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A B S T R A C T

Background: Children exposed to adversity and toxic stress are at increased risk for poor health across the lifespan,
possibly through alterations to immune pathways. Parenting interventions could buffer the effect of adversity on
child immune activity. The purpose of this study was to test whether mothers and children who were randomly
assigned to a parenting intervention (ATTACH™) had healthier post-intervention immune cell gene expression
patterns, as indexed by the Conserved Transcriptional Response to Adversity (CTRA), compared with mothers and
children in a wait-list control group.
Methods: A sample of 20 mother-child dyads were recruited from a domestic violence shelter in Calgary, AB,
Canada. The ATTACH™ program is a 10-week psycho-educational intervention that fosters maternal reflective
function, i.e. how to understand and respond to mental states. Dyads were randomly assigned to an intervention
or wait-list group. Dried blood spots were collected from both groups post-intervention, subjected to RNA
sequencing, and assessed for CTRA gene expression using mixed effect linear model analysis. Covariates were age,
child sex, maternal race/ethnicity, and maternal medication use.
Results: In unadjusted models, differences by treatment group were detected, F(1,1794) ¼ 4.26, p ¼ .039. Mothers
and children who completed the ATTACH™ intervention had lower CTRA scores, indicating healthier immune
cell gene expression profiles (Mn ¼ �0.36, SE ¼ 0.17), compared with mothers and children in the wait-list
control group (Mn ¼ 0.11, SE ¼ 0.15). Results persisted after controlling for covariates.
Discussion: ATTACH™ participation predicted healthier immune cell gene expression profiles post-intervention
compared with wait-list controls. Parenting interventions could decrease the impact of toxic stress on
maternal-child immune health.
1. Introduction

Early life exposure to adverse childhood experiences (ACEs), such as
domestic violence, is associated with a range of poor health outcomes
across the lifespan, including increased risk for cardiovascular disease,
obesity, and depression (Brent, 2013; Cuijpers et al., 2011). The immune
system is one pathway through which adverse early life exposures affect
child health outcomes (Miller et al., 2011). ACEs can increase risk for
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poor health behaviours, such as poor eating habits and less physical ac-
tivity, and affect activation of stress axes
[hypothalamic-pituitary-adrenal (HPA) and sympathetic-adrenal me-
dulla (SAM) axes], which can have downstream effects on the immune
system, potentially skewing towards a pro-inflammatory state, with
increased risk for suboptimal health outcomes (Irwin and Cole, 2011;
Sapolsky et al., 2000). As such, identifying factors that buffer the effect of
early life adversity on the immune system could have implications for
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reducing risk for inflammatory-related diseases in children affected by
adversity.

Quality parenting is one factor that could buffer the effect of early life
adversity on child outcomes (Barlow, 2013; Morris et al., 2017). Quality
parent-child relationships are a key foundation for healthy child social,
behavioural, andmental development (Letourneau et al., 2015). Growing
evidence suggests that quality parenting is associated with better im-
mune and health outcomes as well. For example, in a sample of 163
adults, secure attachment with a parent at 12- to 18-months of age was
prospectively associated with a lower risk for inflammatory illness, such
as cardiovascular disease and asthma, at 32-years of age (Puig et al.,
2013). Another study of 242 mothers and children reported that higher
maternal sensitivity was associated with reduced risk of the child's
development of atopic dermatitis, a common precursor to asthma and
allergies, both inflammatory diseases (Letourneau et al., 2017). Prob-
lematic parental behaviours, such as lower parental monitoring, lower
frequency of positive parenting behaviours, and higher frequency of
aggressive parenting behaviours, are associated with higher
pro-inflammatory marker C-reactive protein (CRP) at 10 years of age
(Byrne et al., 2017), and these differences persist into the teenage years
(Byrne et al., 2017). And among infants exposed to adversity (parental
depression), those who did not have secure parent attachment demon-
strated higher scores on a pro-inflammatory composite [calculated from
salivary interleukin (IL)-1β, IL-6, IL-8 and tumor necrosis factor(TNF)-α]
at 17-months of age, compared with infants who were securely attached
to parents (Measelle and Ablow, 2018). Collectively, this suggests that
quality parent-child relationships are associated with more optimal in-
flammatory profiles, even for children exposed to adversity.

As such, interventions that promote quality parenting in the context
of adverse circumstances could, theoretically, buffer the effect of those
circumstances on child inflammatory and immune outcomes. The ma-
jority of parenting intervention studies that have assessed impact on
biomarkers have focused on the HPA axis. Evidence suggests that
parenting interventions in the context of adversity (foster care, maternal
drug addiction, domestic violence, and poverty) predict improved
diurnal cortisol patterns (Bakermans-Kranenburg et al., 2008; Bernard
et al., 2012, 2015; Dozier et al., 2006; Field et al., 1998; Fisher et al.,
2000, 2006) and stress-induced cortisol responses (Berlin et al., 2019;
Dozier et al., 2008). (For null results, see DePasquale et al., 2018; Singla
et al., 2015). Outside the HPA axis, one other study examined the effect
of a parenting intervention on child body mass index (adipose tissue
produces inflammatory markers) and reported that an intervention dur-
ing infancy predicted lower body mass index at 3-years of age (Paul et al.,
2018). Only one study was identified that examined the effect of a
parenting intervention on child immune and inflammatory outcomes.
The Strong African American Families (SAAF) psychosocial intervention
focused on improving parenting, strengthening family relationships, and
building youth competencies among low socioeconomic status (SES)
African Americans from rural Georgia. The seven-week intervention
occurred when the children were 11 years old, with a follow-up at age 19
years. Compared with control participants, 19 year-olds who had
completed the intervention had lower pro-inflammatory phenotype
(Miller et al., 2014) and lower immune-derived DNA methylation age
(Brody et al., 2016). Although this is only one study, findings from the
SAAF intervention suggest that interventions that improve parenting
could help buffer the effect of childhood adversity (low SES) on child
immune activity, with implications for future health risks.

Challenges in parenting programs include high burden due to many
months of program delivery, and specificity to narrow populations that
makes them difficult to implement broadly in community settings (Anis
et al., 2020). The Attachment and Child Health (ATTACH™) program is
designed to address these issues: It is relatively short (10 weeks) and
designed for a variety of client populations affected by ACEs, including
families affected by homelessness, poverty, addiction, domestic violence
and mental health issues (Anis et al., 2020; Letourneau et al., 2020). The
ATTACH™ intervention aims to promote secure attachment in families
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exposed to adverse experiences by teaching parental reflective function
skills. Parental reflective function is the ability for parents to imagine
mental states (e.g., thoughts, feelings, desires, beliefs, and intentions) in
themselves and their children (Fonagy et al., 2002; Slade, 2005, 2007).
Parental reflective function could be crucial for sensitive and responsive
interactions between parents and their children (Fonagy et al., 2002;
Midgley and Vrouva, 2012). Indeed, in randomized control trials,
participating in the ATTACH™ program predicted improvements in
parental reflective function, parent-child interaction quality, and child
developmental outcomes, such as personal-social outcomes (Anis et al.,
2020), and improvements in child attachment (Letourneau et al., 2020).
The impact of the ATTACH™ program on health or biological outcomes
has not been tested. But if interventions like ATTACH™, which are
designed to be low-burden and implementable in diverse community
contexts, do predict improved health and biological outcomes, they have
the potential to be broadly rolled out and reduce the disease burden of
children affected by adversity.

Additionally, although the primary aim of parenting interventions is
to improve child outcomes, it is also possible that they could benefit
parental outcomes. Parenting in the context of adversity could also be a
stressful experience, and exposure to current chronic stress or adverse
circumstances is also associated with poor health outcomes, including
pro-inflammatory immune activity (Cole, 2019; Fredrickson et al., 2013;
Ross et al., 2019). Giving parents the tools that help them be more
confident in their parenting, even in the context of adversity and chronic
stress, could alleviate the effect of that stress on parental health and
well-being. The effect of parenting interventions on parental health and
well-being, however, has not been tested.

The purpose of this study is to test whether the ATTACH™ program
predicts more optimal indicators of immune activity in both mothers and
children, as indexed by immune cell gene expression. Specifically, this
study focused on the Conserved Transcriptional Response to Adversity
(CTRA) (Cole, 2019), a pattern of gene expression robustly predicted by
exposure to a range of adverse contexts, and characterized by higher
pro-inflammatory gene transcripts and lower anti-viral gene transcripts.
Higher CTRA scores are associated with risk for disease and poor health,
including cardiovascular disease and decreased antiviral responses (Cole,
2019). It was hypothesized that mothers and children who completed the
ATTACH™ program would demonstrate lower CTRA scores compared to
mothers and children in the wait-list control group.

2. Methods

2.1. Participants

A sample of 20 mother-child dyads were recruited from a domestic
violence shelter in Calgary, AB, Canada. The domestic violence shelter
houses women and families who left a male abuser (mothers were not the
abusers). The shelter is specifically designed to protect the families from
the abuser: The address is not publicly available, all visitors are screened
by staff in a locked entry cubicle before admittance, and only visitors on
an expected visitor list are given entry. To be eligible, parents were
required to read and write in English, have a child less than six years of
age for whom they were the primary custodian (i.e., vs. child appre-
hended by child welfare or in the care of a partner or kin), and were not
planning to relocate in the next three months. Sample characteristics are
presented in Table 1. Mothers were on average 31.5� 4.93 years old, and
children 40.4 � 32.8 months old. Children were evenly split by sex (55%
female). The sample was also diverse, with 70% of mothers identifying as
not White (35% Indigenous).

2.2. Procedure

The families were randomized to treatment group (n ¼ 9) and control
group (n ¼ 11) by study personnel based on a random assignment
schedule created by an unbiased third-party research staff before



Table 1
Sample characteristics.

Total (N ¼ 20) Intervention
(N ¼ 9)

Control (N ¼ 11)

% (N) or
Mn � SD

% (N) or Mn � SD % (N) or
Mn � SD

Child Sex (female) 55% (11) 56% (5) 55% (6)
Parent race/ethnicity
White/Caucasian 30% (6) 22% (2) 36% (4)
Indigenous 35% (7) 56% (5) 18% (2)
African-American/
Black

10% (2) 0% (0) 18% (2)

Asian 15% (3) 22% (2) 1% (1)
Hispanic or Latin 5% (1) 0% (0) 1% (1)
Middle East 5% (1) 0% (0) 1% (1)
Maternal Age (years) 31.5 � 4.93 31.4 � 6.78 31.6 � 3.05
Child Age (months) 40.4 � 32.8 34.8 � 20.1 44.9 � 40.8
Maternal medication
use

21% (4) 22% (2) 18% (2)
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recruitment (Doig and Simpson, 2005) The treatment group received the
ATTACH™ intervention immediately; the waitlist control group also
received the ATTACH™ intervention, but after the treatment group had
completed the intervention and post-intervention assessment. Social
support (e.g., information about community resources, emotional and
affirmational support) is also provided, as needed, to both mothers in the
ATTACH program and on the wait-list control, by interventionists and/or
community agency staff. Dried blood spots (DBS) were collected once
from mothers and children after the treatment group completed the
ATTACH™ intervention, and before the wait-list control families began
the ATTACH™ intervention.

2.3. The ATTACH™ program

The ATTACH™ program is comprised of a brief 10-week psycho-
educational parenting intervention with dyadic (mother and child) and
triadic (mother, child, and co-parenting support person) components to
foster parental reflective function through practice (Supplemental
Figure 1; Anis et al., 2020; Letourneau et al., 2020). It is a broadly tar-
geted to families affected by adversity (i.e., not tailored to a specific
client population), and is designed to be minimally burdensome, to be
provided in addition to or to complement existing agency programming,
and to be deliverable by community agency staff (for more details, see
Anis et al., 2020; Letourneau et al., 2020). During weekly sessions, the
facilitator helps the parents learn new reflective function skills, accom-
plished through leading by example, asking questions and providing
ample opportunities to practice reflective function skills. ATTACH™
intervention sessions include three components. First, parent-child in-
teractions are videotaped during 3–5 minutes of free-play for review and
discussion. During the video feedback, the ATTACH™ facilitator explores
the parents' perceptions of themselves and their children, and maximizes
opportunities to practice reflective function, e.g., a mother may be asked
to consider what may be happening in her mind and the mind of her child
during a shared smile in the videotaped interaction. Second, a hypo-
thetical, mildly stressful situation is discussed. Hypothetical situations
encourage imagining others' thoughts and feelings in a common daily
hassle, such as during dinner when the child throws food on the floor.
Finally, day-to-day real-life stressful situations are discussed. Real-life
stressful situation reviews revolve around parents' and others' thoughts
and feelings as the stressful situation is described in detail then
re-evaluated using the parents’ developing reflective function skills.
When co-parents are present, only the free-play videotaped interactions
and hypothetical situations are examined, as discussing real-life stressful
situation may induce conflict. Once the therapeutic relationship is
established (after six one-on-one sessions of therapy), parents invite a
friend or family member to be a co-participant in the intervention, and to
provide additional parenting support (termed “co-parents,”e.g.,
3

grandparents, relatives, friends, or other support person). Co-parents
co-attend 2–3 sessions, typically at sessions 7 and 9, spaced 2 weeks
apart.

2.4. Inflammatory gene expression

A non-fasting blood sample was collected from the parent and child
onto a DBS card and assayed for genome-wide transcriptional profiles
using RNAseq, as described below. Samples were collected at the com-
munity agency by trained research staff. Briefly, a finger was lanced, and
capillary blood collected on filter paper. DBS cards were allowed to dry
overnight, and then stored at�80 �C at the Owerko Centre, University of
Calgary.

DBS were shipped to the UCLA Social Genomics Core Laboratory for
RNA extraction, as previously described (McDade et al., 2016). RNA
samples were converted to cDNA libraries using the QuantSeq 30

mRNA-Seq Library Prep Kit FWD for Illumina (Lexogen Inc. Greenland,
NH) and sequenced using an Illumina HiSeq 4000 instrument (Illumina
Inc., San Diego CA), following the manufacturer's standard protocol. The
QuantSeq assay is highly sensitive and produces reliable results even for
moderately degraded samples (valid down to RNA Integrity Number
value of 3) and is thus well suited for assay of DBS-derived RNA samples.
Sequencing targeted > 10 million reads per sample (average ¼ 16.8
million), each of which was mapped to the hg38 reference human tran-
scriptome sequence using the STAR aligner (Dobin et al., 2013) (average
91.9% mapping) for quantification of gene-specific read counts per
million total mapped reads. Transcript abundance values were subse-
quently normalized to equate expression of 11 human reference genes
(Eisenberg and Levanon, 2013), floored at 1 transcript per million to
suppress spurious variance, log2-transformed to stabilize variance,
screened to exclude transcripts that varied by < 0.5 log2 units across
participants (to remove genes that were generally undetectable or
showed no appreciable variation in expression levels across samples),
and z-score standardized within gene to facilitate analysis by linear sta-
tistical models as outlined below.

2.5. Data analysis

Gene expression data were analyzed using standard methods for
targeted hypothesis testing for the CTRA profile in genome-wide tran-
scriptional data (Cole et al., 2003, 2005; Fredrickson et al., 2013). Pri-
mary analyses examined the effect of intervention group (ATTACH™ vs
control) on average expression of an a priori-specified set of 19
pro-inflammatory gene transcripts (e.g., IL1B, IL6, IL8/CXCL8,
COX2/PTGS2, TNF) and 34 Type I interferon- and antibody-related gene
transcripts (e.g., IFNB, IRF7, IFI27, MX1, OAS1; all sign-inverted to reflect
their inverse contribution to the CTRA profile) (Cole, 2019). Six of the
pre-specified indicator genes were unavailable for analysis (excluded due
to minimal variation; SD < 0.5 log2 units), leaving a total of 47 CTRA
indicator genes for analysis. Data were analyzed using mixed effect linear
models that treated the 47 available CTRA indicator genes as a repeated
measure, specified a random subject-specific intercept nested within a
random family-specific intercept to account for association among re-
siduals across the repeated measures, and quantified the association
between average indicator gene expression and experimental condition
while controlling for parent vs child status. Secondary analyses also
controlled for variables that could be related to immune cell gene
expression patterns: Age, child sex, ethnicity, and maternal medication
use. None of the mothers reported presence of any acute infection at
blood sampling; no medication use was reported for any of the children.

3. Results

Unadjusted models were first run to test differences in CTRA gene
expression in mothers and children in the ATTACH™ program treatment
and wait-list control groups. Results of primary analyses showed
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significant differences in CTRA indicator gene expression based on
treatment, F(1,1794)¼ 4.26, p¼ .039. Specifically, mothers and children
who had completed the ATTACH™ program had lower CTRA index
scores (Mn ¼ �0.36, SE ¼ 0.17), compared with mothers and children in
the wait-list control group (Mn ¼ 0.11, SE ¼ 0.15). To test whether the
effect of the intervention differed for mothers and children, a treatment-
by-mother/child interaction was also tested. The interaction term was
not significant, F(1,1794) ¼ 0.19, p ¼ .662, suggesting that the effect of
the intervention on CTRA profiles was similar for both mothers and
children (Fig. 1).

Models were also run adjusting for participant age, ethnicity, and
medication use. Independent of covariates, a significant effect of the
ATTACH™ program on mother and child CTRA scores continued to
emerge, F(1,1702) ¼ 4.07, p ¼ .044.

4. Discussion

The purpose of this study was to determine if completing a parenting
intervention (ATTACH™), designed for a broad range of populations and
clients, to be integrated into existing community agency programming,
and to be administered by community agency staff, predicts more
optimal inflammatory outcomes, as indexed by the CTRA. Results indi-
cated that both mother and child CTRA indices were lower in the inter-
vention group, as compared with the wait-list control, suggesting that
completing the ATTACH™ program predicts healthier immune cell gene
expression for both mothers and children. This work contributes to the
growing body of evidence suggesting that parenting interventions for
families affected by adversity could also benefit physical health through
reduced pro-inflammatory phenotypes.

Exposure to early adversity and chronic stress can adversely affect
health indirectly, by impacting health behaviours like exercise and eating
habits, and directly, through activation of stress neuroendocrine path-
ways, such as the HPA and SAM, with downstream repercussions for
immune activity (Irwin and Cole, 2011; Sapolsky et al., 2000). Higher
quality parent-child relationships, however, could act as a buffer that
ameliorates the impact of adversity on child health. As such, in-
terventions that bolster parenting quality in the context of adversity
should be associated with improvements in child biomarkers and health
outcomes. Most of the evidence to date has focused on stress-related axes,
especially cortisol and the HPA axis. This study contributes to growing
evidence that parenting interventions could also benefit child immune
Fig. 1. CTRA index scores for mothers and children in the ATTACH™ program
treatment and wait-list control groups. Mothers and children who completed the
ATTACH™ program had lower CTRA scores compared with those in the wait-list
control group. No significant difference in CTRA scores emerged for mothers
and children by treatment, suggesting that the intervention equally benefited
both mother and child CTRA profiles.

4

function. Evidence from the SAAF intervention suggests that improve-
ments in parenting mediated the differences in inflammatory outcomes
observed between children in treatment and control groups (Miller et al.,
2014). Although previous work suggests that the ATTACH™ program
successfully improves parental reflective function, with implications for
parent-child relationship quality and attachment and child development
(Anis et al., 2020; Letourneau et al., 2020), reflective function could not
be tested here as a mediator due to small sample size (N ¼ 20
mother-child dyads or 40 total participants). Future research will
examine whether changes in reflective function account for treatment
differences in CTRA scores.

This study is additionally novel in that parental immune cell gene
expression was also considered. Most parenting interventions focus on
child outcomes only. Although the focus on the child is crucial, parenting
in adverse circumstances (including the context of domestic violence) is a
stressful experience. Although it is probable that giving parents the tools
to be more effective parents would alleviate a parent's experience of
stress in the context of adversity, with implications for parental health
and well-being, this is not often tested. Maternal immune cell gene
expression was also considered in this study, and findings suggest that
completing the ATTACH™ program was just as beneficial for maternal
CTRA profiles. This suggests that parenting interventions could addi-
tionally benefit the health and well-being of parents affected by adver-
sity. Future studies need to examine effects of parenting interventions on
parental as well as child outcomes.

These findings need to be interpreted in the context of a few limita-
tions. First, this is a pilot study with a small sample size (N ¼ 20 mother-
child dyads). Although these are promising first results, these findings
need to be followed-up in a larger sample. Also due to the small sample
size, analyses testing whether intervention-driven changes in parental
quality mediated differences in CTRA indices by treatment group were
not possible. In addition, although diversity was a strength of this study
(with 70% of the sample being not White), it would be valuable to
determine whether intervention effectiveness varies by sociodemo-
graphic characteristics. Additional studies of the ATTACH™ program
(e.g. to evaluate the effectiveness of a community agency-delivered
program, rather than a researcher-delivered program) continues, and
subsequent studies will be larger and sufficiently powered to test medi-
ation and moderation. Another limitation is that, although ATTACH™ is
designed to be a broadly deliverable intervention, this study focused on
mother-child dyads affected by domestic violence. Whether these find-
ings extend to other adversity contexts, or is equally beneficial across
adverse contexts, is not known. Future research will include parent-child
dyads recruited from several community agencies that serve different
client populations. Finally, although a treatment difference in CTRA
scores was detected in this study, it is also not clear whether these dif-
ferences persist long-term. The effects of SAAF were detected almost 10
years after the intervention (Brody et al., 2016; Miller et al., 2014),
suggesting that these effects could persist. Nonetheless, research is
needed to determine whether changes in parental quality and CTRA
indices persists long-term, and whether these differences have implica-
tions for disease risk or other health outcomes.

In sum, a short, 10-week parenting intervention focused on teaching
parents reflective function skills predicted improvements in mother and
child CTRA indices. The ATTACH™ program could benefit maternal-
child health, in addition to previously observed benefits to parental
reflective function, parent-child relationship quality and child develop-
mental outcomes. Interventions like the ATTACH™ program, designed
for a range of adverse circumstances and populations, and to be added
onto existing community agency programming, could work to interrupt
the link between early childhood adversity and risk for future inflam-
matory diseases.
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