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is a longitudinal 
pregnancy cohort study

It evolved from 3 health concerns:
• Increasing burden of                          

mental disorders, especially 
maternal depression

• Increasing burden of 
neurodevelopmental disorders

• Concerns about nutritional impacts 
on maternal and child mental health 
and child 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 recruitment



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



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 
Assess-
ment
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

Parenting & 
Attachment
(6 & 18 months and 3-
5 years, n=275)

▪ Parent-child
interaction 
teaching scale

▪ Infant and Toddler 
CARE-Index

▪ Strange Situation 
Procedure (ABCD, 
DMM & MAC)

▪ Parent 
Development 
interview and 
Adult Attachment 
Interview (n=150)



Other Measures



Participants

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

Time point # sent 

questionnaires

# received 

questionnaires

Response Rate

A or B – 1st or 2nd

trimester

2189 2124 97.03%

B – 2nd trimester 539 479 88.87%

C – 3rd trimester 2030 1843 90.79%

E – 3 months 

postnatal

1960 1831 93.42%

F – 6 months 

postnatal

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

Biological Sex (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



Exemplar APrON Published 
Findings and Impacts

















Findings more 
pronounced 
for boys













ACES, Maternal Cortisol & Social Support

Maternal Cortisol, Infant Cortisol &
Social Support







• Women’s depressive symptoms impact children’s behavioural and brain 
development

• Social support attenuated impacts of maternal depressive symptoms on children

• Women’s exposure to ACES predict children’s behavioural problems, mediated by 
depression (postnatally) 

• Mothers with exposure to a higher number of ACES had altered prenatal cortisol 
output with lower levels of social support; mothers with altered prenatal cortisol 
predicted infant cortisol alterations, especially with lower social support

• Mothers who reported higher perceived social support reported less depressive 
symptoms

• Perceived maternal social support had a positive indirect association with 
maternal-infant interaction quality via its association with lower maternal 
depressive symptoms

• Higher maternal-infant interaction quality was associated with lower infant 
cortisol reactivity or larger decreases in infant cortisol

• These findings underpin 2 trials:

Summary

ATTACH



VID-KIDS: Video interaction 
guidance for mothers with 

depression and their infants



34

▪ Dr. Nicole Letourneau RN PhD, Alberta Children’s Hospital Foundation Research 
Chair in Parent-Infant Mental Health, University of Calgary

▪ Dr. Penny Tryphonopoulos RN PhD, Assistant Professor, Brandon University 

▪ Dr. Monica Oxford PhD, University of Washington, Executive Director of Parent-Child 
Relationships Programs 

▪ Denise Findlay RN, BSN, University of Washington, Director of Education and 
Outreach, Parent-Child Relationships Programs 

▪ Dr. Cindy-Lee Dennis RN PhD, Canada Research Chair in Perinatal Community Health, 
University of Toronto 

▪ Dr. Deb McNeil RN PhD, Director Research, Alberta Health Services

▪ Dr. Linda Duffett-Leger RN PhD, University of Calgary 

▪ Dr. Gillian Currie PhD, University of Calgary





Delivered by RN’s 
trained in Keys to 
Caregiving & Parent-
Child Interaction 
Assessment

3 home visits, lasting 
1-1.5 hours

• Videotaping mother-child 
interaction

• Teaching baby cues
• Reviewing video



Pilot RCT completed (n=12): 

• Did not affect s/s of depression

• Improved parent-child interaction 
scores

• Reduced infant cortisol levels

Measure Tx Mean (SD) Control Mean 
(SD)

P d

Depression 
(EPDS) Total

Pre-
test

17.17 (2.99) 13.67 (3.88)

Post-
test

14.00 (2.83) 12.33 (2.66) 0.456 0.42

Parent-Child
Interaction 
(NCATS Total)

Pre-
test

50.17 (4.26) 52.83 (5.85)

Post-
test

61.00 (4.52) 53.50(4.04) 0.007 1.43

Daily Decline 
of Infant 
Salivary 
Cortisol 

Pre-
test

650.2(0.29) 1208 (464.5)

Post-
test

1667(449.14) 856.1 (459.6) 0.027 0.939
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Control
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Invervention
(n=25)

Sensitivity to Cues Cognitive Growth Fostering

+/- 1 SD

FULL TRIAL IN TESTING WITH 
CALGARY PUBLIC HEALTH, current n=100; 
target 200 recruiting until 2021
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ATTACH™: Attachment and Child Health



• Psychoeducational intervention designed to help parents 
enhance and develop their capacity for better parent-child
relationships to promote child development

• Intended for at-risk parents suffering from toxic stress (e.g. 
(e.g. depression) current or past (e.g. ACES)

• 10 weekly face-to-face sessions

• Dyadic and triadic sessions with co-parent to build up social 
support

ATTACH™

Primary caregivers affected by toxic stress may be 

traumatized, depressed or distressed which reduces 

their regulation of the infant’s stress (e.g. are 

withdrawn, emotionally unavailable, or frightening). 

(Lyons-Ruth, 1999)



Distress/fear

Activation of 
attachment

Comfort 
seeking

Down-
regulation of 

emotions/HPA

(Mayes 2012) 
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Distress/fear

Activation of 
attachment

Comfort 
seeking

Down-
regulation of 

emotions/HPA

(Mayes 2012) 

Caregiver recognizes
child’s distress

Caregiver 
“regulates” 
own distress

ATTACH™



• RF is defined as the parents’ capacity to understand their own and 
their child’s mental states, feelings and thoughts (Steele 1996)

• RF contributes to a parent’s ability to regulate their own feelings and 
behavior toward their child, which may buffer the negative effects of 
toxic stress on attachment and development (Steele 1996)

Arietta Slade described reflective function—

“A mother’s capacity to reflect upon and understand her 
child’s internal experience is what accounts for the 
relation between attachment status and her child’s 
sense of security and safety.”

ATTACH™



High 
RF

High 
Maternal-

Infant 
Interaction 

Quality

Child 
Attach-
ment

Security

Healthy 
Child 

Develop-
ment

ATTACH™



• Focuses on teaching parents reflective function skills (to improve 
parent-child interaction, attachment and development) via 
practicing hypothetical and real life situations

• Promotes RF skill building by practicing RF via three processes:
• Video feedback of free play mother-child interactions 
• Hypothetical situations
• Real life situations

ATTACH™
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Next Steps

• Publication of APrON data on association between RF,  attachment 
and child development, to further support theory underpinning

• Test online delivery of 

• Examining genes/allelic variants that connote differential 
susceptibility and ePRS scores in APrON and potentially both trials

• Examine epigenetic changes associated with exposure to intervention

ATTACH™

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

The higher the plasticity index (indicating genetic susceptibility 
to the environment) and the more unresponsive were caregivers, 
the more children displayed internalizing problems



Effect Display for Interactions in the 
AIC-Best Model Explaining Child 

Externalizing Behaviour

In presence of CNR1, the more
controlling parents, the more
externalizing behaviours

In presence of DAT1-9R, the 
more controlling parents, the 
more externalizing behaviours



• 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 and DAT1-9r plasticity alleles interacted with higher

parental controlling behaviours in predicting more problem 
behaviours

• CNR1-A and DAT1-9r interacted with lower parental controlling 
behaviours in predicting fewer problem behaviours

Summary

Now examining plasticity alleles in
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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 ASD in independent 
cohorts.



• Pediatric-Buccal-Epigenetic (PedBE) clock of DNAm age accurately 
predicted chronological age

• The clock was characterized in multiple cohorts, showcasing the 
accuracy in longitudinal data, the performance in nonbuccal tissues 
and adult age ranges, and the association with obstetric outcomes

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

• We will use this in 

Summary



Want to know more?

APrONstudy.ca

Nicole.Letourneau@UCalgary.ca

@DrNLetourneau

ATTACH is available for online 
training with personal follow-
up: See attach.teachable.com

mailto:Nicole.Letourneau@UCalgary.ca

