Birth Weight and 
Socioeconomic Status In Ireland. Journal of Biosocial Science, 
46(2), 248–265. https:// doi. org/ 10. 1017/ S0021 93201 30001 87

Martinson, M. L., & Reichman, N. E. (2016). Socioeconomic 
Inequalities in Low Birth Weight in the United States, the United 

Kingdom, Canada, and Australia. American Journal of Public 
Health, 106(4), 748–754. https:// doi. org/ 10. 2105/ ajph. 2015. 
303007

McCowan, L., & Horgan, R. P. (2009). Risk factors for small for 
gestational age infants. Best Practice & Research: Clinical 
Obstetrics & Gynaecology, 23(6), 779–793.

Meyer, L. R., Zhu, V., Miller, A., & Roghair, R. D. (2014). 
2014/12/15/). Growth restriction, leptin, and the programming of 
adult behavior in mice. Behavioural Brain Research, 275, 131–
135. https:// doi. org/ 10. 1016/j. bbr. 2014. 08. 054

Meyer, U., Feldon, J., & Fatemi, S. H. (2009). In-vivo rodent models 
for the experimental investigation of prenatal immune activation 
effects in neurodevelopmental brain disorders. Neuroscience & 
Biobehavioral Reviews, 33(7), 1061–1079. https:// doi. org/ 10. 
1016/j. neubi orev. 2009. 05. 001

Milberger, S., Biederman, J., Faraone, S. V., Guite, J., & Tsuang, 
M. T. (1997). Pregnancy, delivery and infancy complications 
and attention deficit hyperactivity disorder: Issues of gene-
environment interaction. Biological Psychiatry, 41(1), 65–75.

Mirza, M. A., Ritzel, R., Xu, Y., McCullough, L. D., & Liu, F. (2015). 
Sexually dimorphic outcomes and inflammatory responses in 
hypoxic-ischemic encephalopathy. Journal of Neuroinflammation, 
12(1), 32. https:// doi. org/ 10. 1186/ s12974- 015- 0251-6

Momany, A. M., Kamradt, J. M., & Nikolas, M. A. (2018). A 
Meta-Analysis of the Association Between Birth Weight and 
Attention Deficit Hyperactivity Disorder. Journal of Abnormal 
Child Psychology, 46(7), 1409–1426. https:// doi. org/ 10. 1007/ 
s10802- 017- 0371-9

Mongan, D., Lynch, J., Hanna, D., Shannon, C., Hamilton, S., Potter, 
C., Gorman, C., McCambridge, O., Morrow, R., & Mulholland, C. 
(2019). Prevalence of self-reported mental disorders in pregnancy 
and associations with adverse neonatal outcomes: A population-
based cross-sectional study. BMC Pregnancy and Childbirth, 
19(1), 1–10.

Murray, A. L., Hall, H. A., Speyer, L. G., Carter, L., Mirman, D., Caye, A., 
& Rohde, L. (2021). Developmental trajectories of ADHD symptoms 
in a large population-representative longitudinal study. Psychological 
Medicine. https:// doi. org/ 10. 1017/ S0033 29172 10003 49

Murray, E., Pearson, R., Fernandes, M., Santos, I. S., Barros, F. C., 
Victora, C. G., Stein, A., & Matijasevich, A. (2016). Are fetal 
growth impairment and preterm birth causally related to child 
attention problems and ADHD? Evidence from a comparison 
between high-income and middle-income cohorts. Journal of 
Epidemiology and Community Health, 70(7), 704–709. https:// 
doi. org/ 10. 1136/ jech- 2015- 206222

Pettersson, E., Larsson, H., D’Onofrio, B., Almqvist, C., & Lichtenstein, 
P. (2019). Association of Fetal Growth with General and Specific 
Mental Health Conditions. Journal of the American Medical 
Association: Psychiatry. https:// doi. org/ 10. 1001/ jamap sychi atry. 
2018. 4342

Pettersson, E., Sjölander, A., Almqvist, C., Anckarsäter, H., D’Onofrio, 
B. M., Lichtenstein, P., & Larsson, H. (2015). Birth weight as an 
independent predictor of ADHD symptoms: A within-twin pair 
analysis. Journal of Child Psychology and Psychiatry, 56(4), 
453–459. https:// doi. org/ 10. 1111/ jcpp. 12299

Quail, A., Williams, J., McCrory, C., Murray, A., & Thornton, M. 
(2011). A summary guide to wave 1 of the infant cohort (at 9 
months) of Growing Up in Ireland.

Ramos, A. M., Marceau, K., Neiderhiser, J. M., De Araujo-Greecher, 
M., Natsuaki, M. N., & Leve, L. D. (2020). Maternal Consistency 
in Recalling Prenatal Experiences at 6 Months and 8 Years 
Postnatal. Journal of Developmental & Behavioral Pediatrics, 
41(9), 698–705. https:// doi. org/ 10. 1097/ dbp. 00000 00000 000841

Reynolds, C. M. E., Egan, B., Cawley, S., Kennedy, R., Sheehan, S., 
& Turner, M. J. (2017). A national audit of smoking cessation 
services in Irish maternity units. Irish Medical Journal, 110(6).

https://doi.org/10.1016/j.jaac.2011.09.007
https://doi.org/10.1007/s10578-020-01057-7
https://doi.org/10.1097/01.chi.0000246059.62706.22
https://doi.org/10.1007/s007870070031
https://doi.org/10.1007/s007870070031
https://doi.org/10.1371/journal.pone.0105825
https://doi.org/10.1371/journal.pone.0105825
https://doi.org/10.1016/j.preghy.2018.07.004
https://doi.org/10.1017/S0021932013000187
https://doi.org/10.2105/ajph.2015.303007
https://doi.org/10.2105/ajph.2015.303007
https://doi.org/10.1016/j.bbr.2014.08.054
https://doi.org/10.1016/j.neubiorev.2009.05.001
https://doi.org/10.1016/j.neubiorev.2009.05.001
https://doi.org/10.1186/s12974-015-0251-6
https://doi.org/10.1007/s10802-017-0371-9
https://doi.org/10.1007/s10802-017-0371-9
https://doi.org/10.1017/S0033291721000349
https://doi.org/10.1136/jech-2015-206222
https://doi.org/10.1136/jech-2015-206222
https://doi.org/10.1001/jamapsychiatry.2018.4342
https://doi.org/10.1001/jamapsychiatry.2018.4342
https://doi.org/10.1111/jcpp.12299
https://doi.org/10.1097/dbp.0000000000000841


259Research on Child and Adolescent Psychopathology (2023) 51:247–259 

1 3

Rice, F., Langley, K., Woodford, C., Davey Smith, G., & Thapar, A. 
(2018). Identifying the contribution of prenatal risk factors to 
offspring development and psychopathology: What designs to 
use and a critique of literature on maternal smoking and stress in 
pregnancy. Development and Psychopathology, 30(3), 1107–1128. 
https:// doi. org/ 10. 1017/ S0954 57941 80004 21

Rice, F., Lewis, A., Harold, G., van den Bree, M., Boivin, J., Hay, 
D. F., Owen, M. J., & Thapar, A. (2007). Agreement between 
maternal report and antenatal records for a range of pre and peri-
natal factors: The influence of maternal and child characteristics. 
Early Human Development, 83(8), 497–504.

Russell, A. E., Ford, T., Williams, R., & Russell, G. (2016). The 
association between socioeconomic disadvantage and attention 
deficit/hyperactivity disorder (ADHD): A systematic review. 
Child Psychiatry and Human Development, 47(3), 440–458.

Schwenke, E., Fasching, P. A., Faschingbauer, F., Pretscher, J., Kehl, 
S., Peretz, R., Keller, A., Haberle, L., Eichler, A., Irlbauer-Muller, 
V., Dammer, U., Beckmann, M. W., & Schneider, M. (2018). 
Predicting attention deficit hyperactivity disorder using pregnancy 
and birth characteristics. Archives of Gynecology and Obstetrics, 
298(5), 889–895. https:// doi. org/ 10. 1007/ s00404- 018- 4888-0

Sciberras, E., Ukoumunne, O. C., & Efron, D. (2011, Oct). Predictors 
of parent-reported attention-deficit/hyperactivity disorder in 
children aged 6–7 years: a national longitudinal study. Journal of 
Abnormal Child Psychology, 39(7), 1025–1034. https:// doi. org/ 
10. 1007/ s10802- 011- 9504-8

Silva, D., Colvin, L., Hagemann, E., & Bower, C. (2014). 
Environmental risk factors by gender associated with attention-
deficit/hyperactivity disorder. Pediatrics, 133(1), e14–22. https:// 
doi. org/ 10. 1542/ peds. 2013- 1434

Smith, T. F., Schmidt-Kastner, R., McGeary, J. E., Kaczorowski, J. A., 
& Knopik, V. S. (2016). Pre- and Perinatal Ischemia-Hypoxia, the 
Ischemia-Hypoxia Response Pathway, and ADHD Risk. Behavior 
Genetics, 46(3), 467–477. https:// doi. org/ 10. 1007/ s10519- 016- 9784-4

Stone, L. L., Otten, R., Engels, R. C. M. E., Vermulst, A. A., & 
Janssens, J. M. A. M. (2010). Psychometric Properties of the 

Parent and Teacher Versions of the Strengths and Difficulties 
Questionnaire for 4- to 12-Year-Olds: A Review. Clinical Child 
and Family Psychology Review, 13(3), 254–274. https:// doi. org/ 
10. 1007/ s10567- 010- 0071-2

Tearne, J. E. (2015). Older maternal age and child behavioral and 
cognitive outcomes: a review of the literature. Fertility and Sterility, 
103(6), 1381–1391. https:// doi. org/ 10. 1016/j. fertn stert. 2015. 04. 027

Thapar, A., Cooper, M., Eyre, O., & Langley, K. (2013, Jan). What 
have we learnt about the causes of ADHD? Journal of Child 
Psychology and Psychiatry, 54(1), 3–16. https:// doi. org/ 10. 1111/j. 
1469- 7610. 2012. 02611.x

Thornton, M., Williams, J., McCrory, C., Murray, A., & Quail, 
A. (2013). Growing up in Ireland. Design, instrumentation 
and procedures for the infant cohort at wave one (9 months). 
Department of Children and Youth Affairs.

van Mil, N. H., Steegers-Theunissen, R. P., Motazedi, E., Jansen, P. 
W., Jaddoe, V. W., Steegers, E. A., Verhulst, F. C., & Tiemeier, H. 
(2015). Low and high birth weight and the risk of child attention 
problems. The Journal of pediatrics, 166(4), 862–869 e861–863. 
https:// doi. org/ 10. 1016/j. jpeds. 2014. 12. 075

Wadhwa, P. D., Entringer, S., Buss, C., & Lu, M. C. (2011). The 
contribution of maternal stress to preterm birth: Issues and 
considerations. Clinics in Perinatology, 38(3), 351–384.

Wiles, N. J., Peters, T. J., Heron, J., Gunnell, D., Emond, A., & 
Lewis, G. (2006). Fetal growth and childhood behavioral 
problems: results from the ALSPAC cohort. American Journal 
of Epidemiology, 163(9), 829–837. https:// doi. org/ 10. 1093/ aje/ 
kwj108

Willoughby, M., Williams, J., Mills-Koonce, W., & Blair, C. (2020). 
Early life predictors of attention deficit/hyperactivity disorder 
symptomatology profiles from early through middle childhood. 
Development and Psychopathology, 32(3), 791–802. https:// doi. 
org/ 10. 1017/ S0954 57941 90011 35

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1017/S0954579418000421
https://doi.org/10.1007/s00404-018-4888-0
https://doi.org/10.1007/s10802-011-9504-8
https://doi.org/10.1007/s10802-011-9504-8
https://doi.org/10.1542/peds.2013-1434
https://doi.org/10.1542/peds.2013-1434
https://doi.org/10.1007/s10519-016-9784-4
https://doi.org/10.1007/s10567-010-0071-2
https://doi.org/10.1007/s10567-010-0071-2
https://doi.org/10.1016/j.fertnstert.2015.04.027
https://doi.org/10.1111/j.1469-7610.2012.02611.x
https://doi.org/10.1111/j.1469-7610.2012.02611.x
https://doi.org/10.1016/j.jpeds.2014.12.075
https://doi.org/10.1093/aje/kwj108
https://doi.org/10.1093/aje/kwj108
https://doi.org/10.1017/S0954579419001135
https://doi.org/10.1017/S0954579419001135

	Explaining the Association Between Fetal Growth and Childhood ADHD Symptoms: Cross-cohort Replication
	Abstract
	Introduction
	Aims of the Study
	Material and Methods
	Participants
	ABCD (United States)
	GUI (Ireland)
	Cohort Comparison


	Measures
	ADHD Symptoms
	Fetal Growth

	Familial Factors
	Socioeconomics & Demographics
	Family Psychiatric History

	Prenatal Factors
	Pregnancy Complications
	Maternal Substance-use in Pregnancy

	Data Analysis
	Data Cleaning
	Statistical Analysis

	Results
	Descriptive Statistics
	Inferential Statistics

	Discussion
	Conclusions
	References


