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is a longitudinal 
pregnancy cohort study

It evolved from 3 health 
concerns:
• Increasing burden of                          

mental disorders

• Increasing burden of 
neurodevelopmental disorders

• Concerns about nutritional 
impacts on mental health and 
neurodevelopment 



Target population

•Pregnant women ≥16 years old

•<27 weeks gestation

•Able to complete questionnaires in 
English

•Not planning to move out of the city 
within 6 months of inclusion into study



1st Trimester 2nd Trimester        3rd Trimester                     3 months                  6 1               2             3

(1-13 weeks)         (14-26 weeks)      (27-42 weeks)                    post partum           months        year          years years

Physical Measurements
● Maternal nutrient 

status (blood)
● Maternal urine (18 wks)
● Anthropometrics
● Maternal & Paternal DNA

Physical Measurements
● Maternal nutrient status (blood) 
● Prenatal & delivery records
● Child neurocognitive assessment
● Child DNA (at 3 months only)
● Maternal and child anthropometrics
● Breast milk analysis

Questions About
● Infant health & development
● Maternal mental & physical   

health
● Infant/child feeding
● Maternal diet & activity

Questions About:
● Diet & activity
● Mental & physical health
● Medical history
● Biological fathers
● Co-variates

Delivery

Measurements



Participants

We have ~2200 mothers, ~1300 fathers and 2225 children enrolled 

Time point # sent 

questionnaires

# received 

questionnaires

Response Rate

A or B – baseline 

survey

2189 2124 97.03%

B – follow-up 539 479 88.87%

C – follow-up 2030 1843 90.79%

E – follow-up 1960 1831 93.42%

F – follow-up 1930 1538 79.69%



Mothers
Maternal Characteristics  (n) n (%) 

Maternal Age   (2143) Mean (SD) 31.1±4.5

Parity  (2103) Nulliparous   1185 (56.3%)

Primiparous   714 (33.9%) 

Multiparous    204 (9.7%)

Marital Status   (2104) Married 1780 (84.6%)

Common-law 240 (11.4%)

Single 69 (3.3%)

Divorced 8 (0.4%)

Separated 7 (0.3%)

Maternal Education    (2084) Less than high school diploma 58 (2.8%)

Completed high school diploma 200(9.6%)

Completed trade, technical 406(19.5%)

Completed University 948 (45.5%)

Completed post-grad 472(22.6%)

Ethnicity     (2098) Caucasian 1684 (80.3%)

Other 414 (19.7 %)

Family Income    (2081) Less than $20,000 66 (3.2%)

$20,000-$39,999 121 (5.8%)

$40,000-$69,999 279 (13.4%)

$70,000-$99,999 467 (22.4%)

$100,000 or more 1148 (55.2%)



Children

Child Characteristics (n) Mean (SD) or n (%) 

Gestational Age (wk) (2089) 38.8 ± 2.15

Birth weight (kg) (2079) 3.33 ± 0.54

Gender (2090) Female 980 (46.9%)

Male 1110 (53.1%)



2009 2010 2011 2012 2013 2014           2015             2016             2017             2018             2019

5 Year Follow-up

8 Year Follow-up
2017- 2020

1st APrON Baby Born
Oct 2009

Last APrON Baby Born
Feb 2013

Recruitment and Surveys Data 
cleaning

1 Year Follow-up Data 
cleaning

2 Year Follow-up Data 
cleaning

3 Year Follow-up Data 
cleaning

12 Year Follow-up 
2021- 2025

Data 
cleaning

Timeline



Measures of Development
Birth-2 years

▪ Infant Behavior 
Questionnaire-
revised (IBQ-R)

▪ Scales of 
Independent 
Behaviour-
Revised (SIB-R)

▪ Brief Rating 
Inventory of 
Executive 
Function (BRIEF)

▪ Child Behavior 
Checklist (CBCL)

3-5 years

▪ BRIEF-
Preschool

▪ CBCL 

▪ Behavior 
Assessment 
System for 
Children 
(BASC) II

Neurocognitive*

(2, 3 and/or 5 years, 
n=600)

▪ Bayley II/III

▪ Weschler Preschool 
Primary Scale of 
Intelligence 
(WPPSI) IV

▪ NEPSY (Neuropsych
Assessment)

▪ Movement 
Assessment Battery 
for Children 
(MABC) II

* For more information contact dmdewey@ucalgary.ca



Exemplar Published Findings







Rationale
• Folate, Vitamin B12 and B6 are essential for 

early embryonic development and impact 
health later in life

• Folic acid fortification of cereal grains 
became mandatory in Canada in 1998

• Animal models show that folic acid at 20X 
recommended relates to embryonic delays, 
growth retardation, and reduced fetal weight 
and length

• Other negative impacts of high folate status 
include masking of Vitamin B12 (deficiency) 
and neurological disruption, cancer, immune 
function changes and epigenetic regulation 
disruption

Research Aim and 
Participants

• Describe folate status and 
relationship to supplementation 
and to assess Vitamin B12 and 
B6 in pregnant women

• N=599



Red Blood Cell Folate Status 
in APrON Women

1st Trimester 2nd Trimester 3rd Trimester

N Median (95%CI) N Median (95%CI) N Median (95%CI)

All Women 122 1280
(1114,1393)

520 1504
(1450,1568)

446 1462
(1421,1529)
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Estimated Folate/Folic Acid Intake



Summary

• Overt folate deficiency was rare
• 24% of women had suboptimal RCB folate concentrations (<906 nm/L) at the 

start of pregnancy 

• Most had excess folate

• Women consuming folic acid supplements had high RBC folate and 
plasma folate concentrations

• Vitamin B12 and B6 deficiency was also rare (<1%)

• Questions appropriateness of folate supplementation during pregnancy 
in women who are healthy and at low risk for nutritional deficiencies





Rationale

• Choline has been recognized as an 
essential nutrient since 1998

• Needs increase in pregnancy and 
lactation
• Plays vital role in fetal development, 

particularly brain

• Little human data available to 
estimate requirements

• Adequate Intake (AI) values:
• Pregnancy 450 mg/d

• Lactation 550 mg/d

• Nutrient databases (USDA and CNF) 
have limited choline information

Research Aim and 
Participants

• Estimate dietary intake of 
choline during pregnancy 

• N=600



Dairy, eggs, and meat are major food 
categories contributing to total choline 

intake in pregnancy

21%

12%

11%

9%
8%

8%

6%

4%

3%

3%

3% 2% 10%

Dairy
Eggs
Meat
Poultry
Vegetables
Baked products
Fruits
Legumes
Fish and shellfish
Mixed dishes
Fast foods
Sugars and sweets
Other



Choline Intake in Pregnancy and 
Lactation

n=228 n=989 n=874
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Daily recommendations met by 23% in pregnancy and 10% in 
lactation



Summary

• Average choline intake was below Adequate Intake (AI)
• <25% of APrON women met AI during pregnancy

• <10% of APrON women met AI during lactation

• Milk and egg consumption were major contributors to total choline 
intake

• Aug 2016: European Food Safety Authority used this information in 
revision of their Dietary Reference Values for Choline



Policy Impact







Rationale

• Research has revealed the within-
generation impact of ACEs on children 
and adults over their lifespan.

• Prenatal and postnatal depression and 
anxiety have been linked to internalizing 
and externalizing behavioural problems 
in their children. 

• Growing evidence suggests that 
mothers’ exposures to ACEs may also 
increase children’s risk for behavioural 
problems.

Research Aim and 
Participants

• Understand the association 
between maternal ACEs, 
depression and anxiety and 
children’s behavior

• N=907





Boys more 
affected





• Mothers exposure to ACEs is associated with their prenatal depression 
and anxiety and externalizing problems in children.

• Together, maternal depression and anxiety is associated with the effects 
of maternal ACEs on children’s internalizing and externalizing 
behaviours.

• It was found that boys were more vulnerable to the indirect effects of 
maternal ACEs than girls.

Summary





• Early life exposures have extraordinary 
potency to direct developmental 
trajectories because they calibrate the 
function of the stress response 
systems, which regulate a wide range 
of adaptive functions. 

• The processes by which positive social 
relationships become biologically 
embedded remain poorly understood.

• Understand how positive social 
relationships are biologically 
embedded in children.

• Determine if prenatal social 
support is indirectly associated 
with the regulation of infant 
stress response.

• N=272

Rationale
Research Aim and 
Participants





• Women who reported higher perceived social support in early pregnancy 
reported less prenatal depression symptoms.

• Perceived social support has a positive indirect association with 
maternal-infant interaction quality via its association with lower 
maternal depressive symptoms reported during pregnancy.

• Higher maternal-infant interaction quality was associated with lower 
infant cortisol reactivity or larger decreases in cortisol in response to the 
frustration stressor.

Summary







• Few studies have examined the 
associations between maternal depression 
and children’s brain structure. 

• Current studies are limited to infants or 
school-aged children. Leaving a critical gap 
in knowledge of brain abnormalities 
during early childhood.

• Understanding the brain abnormalities 
associated with perinatal depressive 
symptoms can highlight brain regions 
sensitive to such effects and provide 
information about potential mechanisms 
linking maternal depression with negative 
behavioral and cognitive outcomes.

• Understand the associations 
between perinatal depressive 
symptoms and brain structure in 
preschool-aged children. 

• N=52

Rationale
Research Aim and 
Participants





• Observed associations between children’s cortical thickness and 
maternal depressive symptoms in the second trimester and postpartum 
only, suggests that these may be vulnerable times for child’s brain 
development. 

• Thinner cortex and lower diffusivity was observed and suggest altered 
brain development and earlier brain maturation in children who were 
exposed to higher levels of maternal depressive symptoms.

• Results suggest that children exposed to higher levels of maternal 
depressive symptoms can result in premature brain development and 
reduced plasticity.

Summary





• BPA is an endocrine disrupting chemical 
(ECDs).
• In North America, over 90% of the population has 

detectable levels of urinary BPA. 
• BPA can pass through the placenta and cross the 

blood brain barrier, meaning the fetal brain is 
likely exposed during gestation.

• Mounting evidence that show early life 
exposure to EDCs may play a role in the 
increasing prevalence of neurobehavioral 
and neurodevelopmental deficits 
worldwide.

• Animal studies show that white matter is 
particularly sensitive to early exposure to 
BPA suggesting that it is an important 
avenue to investigate in order to better 
understand the effects of BPA in humans.

• Investigate the associations 
between prenatal & postnatal 
BPA exposure and white matter 
structure in preschool aged 
children. 

• N = 98 

Rationale
Research Aim and 
Participants



Human Research

Bisphenol A

BehaviorBrain 

White Matter

Altered: 

Internalizing Behavior 

(Increased anxiety, 

depression)

Externalizing Behavior

(Increased aggression,  

attention deficits)

Wolstenholme, J. T. et al., (2011). 

?



Figure 2: Mediation model in which 
prenatal BPA levels and child white 
matter microstructure of the splenium 
were examined in relation to child 
internalizing behavior. Standardized beta 
coefficients, and standard errors in brackets, 
are reported; *p≤ 0.05, **p≤0.01.  Note 
that the final model was adjusted for child 
sex and age at scan, as well as maternal 
urinary creatinine.    



• Findings suggest that prenatal period is more sensitive to BPA 
exposure.

• Evidence found for young children exposed to greater BPA levels 
prenatally to have altered white matter microstructure. 

• Findings suggest children who were exposed to higher doses of 
BPA during the second trimester were associated with 
microstructural alterations in inferior and posterior white matter 
tracts of young children.

• Findings provides support for the hypothesis that underlying 
alterations in white matter microstructure may be a mechanism 
by which early life exposure to BPA induces negative behavioral 
outcomes.

Summary







• Belsky & Beaver (2011) created plasticity index 
from allelic variants
• DAT1-10r, DRD2, DRD4-7r, 5HTTLPR-s, MAOA-2r and

MAOA-3r

• Scores ranging from 0 (none of the alleles) to 5 (all 
of them)

• This index has been used in subsequent studies of 
G x E interaction (e.g. Belsky, 2015)

• Early life: parent-child relationship regulates child 
response to stress before child can self-regulate.

• (Conradt & Ablow, 2010; Letourneau, Watson, Duffett-Leger, 
Hegadoren, & Tryphonopoulos, 2011)

• Well established that low quality parent-child 
relationships portend behavioural problems in 
children (e.g. multiple Harvard Center reviews)

• High quality parent-child relationships are 
considered protective
• Buffer impacts of stress on child development

• Determine interaction between 
parent-child relationship and 
biomarkers of differential 
susceptibility, and children’s 
behavioural problems in a 
normal sample.

• N = 176 

Rationale
Research Aim and 
Participants



Model <AIC> 𝜟 <AIC> AIC weight
Cumulative 

Prob

Fixed + Unresponsive * Plasticity 
Index 1028.467 0.517 0.517

Fixed + (Sensitive + Unresponsive) * 
Plasticity Index 1030.745 2.278 0.166 0.683
Fixed + Controlling * Plasticity Index 1031.748 3.281 0.100 0.783

Fixed + (Controlling + Unresponsive) 
* Plasticity Index 1032.009 3.542 0.088 0.871
Fixed + Sensitive * Plasticity Index 1032.591 4.124 0.066 0.937

Internalizing Behaviours
AIC-Best Regression Models for Child Internalizing Behaviours Using Plasticity Index

Regression Coefficients and Statistic for Gene x Parent-Child Relationship on 
Internalizing Behaviours Using Plasticity Index

Predictor
Mean 
effect

SE Average P-
value

% Imput.
P <0.05

Plasticity Index -1.087 0.522 0.043 70

Ethnicity -1.070 0.821 0.195 0

Unresponsive -0.674 0.346 0.057 40

Unresponsive*Plasticity Index 0.153 0.070 0.034 80

Infant Age 0.438 0.117 0.000 100

Sex 0.604 0.685 0.379 0



Externalizing Behaviours
AIC-Best Regression Models Considered for Externalizing Behaviours

Model <AIC> 𝜟 <AIC> AIC weight Cumulative P
Fixed + Controlling*(CNR1-A + DAT1-9-
repeat) 1164.910 0.050 0.050
Fixed + Unresponsive*CNR1-A 1166.155 1.245 0.027 0.077
Fixed + Controlling*(CNR1-T + CNR1-A 
+ DAT1-9-repeat) 1166.464 1.555 0.023 0.101
Fixed + Controlling*(CNR1-A) 1166.649 1.740 0.021 0.122
Fixed + Unresponsive*(CNR1-T + CNR1-
A) 1166.659 1.749 0.021 0.143

Regression Coefficients and Statistics for Regression of Gene x Parent-Child Relationship on Externalizing 
Behaviours

Predictor
Mean 
effect

SE Average P-
value

% Imput.
P <0.05

CNR1-A -7.132 3.333 0.037 70
DAT1 9-repeat -4.474 2.250 0.064 50
Ethnicity -0.974 1.185 0.413 0
Controlling -0.122 0.155 0.435 0
Infant Age 0.417 0.052 0.000 100
Controlling*DAT1 9- repeat 1.220 0.557 0.036 60
Sex 1.475 1.012 0.148 0
Controlling*CNR1-A 1.622 0.623 0.010 100



Effect of Interactive Terms in the AIC-Best Model Explaining Internalizing Behaviours

Effect Display for Interactions 
in the AIC-Best Model 

Explaining Child Externalizing 
Behaviour



• INTERNALIZING BEHAVIOUR:
• Higher scores on plasticity index interacted with higher parental 

unresponsiveness in predicting more problem behaviours

• Higher scores on plasticity index interacted with lower parental 
unresponsiveness in predicting fewer problem behaviours

• EXTERNALIZING BEHAVIOUR:
• CNR1-A plasticity allele interacted with higher parental controlling 

behaviours in predicting more problem behaviours

• CNR1-A interacted with lower parental controlling behaviours in 
predicting fewer problem behaviours

• Similar outcomes for those who possessed DAT1-9r plasticity 
allele

Summary





• Expressed concern for the potential effects 
of BPA exposure on brain development 
and behaviour in fetuses, infants and 
children.
• (as reported by the National Institute of 

Environmental Health)

• Mechanisms by which BPA exposure is 
associated with these behavioural 
outcomes are not known. The HPA axis is a 
potential mechanism because it mediates 
many effects of early life exposure on 
development.

• The potential effect of BPA exposure on 
the development of the hypothalamic-
pituitary-adrenal (HPA) neuroendocrine 
system has only recently been investigated 
in computer and rodent models. 

• Examine sex differences in 
associations between 
prenatal maternal urinary 
BPA concentration and HPA 
axis function in 3 month old 
infants.

• N = 132

Rationale
Research Aim and 
Participants





• Findings suggest fetal/infant sex plays a critical role in the 
association between maternal BPA concentration and 
children’s HPA axis function.

• For females, elevated maternal BPA was associated with 
elevated baseline cortisol, whereas in males it was 
associated with decreased baseline cortisol.

• The greater maternal urinary total BPA concentration was 
associated with attenuation of infant cortisol reactivity in 
female infants but potentiation of cortisol reactivity in male 
infants.

Summary





• DNA methylation is the most studied 
mark in human population 
epigenetics.

• Epigenetic age, based on CpG 
methylation and often referred to as 
DNA methylation (DNAm) age, has 
emerged as a highly accurate 
estimator of chronological age.

• However, current epigenetic clocks are 
not very accurate in the pediatric age 
range perhaps because DNA 
methylation changes much faster in 
children.

• Aimed to develop a highly 
accurate, non-invasive, 
biological measure of age 
specific to pediatric samples 
using buccal epithelial cell 
DNAm.

• N = 139

Rationale
Research Aim and 
Participants



Longitudinal data demonstrated 
higher accuracy of the PedBE clock 
as compared to the pan-tissue 
Horvath DNAm clock.

Pediatric buccal DNA methylation age accurately 
predicted chronological age.

PedBE deviation was associated with gestational age at 3 
and 9 mo and individuals diagnosed with ASD in 
independent cohorts.



• Pediatric buccal DNA methylation age accurately predicted 
chronological age.

• The Pediatric-Buccal-Epigenetic (PedBE) clock was characterized in 
additional cohorts, showcasing the accuracy in longitudinal data, the 
performance in nonbuccal tissues and adult age ranges, and the 
association with obstetric outcomes.

• Findings show infants with a higher gestational age had an older 
PedBE age.

• PedBE age in children with a neurodevelopmental disorder, ASD, 
which showed a higher PedBE age than those considered to be 
typically developing.

Summary



Data Access: SAGE

Partnership project to 
support and manage the use 
of administrative and 
research data

Discuss project 
with 

appropriate 
APrON 

investigator(s) 

Complete SAGE 
request form, 

detailing project 
objectives, data 
variables, etc.

APrON project 
manager 
informs 

applicants of 
mgt team’s 

decision

Requests go to 
management 

team.

Secondary Analysis to 
Generate Evidence
https://policywise.com/sage/

https://policywise.com/sage/




Extra Slides







MEASURES

SAMPLE
n = 82 women

All reported that they 
were in a romantic 

relationship.

• Cortisol
• Self-collected saliva at home 

for 2 days (did this 3 times)
• Perceived Social Support from 

Romantic Partner
• Social Support Effectiveness 

Questionnaire (SSEQ)

OBJECTIVES

Understand if individual 
differences in social support 

alter psychological distress and 
cortisol during pregnancy.

Research Aim and Participants





Summary

• Women with relatively higher levels of perceived effective 
social support had lower psychological distress scores.

• Effective social support weakened the within-person 
association between psychological stress and cortisol.

• Social support shows it can be a buffer to the effects of 
psychological distress on the maternal HPA axis during 
pregnancy.



White Matter Tracts

Fractional Anisotropy (FA) & Mean Diffusivity (MD)

Isolated white matter tracts. A) dark green: genu of corpus callosum, lime green: body of corpus callosum, mint 

green: splenium of corpus callosum, dark blue: left inferior fronto-occipital fasciculus (IFO), light blue: left inferior 

longitudinal fasciculus (ILF); B) pink: left pyramidal, silver: left superior longitudinal fasciculus including the arcuate 

fasciculus (SLF), red: left uncinate fasciculus (UF); C) orange: left cingulum bundle, yellow: fornix. Tracts are shown 

on a T1-weighted image from a male 3.7 years of age. 



Summary

• Children with a higher scores on the plasticity index interacted 
with higher parental unresponsiveness in predicting more child 
internalizing problem behaviours, such as anxiety or depression. 

• Children with higher scores on the plasticity index interacted with 
higher parental responsiveness, predicting fewer internalizing 
behaviours in children.

• Children with the CNR1-A plasticity allele and experienced more 
controlling caregiver behaviour had significantly more 
externalizing behaviours. 

• Children with the CNR1-A plasticity allele and experienced lower 
controlling caregiver behaviour actually showed fewer 
externalizing behaviour.


